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THE FUTURE OF SIND.

SUKKUR BARRAGE SCHEME.

A LIFE AND DEATHISSUE. . . 1
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Before we can explain the objects and scope ‘of the Sukkur Bai‘raée
Project, we must understand something of the country. and the people
to be affected, anduthesdefects of the system of irfigation 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— | he Khirfar Range which stretches for hundreds of
miles in seried ridges into Baluchistan On the south it is bounded b
the Arabian Sea fromulCarachi to..the Ran of Guteh, about half of the
sea coast being piereed by the numercus active or dead months of the
estuary of the River Indus:" On the east it |s bounded by, and includes,
part of the great dfidian” Desert, a vast stretch of barren country covered at
intervals with ridge after ridse ofiwindblown sand hills.

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

Indeed, the provincc owes 1ts actual c_\:i._stcncc, In its present fcsrm,
to this great river, and to its subsidiary overflow channels, of which the
principal are the Nara River, and the Pinyari, Fulels, and Baghar Dhands,
all of which have new-been canalized. By overtlowing its banks for “
centurigs, an@ $preading 1t eterAi burden ¥ ﬁsilt_ over t}}e sufrounding
country, e rrver has f'ormedﬂthe Wond'crfulij,’ tertife aluvial Tands which
comprise the useful portion of the Province, and the whole of the cultur-
able area.

The Province is 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 E{]gland,
Out of this area about half, or 23,500 square miles, js cccupied 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.

o

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 1,250 square miles, '19¢ #’.,3

800,000 acres, o the State are culturable, the remaining arca consisting '

of ranges of limestone hills, or desert and sand hills. E
LIVING ON THE SOIL. !
, f

The population of Sind 1971 was 3,279,377 of whom roughly t
three-quarters were Mahommedans and one-quarter Hindus. Of this f
population about 40 per cent. live by direct labour on the land, about }
10 per cent. by revenue from land, a large number on the care of cattle,
shccp :m(l mmcls, and Hw greatl bulk of the rcmaindcr in trading n thc
necessities of life. and in domestic service. Only abont 2 per cent. of |
the population live by the arts and industries, and about 4 per cent. live §
by mendicancy. ;
Thus it will be seen that Sind 1s almost solelv dependent on agriculture

for 1ts existence. ;
We now have to see how this agriculture is carried on. It perhaps

a platitude to state that aericulture demands three essentials,—soil, water, i
and labour : but.n the Fast generally, and in Sind in particular, the !
coincidence of the three factors is often difficult o secure. Water 1s |
usua“_\' the greatest difﬁcUity, and this.is particularly so in Sind. The ;
average rainfall mvoind /i only about 5) inches per annum, and 1s at i
best very precarious. Most of 1t fallsan Julv and August, and usually in a E
few heavy showers. Hence it'is practically impossible to do any cultiva- % i
ton on rainfall, thotgh this will previde valuable crass for grazing cattle, |

etc. Thus in shervear 1917-18,=when ramfall was very copious, 73 per

cent. of the€ropstwere raised on 1rrigationg and in the vear 1915-16,

“when ramfall was low, 99 per cent. of the crops were n’r:gated. The :

importance of 1rngation m Sind cannot therefore be over-estimated.

These facts may appear dry-as=dust, but, as the Sindhi knows to his

cost, there is a worse thing than dry-as-dust facts, and that 1s dry-as-dust
land when he 1s depending on 1t for his existence.

It is necessary to understand these facts before one can appreciate

the position ot the cultivator, and the value of an assured canal water

supply to him, 5
RIVER]OF LIFE.

Since, then, the Sindhi” cultivator had plenty of good land available,
and sufficient labour, but nature failed to provide him with a ramfall on
which he could raise a crop, hLe was left to look for some other means of
obtaining the necessary water. He naturally turned to the inexhaustible
supply of water flowing past his lands in the channel of the River Indus.
Now the Indus has a regular seasonal fluctuation in its surface level, and
in the quantity of water 1t passes.

This fluctuation of level has a maximum of about 20 feet nse, in
flood season over the lowest water in the cold weather, at Sukkur, 400
miles from the sea ; at Kotr, 120 miles from the sea, the rnaximum
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fluctuation 1s about 17 fwl. | he Indus h;xslu Sp(fcial pcculiarhy, which

it shares with the Mississippi and few other rivers, namely, that throughout

its course 1 Sind (\lei(h s rv:t”y the delta of the river), it runs alung

the fop of a ridge and not m the bottom of a valley. The land on either

side of the rniver banks :‘.lnpc.\‘ away from the river to lower levels than the
banks themselves.  The viver has formed, and is still forming, this ridge

for itself.  In the tlood season, June to September, the waters of the river

are very heavily charged with silt, brought down from the mountains

i which it rises. In a year of moderately high river, the water is con-

fined with the banks, i.c., within the river channel (varying 1n width from

L to 5 miles) cut m the top of the ridge. In a year of high floods, the
water overflows these banks, and flows down the slope on either side
1,‘ across the country- sometimes for 50 or 60 n’xi]a‘&, unicss StO[)pé‘d by
artihicial banks bult along the river margin. [ his country, on either’
side, 15 covered with vegetation, either naturally sown grass and jungle,
or crops on cultivated land.  Thig végetation checks the flow of the water
and causes 1t to deposit its silt.  MosEsilt will be deposited at the beginning
of the checking action, i.c., nedf the banks of the river, and thus, these
banks are raised higher and highegiwith cach succeeding flood, and the
slope of the countriilaWay from the river ban ksfligigradually made steeper,
The slope howevenus very flat; and often net wsible to the eye, but is
readily detected with the Survcyurs' lcvol, and 1s sufficient to assist in.the
distribution and flow of “cabalbwiter .on the land, as will be described
later.

L I

Further, the surfaee of thesriver water isthot itself level, but has a
slope, 1n the direetion of flow, varying from [ffoot per mile in the Punjab,
to as little as HGotIn ¥ miles near the sea. “hiseslope is necessary to
cause the watel to flow towardSmthe sea. In the rrigated portions of
Sind the average slope of the river1s about | foot in 2 miles. The slope
of the land, in a direction parallel wath the river is about the came as
that of the rniver sm‘fucv; but the land also has a slo;:c ar’ay from the
river as already explaned.  If thercfore a canal 1s 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 in the canal will gradually become at a
higf’]er level than the land, at some distance from the head of the canal
Héncc Frver water winchy at the river bank, 1s not high cnough to flow on
the lafd, will bd sufbetendly) Righet @0 so dvar QiHerTdwar BahdsYurther
inland,Carried to them e candt™ Moréoveriha Yaroecanal % surface
slope of the water may be made flatter than that in the river, and hence a
further cain 1 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 How thereon, when the river is at a hich
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 1s, of course, slow and expensive, requiring
many bullocks to work the wheels. This is known as ** Lift ” irrigation.

(O%)
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When the water flows, l;y gravity, direct {rom the canal on to the ficlds,

. X2 L ,
these are said to have Flow  rngation.

THE PRESENT CANAL SYSTEM.

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

Datween Sulklar and Sehwan on the Right Bank of the river, the country
falls more steeply away from the river than in other parts of Sind, and in
this area, the oldest indigc;nm]a canals were able to givc flow Cu!livation io
large tracts of land, when there was a moderate level in the rver. In
other parts of Sind the older canals,made by the Mirs of Sind, before
the British conquest, gave mostly hft-imigation, except to small low
areas, and perhaps during the height of the nver flood. The highest
levels of the river seldom last for more than a few days 10 any one year,
and cannot be depended on for the raising of crops. But a moderately
high river, suffiscnt to give {low irrigation to some lands, and lift irrigation
‘0 a much larger area, can be cxpected in most years, to last for about
3 to 4 months, June te September,—a sufficient period to grow the hot-
weather crops of Sind. Al canals dcsigned to work under these conditions,
i.e.. with their supplies depending.on the natural flood level in the river,
are Lnown as Inundation Canals.. Since the Baitish came to Sind, they
have improved, or remodelled, most of the old ndigenous canals, and
have made many newfinundation canals. Most of these canals are designed
to get their full'discharge, and full level, when the river gauge at Sukkur
reads 12 fect, (it varies from a_smaximum of plus 179 to a minimum of
minus 24 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 15th May and st jun‘e. If the
river is favourable a fair supply then enters the canals.

2.
he

In Sind, all the cana\s cx«:‘.cpt ’four, viz., the Jamraa, fl\/’lithrao‘ Fuleli
and Sukkur Cénalsy age purely inundatien canals, ie., they, flow only
durifig sich Petiods as théFiver/i<high, andifar thelremairdér offthe year
are dryand tseless.~ On'an average,‘the pendd-of How'nay be ¥aken 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 b}:
these canals, except by means of wells, or crops grown without watering
and devendent on the land having been flooded deeply 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 1 1r, (hothi voeaal acidd <t !.‘}tu‘”), b to b coneentrated
i this sheat cowon, and for thoae 1 of the vear covnparativelyadle, TThy
13 o Of H;\ P clith “llf.‘ s U0 lh.smt..n;uw a laree area ol ~u!l:'.';niv,n.
] Il ntally l]/ re s il«;n!\u d. Vi) Tuladgys «fi Arict, i ernotl, f,.mmr' ol ey
Jemmbme water durning the r:'it) e i, whine h nerea o the 'lifhf"ully of
Cn bibone onthe Tind. Bat even donine the four months of flow

1
{ iy ator may mieet with cerions difheulties,

ot i .xb l h n canals Stad are now |n|’u\'|'l'd with head recula-
tor -, and wre d 1ore or "-' to nve the discharae H";llil'-"!’{ for their
Cotn. titied -‘i areas, \x}xr P !h«‘ pver 1oat a mederate level, such as may ke
espocted mioa notsal year foq the greater part of the four ;'nrvz.tlz‘.. HU@
in ol every vear there are 5vri( ds, of longer or shorter duration,
f ‘.' ni which this miod rate-devel | 15 not attaincd. At such pe rod , not
oni s th cupply deheient in quagtadv, but 1t will ;aml bly be at teo low
: lovol b Hlow ongto lands whi rm.x”_\ receive flow water, The
ievital o 1t 46 that samindar | t}u‘ water thcy can get, whenever
it 1 avarlablefand in this wad quired extravagant habits in the

the r'ivry ri-es above the mederate
ed with a head
d either breaches
or flows to the low
1 tloods those.

f waterd On the othd™ e

‘Pl‘r 1 [ -t.(l 14l l

K "a.‘:i tor, an ¢x xqweq- ]()»,\,“ d’)
the bank . and cari )y
Jyine portions of the area 'e:

m._mm\(?‘u 15
L et (8L L, bl l-, it
Thas fl:'-\in tends to ¢ X Lrava Tay ' J ]C!Uxt of water, when 1t 1s lnv}
V&‘ ;"h)
ahrlme Su

ud;h ands ; and increases
I uu*lf—rs seen

G:IL/O nch do not suffer
, W h"i_!;t I l\u lcw

enou :l to ln ;n';n;l.‘n
t}(‘? ll(l«ln\ ll)"
1 Yy VEIY eXOe l

jon ('um]a lead
15 DEIOW, or al ove, the

to extravaoant
I!UHH.I] l(‘(‘nilu] l!‘\'('l.

AGRICULTURE A GAMBL
As regards the effect on the acter of the people, and on their
mvl}!rul:; of u:l:i\‘at:un. here :’\f..’ilin they are most deleterious.  The river
in the season, and then sometimes
;or it may tHuctuate several times
steadily, giving what 1s classed

.\ m- exceptiogal mindu 15 ® ipdustrgous. and
enlerprg ! p nd S
Calla

_ il rap fa C hmt
moment suthcient water Is avg lu in the ¢ supply remains
good for a fortmght or three wwl\s, 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 1t 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 maturily, but we have seen cases ot 3 separate sowings of cotton, all
withered in this way, and  finally a poor crop of jowar or bajrt 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

‘l"‘x]il('ll'{[} li.\"‘:i to a L’_uﬂ(i Il\i‘l (‘.il’l"{
falls and remams low for a mn\’ })(I'u(]

or it may re mnn at a fm level and then rise
~
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their land, and even these may be totally unable to prevent disastrous
Eilures in their crops. On the other hand the careless and negligent
semindars, in a good year, will reap almost as good a 'harw;st,.from a
late sown, carelessly tended crop, as their most industricus 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
C.\'pcnsein cultivation, will save the Ccrop, 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 15 the typical
Sindhi zemindar, and the average cultivation, we see everywhere 1n Sind.

But there are still many keen zemindars who, with a fortunate season,
o3 . ~ - . . 1
will produce as fine cultivation and Ccrops as any In the world.

THE HARVEST. ('o it
k|

The pringipal
(both millets on. [hereare a ceyié
from which irrig ‘performed, but genera soil and water level
is such that well3 itficult to construct a e a very small supply.
Where they exist, crops ‘are @liVays grown in the cold weather, and will
be usually wheat. In addition sethis, alarge area is cultivated annually
on what 1s know “bosi " cultivation. Bergthis, the land is flooded
from canals, nefir the end. of the inundatiop_j;::én, to a depth of about
| foot, all oyér , whichis encioscd‘hi&r_@rﬁ)en banks to contain
the water. water 1s allo o soak into the land, and, as soon as
possible, the area is ploughedyiand sown with wheat, which will then
erow during the cold weathef, without further watering ; or 1t may be
assisted by one or two waterings from wells.

crops grown inthe hot season are rice, jowari and bajri,

r of wells in Sind

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 if a water supply
were available in March and April, the much more valuable American
andAgvpti ; could be gx‘uwl Cotton also requires water late

Yo

an ¢
b Hayat instrtutes-
e fl

The crops grown 1n 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 Kharnif, and if 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 pe
cent, of the total cultivation, and the Rabi only 28 per cent.

On the Punjab Perennial Canals, the average Khanf 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 Khartf is 35 per cent.,

and the Rabi 65 per cent., of the total cultivation on those canals.

Y
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This difference, n the relation between areas of Rabi and Kharif
crops mn the Punjab and Sind, is not due to any decrease in the proportion
of total cphurab%e area, sown with kharif, in t};e Punjab. On the contrary
as thf 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
c:.z.it‘m‘ab!e] commanded area. While in Sind the Rabi crops are only 9 per

ent, and in HPunjng Rabi1s 37 per cent., of the culturable area

m-z‘nimocd. Thus 1t will be seen that, on similar culturable areas, the
o1 grows nearly 30 per cent. more kharif crops, and over 300 per
it more rah crops, than the Sindhi. The total cultivation in Sind is
P'“}' >0 ber cent. of the cuiturable commanded area, while on the Punjab
Cercnnial anals it1s 03 per cent., and is steadily increasing as the new
canais df"‘-c]\')‘;x their commands.

¥~] X « 1 .
N our next article we chaltl { 7 m !
i ur next article we shall e)sp]am wh_v the present syste of 1nun-

101 s "',;Q ~anrs t L\ I Y I
1o canals cannot be improved, and why new canals cannot be designed

y
(]

{

O(—)

) ) b
v~ 0O ¢

@

O rr{"».';) ‘1-",'— e 1: < '." p) nd !
to give ;)LJJ\;I_,L supplies, in both the hot and cold seasons; unless assisted
oy a Barrage or weir.

955
- et
y &
L% Py
Q™ Edg
Age v |
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AN IMPERATIVE NECESSITY.

Trat > . P I G
In our first article we explained the present system of 1rrigahion
in Sind, by means of nundat) nals. and showed thewr hmitatiens

] 1o
and unrcirabll

v 1
We show
¢ il
or whicn the
small to suppls

Lecomses toe
) ]

Fed that moderately

low-level water In ¥5 lands some distance
away from the rivef. [t .ed, why cannot the canals
be desizned to give theig ‘ £ the niver,—
levels which cany season to ensure
the growth of ar 2 We will first
see why the such conditions
Now summer cropsreq {of about § months—say, June

to 5c;\tcn‘.bcx' inclusive. s lands are at " a level tha_t.
with the full supply level in th3 e can get water to How on to his
' Line., sowing. and cul-

1 ) ]
ttia and labour tor theie
<

I ks 4] - S . "
lzmds, he can utilize all his catticqgr@@ men tor ploughing, g
. N - 1 Y} *1 ) s R R ] 1
tivating his land, ana he will keep oniy sufficient cattie and

purposes. 1f the canal falls bel w the full level, and his 'and is at the
canal banks, he could, at great expense ai rrouble, erect a water-wheel
on the C;’.nal side, and litt water to irrigate his Crop . but t}‘.f:‘ 1 verv seldom
dongf an . Froplis Fit to die. UsuasHe his land, wall be fed by a water-
courge fofnjt@e cgnal a \at\:IHStI ut ¢ teet of
water in the canal, A )L B A LA Waidtentrse may

is helpless, and his crops must die.

o

altogether cease to flow, and he _ 0
These conditions apply to the great majonty of " flow " lands mn Sind.

Thus the level of the water in the canal 1s of primary importance
to the man with flow lands. In the case of [ift lands, the zamindar 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 qise or fall in the level of the canal. therefore, make shittle difference
to him (except to decrease or increase the work of lifting the water) so
long as the quantity of water n the canal is sufficient for his needs. But

obviously, lift irrigation must be far more expensive than flow irrigation.
and the latter is therefore always desired, and must be provided wherever

© 2019 Dr.Pathan. All Rights Reserved.
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possible ; and hence the water in the canal should Le 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’ scason, provided that level was sufficiently
low 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 feet
at Bukkur ; but this level may be safely assumed as always obtainable,
in any year, from June to September, and canals could be designed always
to have full supply at such a level of the river.  But only very small areas
of Sind could be wrigated, by flow, with such a level, from existingranals,
however remodelled, or from any new canals, unless of great length ;
and the greater part of the area of the province would get only lift culti-
vation. As Lift irrigation is so mueh more expensive, and requires <o
many more cattle and men, than flo irrigation, a compromise 1s effected,
and canals are designed to get Il supplies only when the river is
considerably higher—about | n Bukkur. This level may be
expected In a v ear, to last from Jun ber, but 1n years -
of average, poor, undations, it freq s below, sometimes
for weeks at a tim Y as much as 4 to ; and the canals then
suffer, both in the quantity andilevel of their supplies. At such times of
deficiency In a canal, only one 'th’igg'ca’n be done to assist matters. By
making regulators, at intervals, afross the cana d closing one of these
regulators entirely ally, for a few days er level in the canal,
immediately abo ulator, can be rai channels leading
off the canal, n egulator, hus be ¢ err full, or nearly
full, level, as long as the regul 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, lor a few days each, in turn. * This is what is 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
entering the canal. But these rotations have one serious disadvantage

s

. @ ) -
to the gfnals ey fredu e, velgeity I m them,
and thétehf fabet il a g b bf This

¢ serious n the lowef reaches of a canal, as the silt can usually

may not
be scoured away when the regulators are opened; but at the head of the canal,

when the hirst section 1s rotated, it is liable to cause silt bars in the head
of the canal, and in the river itself 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 1n some cases eventually stop the flow into
the canal altogcther, 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 niver.

© 2019 Dr.Pathan. All Rights Reserved.
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DIFFICULT TO DESIGN.

Thus 1t 1s seen that cven for the summer crops only, it 1s difficult to
design an squndation canal to give a satislactory supply, al the constant
level rcquircd, to tlow on to the land.

Still more difficult would it }w., in f:\(l, gl]mn:,l irnpossib]t:, Lo dc.‘;ign
a canal to gi\c a sum)]y all the year round ’ for the water level in the river
{alls to zero, on the gauge at Bukkur, almost every year, for some weeks,
and often to 1 or 2 feet below zevo, e, from 13 to 15 feet below the level
for which present canals are .rl(':;ignt:(l to have their full level and supply.
Actually, at present, there are only two canals In Sind—the Fastern
Nira, and the Fuleh Canals which can take any water at these fow levels.
Both are natural river « hannels which have been canalized and have outlets
to the sea. Thenr cold weather snpply Is a very small pr(,portirm of ther
full discharge, but is usefal as far as it goes. The Eastern Nara gives
frequent, and increasing, trouble during the season, owing to silting in
its head, and in the river at its mouth. Yet this canal system has the very
great advantage of a large escape into the sea, so that large quantities of
silt can be scoured out of the canal ehannel into the sea. The Fulel has
a similar advantage, and has given very little troublefrom silting in conse-
quénce, but the rab discharee is very smill, 2ndgithe rabi cultivation,
which is entirely “lift,” is only 14 per cent. of the total cultivation on the
system. Both these systems have their canal beds at a very low level,
to enable them to take lowest river water, and both can get their full supply
level with a very moderate river,"and eannot be further improved.

ANOTHER GREAT DIFFICULTY.

Another*ureatt difficulty—in fact the greatest difficultv—with these
inundation canals, is that their Heademmust be made at, or near, the natural
bank of the river. But exceptiatithree points in the whole of Sind, where
rock occurs, the river banks arefnot fixcd points.  The river 1s continually
eroding its bank on one side, or the other, and silting up the opposite bank -
lower down; the alteration of the bank sometimes being as much as half
a mile n a single season. Besides this, the river very often cuts across the
narrow neck of land enclosed in a sharp bend, leaving the latter high and
dry, perhaps miles away from the river. Hence a canal head (and 1its regu-
lator)-may be entirely eroded away, 1n one or two seasons ; or it may be left
hicl and @ry, completely-gug off frofa thd river,— M the former case, the

kel

canalsmayibe choked with eroded St in afew! days of weeks, orileflt at the
mercy of the highest floods,@wing to the demolition of its head regulator.
[ the latter case the supply 1s partially, or entirely, cut off, and will
ecessitate the making of a new head channel for the next season, which
will be equally liable 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 complications and difficulties, of too technical a
ature to describe in a popular article for the layman ; but sufficient has
Leen said to show the hopelessness of the present system, for any intensive
development of the country. '
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e 1o : :
e new come to the possibibity of makine new systems of canals,

.
C \

Y- N ] . 1 1 ) .
¢ ding on the natural niver level, but to tlow all the year round ; that s
to =av, their heads must te -:..;‘.;}‘:!r ot taL:ng thair cold weather snpp]y

N
‘ v ot p} \ gt }.w ‘}
f}\'ﬂl tHhe TIVeD QU 10 1OWCOESL ICVCi>,

The first essential of such a canal is, that 1ts head shall be located at a
cont where the niver bank 13 permanent, and not hable to hc‘a\'}' silting
cr eresion.  There arc only three plices n Sind where these conditions_
¢ n be even approximately assured.  One s at the Sukkur-Rohn gorge,

) : , . . .
waere the banks are of rocks on both sides ¢ one at [\utn. whcrc the

Lol anmraach kash al l | R £ arye { g

niils approaca ovoth sides L!‘u\;\-‘ﬁ:}, and the banks are of Vvery hare Ciay
)] 1 1 ‘ . r ¥ 1 1

—— Y P i N Iy At a1 4 N PR

dld ONC al jJerrucyk, winere rock again fOth:\ the banks.

SILTING OF RIVER BED.

+

R .
None of these sités, however, 1s

cted from si]ting of the nver bed,

ed. The most favourable site

On both banks, lengthy canals
-

i - , L S,y .

o! ail 1s that at the Dukkur-Kahn ¢
i :

'y

ould be made, w suppiPTHOW water, aid of shght
retations, to the 13 b abouts505miles cads, at a very
moderate level of the S or 0 feet an the cauge. But this
level 1s onlv available ) -l‘i{'erf: Jer present ) itions from June to
Scptember. In other n:onths.'hfw‘.xh’.‘ﬁuc(‘d supply only, could be
passed into the canals, and it aeduldWSE neeessdry 1o resort to very extreme
rctations, mn order tg ?ow‘\mlér; ¥o Jands these conditions :
while the supply aval d'onlykesuthce a of rabi crops,
'ess th n hall { : whereas the count wople, and cattle,
re capable as-khantf.

Moreoy these canals would to give flow water to the lands,
in about the first 50 miles from theirfedds. much of which has at present
a tlow supply. Such lands therefore weuld have to be left on their present
sources of supply, (existing inundation canals), or else converted to hLift

SN N N . .
urigation, which s unt}nnLch. .~\.\sunnng for the moment that thc‘se

creat canals were made, they would irrigate great tracts of country, at
{

nt irngated by existing canals ml\mg oft the river furtlwr do‘.vnstream,
: -

fuchy, addinoflal fand. nced-the €S eR Wt Me o wals 1OW
Uk gvat s titotes
between Suk Sehwan, ow/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 vhich there is no protection, wou]d’
aflect 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 nsk to cultivation, from failure of the canal head, would be very
creatly 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 ity miles of the new canals, must remain as the source
of supp!y 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 th Her the & o
&5586 Bibabans A kiR R digshagee in the Indus,

o7




b—

www.drpathan.com 12 Page # 13

and the lower its level, the more serious will be the low (rinrx effect of the
concentrated  withdrawals. Such times, of comparatively low river,
occur in June and September, and in these months the new C(And]a would
probably lower the river level at Sukkur, and below, by about 1 to 2
feet. This ]owcnnq, of an alrudy low river, would be fatal to the culti-
vation on the xunmnmw L\lbtln canals. If a new canal were made, on
one bank of the river only, sucl. as the Rohri-Hyderabad Canal proposed
by Dr. Summers, the effect of its withdrawals would be less than that
shown above, (about half), but that effect would then affect all the existing
canals on the rl*ht banL of the river, already ne ceding an mr*pro‘v ed SUPPI
as well as the umammu existing camla on the left bank, mclus img tPe
great Lastern Nara system. Such new canals can therefore only be made
on the following conditions :—

CONDITIONS FOR NEW
(a¢) Their heads can

front of them.

DATION CANALS.

be protected from silting in the river in

. - . . ,
ruinously-affect al v inundation canais

’ital months.

by

() They d vastly Increase the . {dependent on them)
to which the Tisk o£ fax ltire of crops would be caused, b\
slltln" at the head Qf'fhe canals.

eflective Government,
ative were possxble ;
and 1t 18 dou ther the ould counterbalance

the positive losses, and the po
3

But when it 1s pos\ible to iall these d‘sadvan’face and nisks, and
moreover, o mv« an nfin: td ror water supp ‘\ to all lando, and to
reap a tar greater pmﬁt to the countr) no sane Government could consxde.
the rxsl\) scheme. It will be shown that an alternative scheme 1s both
feasible, and advantageous 1n evervy way, and this brings us to the scheme
for the bul\Lur B.mage and Perennial Canals Project, now being undertaken

by t Soverame Bombay.
ar H at Institute

TH
We will now e\plam t b}f*ct of a weir, or baxracc on a river, and
its effect on the supply of canals, taking off the river above it.

Weirs may be of two distinct c]assqes, or of combinations of those two
classes. ‘

First is the solid weir.  This consists, usually, of a great wall of solid
masonry, built right across the river. Al water tlowing past the weir
must flow over the top of it, or over a lower portion known as a waste weir ;
so that the water on the upstream side must always be at least level with
the top of the masonry weir (or the waste weir). In times of flood, all
water still has to pass over the top of the weir, so that the tlood level is raised
by the height of the weir. Such weirs are therefore generally used, where

a raising of the flood level is unimportant, and will do no damage
© 2019 Dr.Pathan. All Rights Reserved.
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asons, the water is kept, always, at least as high as the top

%]

The second class of weir is one which is designed to offer as little
possible, to the pa.sage of flocds in the river, and therefore
ause any considerable increase in the flood level, which might
- lands above 1t, or in other ways cause dangerous conditions,

same time, the weir must be capable of manipulation, so that, when
¢ natural level of the river is lower than required, it can be raised to the
€sl level by means of the weir. This is usually effected by moveable
cates, or sluices, of some kind, which can be opened, or closed, at will.

THE SUKKUR BARRAGE.

A
o~ —_— ' . r . 1 .
w2~ Ihe Sukkur Barrage 1s a weir of this second class, and consists of a
so.1d masonry toor, laid at the bed level of the river. On the flcor, stand
e i , at long intervals, and in the piers are vertical grooves, in which

steel gates abut. Thes gates can be raised, by means
! as to be at any desired level,
t clear of the river, which is
ge piers. When the natural
for the canalsathe gates are

~
nmery hixed on a bridae

river
o the w fently to offer such to the flow
under t ?h,e surface of the stream of the

.'.—\Hs'm:p]ug water in er, not required
be passed @ndérneaih the cates, and whenever

to the require

(73}

-l EESTIENING
nals, wili aiway
S

1 1 ‘v'__ N ‘ 1 - 1

the natural river nses high enough foryehe canals, the Barrage gates are
o . . p 2 -

Iifted nght clear of the g Ly,

at for“the proper nt of Sind,
ould be able to mai onstant level,
1gation at all s to the lands served by them,

and that this can only be effected if er level, at the head of the
canal, 1s kept quite, or nearly, const has also been shown that

Lo t
the only constant level which could aranteed, 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 Scheme, all canals will have their heads just above the Barrage,
and here 1t il b;c possrible, by manipulating the gates of the Barrage,

to head up the surface of the river to the desired level, at any lime in the
year ; so lofz a5 ¢h ]:JtaH Hygof a *tr}‘ncsrt l}t als
;iowingin e rver. | T S;a,p.’la; condi lémﬂ
constant level at head, all through !

hé year—is obtained.
EXCLUDING SILT FROM CANALS.

But the Barrage also gives a second very essential service to the
canals, viz., it 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 15 hardly necessary to describe in detail how this is effected, but
it is sufhcient to state that the canal head regulators have permanent

© 2019 Dr.Pathan. All Rights Reserved.
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masonry cills, from 6 to 9 feet higher than the ?oor of the Barrage, while,
by manipulating the Barrage gates, the bed or the river in 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 _absolltln;\\y
guarantee, to all canals, the full level and dlsc}'xarge tbey.requére, 'ah the
yvear round. 1his supp]y being constant, §t can.be distribute hWItl t €
greatest accuracy to all branches and distnibutaries, and from the :at le{,
to the village water courses, and thence to the ﬁelds. Thus the culti-
vator will know, for a certamnty, that he will get his water supply flowing
on to his land, with perfcct regu}arity, and in 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 fagla8 water requirements are co.ncem_edz he
can sow his crop when desi d be certain of watering it until 1t 1
ready for reaping. Compa with the present system of utter
uncertainty, immeasurable adva the proposed system
1s self-evident?

iq

Qur next a Qx"gnz—é brief ption, and some leading
; Wi
particulars, of the'Sukkur Affages-and the great canals to be fed by 1t

and the anticipated agriculturs! and /financial effects of the scheme.

Gul Hayat Institute
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A HISTORY OF THE PROJECT.

I,

N ‘Wc explained in our two previous articles, the present condition of
oind cultivation and irrigation, and the possibilities for development.
It was also shown how tmpossible it is to remodel the existing inundation
cam]s, or ‘tn make new canals, dcpc-,ndcnt on the natural level of the
Indus, to give an assured supply of irrigation, even in the summer season :

J

and much iﬂ«‘;ss for the whole year. We showed the necessity and
advantages of having a weir, or barrage, to control the level of the Indus,
at the }]wads of any new canals ; and how, by means of such a Barrage,
we could guarantee, to all canals' fed from it, an assured supply of water
at a constant level, high enough to flow on to the ficlds, all the year round ;
thus enabling cultivators to grow vast areas of cropsuin‘the cold weather,
and to keep their labour and cattle fully employed all the year round,
mstead of for only four months as at present.  We now come to the
various proposals, which have heen made, to improve the existing con-
ditions ; and as the present Sukkur Barrage and Canals project 1s the
outcome of all these proposals, it'is necessary to give a bnef resume,
of the long history of%the project, in order to understand the present

SChCﬂlC. 8% @
A LITTLE HISTORY. Y

E ]

After the conquest of Sindiby the British in 1842, they formed a
Canal and Forest Department in 1843, The first result of this depart-
ment was a Report by its Superintendent, Lt.-Col. Walter Scott, in
1846-47 1 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 irrigation hitherto adopted.
He then explained the works he considered necessary for the Improvement
of the system. He stated that most rivers, from which the supply of
canals was - dmwn, were-whollyyor partially |stopped by dams, to régulate
the level of the riverd Hd&Beliévédisuch dams tolild onty~be ‘butlt 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 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.

© 2019 Dr.Pathan. All Rights Reserved.
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FIFE'S WORK.

- IT‘.”;)".’). l;va submitted a very ‘nblc report on L.hc_ Irrigation of Sind,
with proposals for a complete revision of the existing system, and the
‘\:onsl.ruct;rm ot greal new canals to supply almost thc.: w'hole éultura'nle
arca in the _Pruvm.cc. He nowhere refers to the possibility of regulating
the ‘]('\’Cl ()f‘ t!m. river Ly a dam, and he appears to have accep.tcd' his
;)rvd_cccz;:;_ors dictum that this was impossi'b]c. Of course, there were
not i existence, at that timc, any of the great weirs, on &:andy river beds,
i other parts of India, or in Egypt, which have since been constructed,
50 he had no precedent to guide him. His canals were, therefore, designed
t‘f,) n‘wkc the best of the natural levels of the rver, and, as such, were very
tinely schemed.  His proposals provided for a vast extension of cul-
tivation, and he admitted this programme could, then, only be carried
oul mn steps, each one of which should form a link of the ;rma} system,
and should be designed accordingly. His idea was to provide great
new canals, on both banks of the river, to supply flow water to the land,
“f' the khanf season and in the rabr scason, at the lowest level of the
river, !_L; admitted that he had me levels of the country, or sufficient
mf?x‘mat;rm, to_design these camals, but his proposals seemed to him
to be the bestiarrangéments possible. He propesed 6 great canal systems
as follows :—

ON THE RICHT BANK. |

1. A great canal with 1ts head at Sukkur, to traverse and irrigate
all land _between Sukkur and Sehwan.

2. A great eanal with its head at Kotri, or Jerruck, to supply
all Jandstbetween Jerruck and the sea. |

ON-THESEEET BANK.
3. A great canal with its head at Rohri, (now known as the Eastern |
: 4 ; . |
fl\mm ﬁ‘wystcm) to supp]y the south eastern portion of Smd, !
from Sanghar to Jhudo. , |
4. A great canal with its head at Rohri, to supply all lands from
Rohrt to Hyderabad, }ymg between the Indus and the above
Fastern Nara System. (This 1s the Rohn Canal of the 1910
andyg 1920 Projects.)

A great ¢andl withytschead att Hydcrabad) to supply all lands
between Hyderahad and Jerruck.

N

6. A great canal with its head opposite Jerruck, to supply all
lands from there to the sea.

OFFICIAL DELAYS.

Of one area—the Rohri Hyderabad area,—he had a fairly intimate
know]edge, and on this he prepared a rough estimate, amounpng to
Rs. 26 lakhs, for a canal to carry 2,200 cusecs. This he submitted as
a specimen of the works he suggested, and he took this canal as the first
link of his system, because 1t would feed what was, then, the best known,
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NOp! dated, and 1iost valuable land i Smd,  This estimate was

returned to 111': for making  accurate surveys, aned revis my the })Y()t(Cl

and was re-submitted by hia m 1859, The Bombay Government

recomimended 1t to the Home authorities 3, for commencement as scon as

funds permitted. From 1859 to 1867, the matter remained in abeyance,

In the latter year, a revised and larger scheme was subiitted by Captain

Le Mesarier. This was returned for fuuhuf revis mn In 1869 the

Sceretary of State drew attention to the need for nnproving the irrigation

\ of Sind, and stated that the Rohri-Hyderabad Canal, then under

Inves 'rmon would test the suxtdf;;ht” of surh Cmal‘; for thc pruposcd

ot np]u new system of perennial canals for the whole of Sind. In

Angust 18¢ 9 a 1( .1 sed y»rr '.((v for a sl Ln;'('r Rohri Cim;x!, was prcparcd,

'r) 1t tae Cominissioner in Sind gave 1t very limited support, and expressed

very ml«l‘:]:c'x views, o Lf’xr_: Jupumnt) of it over flow cultivation,

In 1871, the (x,,-\"'x nent of India asked the Bombay (Juvunm' nt to

prepare projects, {or pe:umml canals for the whole of Sind : each work

to be designed as a link m th plete system.

In 1872, the \"cero\, (Lo brook), visited Sind, and ordered

the anmtiunmfnt of the Roh Project, and the preparation of

a project for go Canalesstyr 1877 the Secretary of

State drew atte Aorciblysto the ne oving the irrigation
of Sind. In 18 Joverfiraent of Bom borted that, although
feasible, they did wot édnsid -H'exenmal eanals, on either bank, were
necessary. | hey recommende ésiistruction of a small Rohri Canal,
al taking, offf ﬂxe [as Nara. In 1882, the
dorserl ~these views nitting the scheme

www.drpathan .com

{ 1
and of the _Iammu
Government of
to the Secretar

uniil 1899, w‘mn Lord  Reay,
Governor of Bombay, wrote a he subject, and commended Fife’s
prupusx] for iurthu anth!) 092 a Cumnnttu was appointed
un:iu Sir Evan James, CommiSsigner in Sind, and they reported
unanimously that the Rohri Canal was not needed, and was a financially
unD,JnJ project. They nunnmmdm, nMuxd the improvement of
existing canals and the early umstzudnun of the Jamrao Weir, and
Jdmmo Canal, ex- L‘at(m Nara, and the final aband lonment of the Rcheme

for pe 1al una] nu ud not; eve LO;]\‘d(_ fhe Riol an
the nG i tm a S tlll( ¢ mons,
were .w prepa Ld \ d n, ¢hit \Il\t principle of higl leve]

'fhc matter was then.dr

u}
parcnnul Lanalb \b a I(,SU , xal‘\f SUIMS were c.\pcnded On !mprovmg
existing canals. .

THE BARRAGE APPEARS.
In 1991.03 the Indian Irrigation Committee discussed the possibility

rig
of conatructmv a welr at Suknux with hwh level perenmal canals on both
banks of the river, on the lmes of Flfe pxoposals. 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 suitable alternative sites might
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vl thos x‘i..“.u‘lT"H’,:"'l that the whole cchone ~hould  be
1504 Dy, Surnmmer - then Superintendine Eneineer,
] all throuch the country, which would
d of it: desirability,

Le tound,
Ve ~tiwntul In
!l‘.xl:n ' t]t ‘I lh\-\.:)l lonred

he corved ’( Rohri Canal, and waz so CONVINCe:
that Lo roge todd ;wu.i_i' n to make @ curvey, and prepare a ;m,mt
for o fi ler o Rehrr to the D ~(! (‘Y(indl He wlnltf! out that a weir
al ‘HH\'H o s I new N‘l systems on } >! Rlﬁ.n un(l L(“ I, HL
winld mu.uu“ oo needed, bt ln thoucht his mv[uul fu“mr to the
2] would be sothiorene for roany vears o comc. er "nionths [ater,
he hod mn.L wed this view, am? asked gwr’xm:ﬂmu to extend his prujul
Lo cl\‘.l"l\‘.liri lfi})t ' '.<,I;.

[ Morch 1906, the Government of Bombay mnstructed  him to
report on the pos hihits of L\tu’ldh_; the 1 “1”" d new ("1;1, Lo the
s:m'?; Ol H"'Evrw!-' qm] tnu, ncv for dl m(l:w\'z l::‘ 1" },dn.\

THE SCHEME DEVELOP

In 19006, the Governnien
ol Tndia; m'cllnﬂn;.x'v [\!«.li.\. o
te Hyderaba

f:n \nbmxtlf Lo [0 ) thhe Government
)h ¢stimale, for a Mml from Rohri

ciion to an estimate,
1 s, for this Ldnll, and
an 1&(1 that these two \xml\ lormed

a part, only, of theg np'l‘\ .im \/},‘fc)\ would include—
AT \\L\-\"Ltm Wi,
) ’ R Nara Se sl"?
) The Ronri L}.T‘!Cl':x
) A Right Bank (7 ling at Sukkur.

And they pmmiwd to sen ¢ report on the Right Bank Canal,

then under | repars ation, at a lat“x date. [‘hmu"} out therr letter, and
notes by - Chiel an neer tor l:l;‘mtion thu,'

[ ~ll}» ML

1\)" [H(f lH 1< N
also for la Barrazo#t \l KK

the ALL()IH})H)\H‘“ :
(nlplmqllt(] t}](‘ nece \\\t\ L)l ll\ll' 33 nrace, 1(‘)) fh(‘ l“ ‘ne {1t \‘(‘ hoth the
Rohrt € dlml .m(i all lh u*]u v unal of [lw s(hc me. 1he Chief

Engrgter shgw u ik ¢ Rohy )'l g con idered alone,
but 1 CIEWI 1 di‘t . t ‘C Laxrawe

In Dm ember 1900, the Governgnent of Inc ia sanctioned the estimate
for preparing the pl()](‘d“ for the Rohn Canal, and the Barrage, and
senerally accepted the views of the Covernment of Bombay, as regards

tlnc rest of the <cheme.

In ]anuan 1907 the Government of Bombay issued orders tor the
preparation of projects {or the Sukkar Barrage, and for the Rohri Hyder-
abad Canal to be fed by the Barrage. In February 1907, they called for
estimates for the Right Bank (;mal fwm Sukkur, and for the development
of the Eastern Nara Sistems, 1n conjunction with the Barrage.
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In March 1909, the Under-Secretery to Covernment, Public Works

Avéreis ~ oA i ) O~ el by L - -

D('pm. :nt, addressed Dr. Summers, stating that 1t was understeod

L ’. ol ] Y oy (&G (O NP —af i i

tnm His Excellency the Governor, {Sir G. Clarke—za{terwards Lord

denham) had he S sed witl santantion. Said

‘w ennanij, had neen prima jacle, ympressed with a contention, said

e

" Hyderal

i

R I o e T s

H
to hﬁwc been put forward by Dr. Summers, that .
be made before the Sukkur Larra%. he Un }er~ secrelary point ed ouf:
i,
that this was contrary to all opinions, and orders, hitherto 1ssued.

in Icm Dr. Su...mera rnerc:iv states that, mn the 4 Years since he
rccormmndcd that schermes for Right and Left Bank Canals with a weir,
should be invest 103L€d, hc had held a very decided opinion that the Rohri-
;'ri Canal should come hf%t, an4 that th\, 1nformation he had
collected in that 4 vears, had strengthened this opinion.

Cl
i,
Cio

P

i his appears to have been the origin, or frst public appearance, of
B o g . 1
jeci, which Dr. Sumimers is still

1

H ! %
tne I'x:xy-ur.-:ﬁ.-;s'x controversy on this
carrying on.

' -

In March :md “xpn 1909, e Collectors,
of districts affected by the Ro‘m them to give estunateb of
revenue from such a orked ag amrpunda hout a Barrage,

3

nal would 9.\ e 2bi Supply.

cfs/attem N was ca v the Government
Teireresto the Col ecto*s were €on tr'arv
ere, sthat the Canals should ke
stated that they
ithout a Barrage
| condition for

en the assumption
In June 1909, Dr)
of Bo"x’buy, to the fact that the 1{)0

ic vhe OldLrS of Govemment\ w
m?de in gov sunctio axra'oef udver,

considered 1t an ssumpIxon, that

could zive a guar stupply, which was
the success of |

ummers explained that, as he
t ihe assessments proposed, was
had called for the necessary
o;ﬂct for the Rohri Canal, without a Barrage.

a

Co'v ernment  con .m‘med their orders for the canals
¥

mplete scheme, bu ; mxtted Dr. Summers to
general project was not delaved.

cn condition the
Hayat [nstitute

; cen that DY, Summers design for the Rohri Canal,
» Barrage, was not projected for scund irrigation reasons, but
Iy 2 makeshift, intended to overcome the di ff;cu]t, of preqentmg ,
» profitable project. In his design, he was abie to provide only a smali'
: arge, (less than ‘m? the khanif dxscharae,, and at a level 5.3
desi; ull supply level, on which he dependea for commanding
by flow. Hence to oLLum {ze nccessary  ievels, §e had te
ding up 5 , and run 'zg his canal at less than
ting velos .5 almost certan

v‘bl';x.u," B L e IR

2}
fu
ey
W)
wQ
:a;-
ws

i ] .
the designed non-si
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1909, a ;,m',e-..l {or the Fastern Nara Ixnp!’u\"rnlt:;:afg.g,#21

l'.,.\:rcnliu: ]‘-,n':in(:(*r, zn{;unntinu to Rs. 161 h‘s-:hs,

w« submitted.  In June 1910, Dr. Summers submitted alternative

projects, (1), for the Rohri Canal, with the Barrage, amounting to Rs. 510

lakhs, and (1), without a Larrace, 2 alternatives, amounting to Rs. 532

lakh. and Rs. 548 lakhs, x'v~;>(-cti'~.'<tly.

1910, was al<o submitted a project {or the Right Bzx_nk
Fxccutive Fngineer, amounting

www.drpathan.com
iil ()\ ;Ugn I
pn';n,m‘(l by Mr. Vachha,

A
Vv e

IH Jlllh'
(‘;um], pl‘(‘;mn'(‘ })5‘
to Rs. 530 lakhs.

1910, a final revised project for the Sukkur Barrage, was

iy Re. 219 lakhs.
Sind, (\11 VW. H. Luczi.s),

h Chvimivrnc .
\l[’. Shrimivasarao,

]il \]llll('
submitted by Mr. Beale, amounting

that the Right Bank

I u;mnnnr]'-ri that the ba

Ih May 1910, the Commissioner In
submitted his report e CGovernment on the u»m'%)inf*d scheme. He
Barrage and Rohri Canal be first constructed, the
Fastern Nara bhinprovements when X\:fiLlil’('(}, and
Canal, as d iwned, was ansudtaBle, and should be 1‘(‘(,1(‘\'i';_'m'(1, for part
f‘.nl}' of the areca.
'or lrrigation submitted to the

1910, the (hef Enginm;r tor

Combin(-fl g)rcj;ct, for the B;n'mgc, and the

In July

Bombay Govempmeal, the
three oreat cinal SVStem, vi-., the Rohri GaflalpbRcdeastern Nara System
and the RichteBank” Canal “System. He reecommended for sanction

s,‘n}},' the estinatcs for,
age - - Rs. 2,19,34,767
Rohri Canal d : . p ., 4,49,75,788
Fastern Ndra - o / R 1)167(34’436
He statédthat, the

not ':Hlilnl‘rl(‘, ‘:n(l he (i

-

;n.\}«-(l pi'cgml'(,;‘l for the Rigln RBank Canal was
| notJtheretorc x’cc()mmcnd 1it, or submit 1t for

s‘mf.‘l;nn.
He ‘w”é—"(\‘hh‘al this ;'wj: ct shoulcl be }'cvis.cd, and the works l>uilt later,
He vmplmsi/ui the abso
to all (".'umls i the rab1 season,

means of the Barrage.

MOREALTERNATIVES.

Ih—Septembert] FLO DY Sotntmersl submivted | his altérfative project
tructing the hrst Two sections of the Rohri Canal before the
The Chief Encineer for Irrigation criticized this proposal very
and showed that the rabi supply would fail in many years, ever
It up, which he considered very probable.

the Government of Bombay submitted th
vernment of India, and recommended onl;

the Barrage, and the Rohri Canal, projects. They proposed that th
Right Bank, and the Eastern Nara Projects, should not be considered fci
the present. The projects recommended amounted to 871 lakhs of rupeed
and showed that, in the 12th year after completion, the next revenui

lute necessity for giving an assured supply
+nd stated this could only be secured by

fOl. COI1S
Barrage.
adversely,
if the canal did not s

In December 1910,
combined projects to the Go
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! ] ) .
\\n‘.l! i be neany l\) \4 ‘,1“1 per o anntrm, \\‘lnvh u'p!'t"..:'nl(:(l ‘4 per cent, |

mterest on the li"ii eost. They alo considered that a scheme should be
(1«\'5»«“;{, early, for the R:,}.{ Bank (.;m.".l\, as the existing canals on this
bank would be a 1:\‘1‘\:&‘_\' affected l)_\‘ the B.xrmgc and Rohrt Canal.

In Octoher 1912, th_r Government of India submitted the whole
_\khr-m o the Secrctary of State, wh -:mlu_-intcd a committee of engineers,
m L m{e.»x:, to report !]u‘rr;m.

1 }ui‘(‘-bi)\':.\ittcs conssted of Col. Sir J. Oltl(‘)". and Messrs. Lionel
Jacob, W. I.. Cameron and A. L.. Webb.

~ LTher report was issued in December 1913, and briefly their conclu-
SIONS were:

(a) that the project was unnecessary as a pl‘ulccli\'c work ;
() that it was not productive, and was premature;
(¢) that the proposal to m
was attended b_v too grg
espectally as it did 1
(J) that an alternative s e Barra\;c, to be founded on sand,
shol fcsticatedyat-some pol e Sukkur gorge;

(k) that

Lo . .

( the Rohn Cana‘., without a banage,
oy o .

k of faitlure to warrant its exccution,

a Rabi supply;

and unproductive,
thc_\' r C . e be prepnrcd, and
kcpt in rc.xz‘!n“eyé,, t\"fas%‘: .ihe Ptlﬁjab withdrawals advcrsely
affected the supply ‘x;&lc?gilsl,mg Sind canals.
>al h A
1, the Secretary of clined to sanction the
. L AN - . - '.-' . .
neto EhEiews o wnittee, which he
t Bombay.

In view of thi
project, and dr
recom n:mlctl

BOMBAY INSISTENT.

The London Committee's

as received by the  Government of
Bombay in March 1914, and, cptember 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 definite effect on the river level, and discharge,

at, vergat perigds of low river, 4 the critical | months,  these
sk Hayat-stitute
ey dec med to acceptdic vigws of the L.ondon omintites, as  to

the prematurencss of the schemc_} and the absence of necessity for
improving the present conditions of irrigation in Sind.

g
-

That to regard Sind as an inundation country, purely and sumply,
and deny it the benefits of a perennial water-supply, such as was enjoyed
by the Punjab and United Provinces, was to adopt a policy of stagnation,
to which they could not subscribe. '

They made tentative proposals, for preparing a new scheme, to
include the Barrage, the Rohri Canal, and the Right Bank Canals, and fora ..
new head to the Eastern Nara Supply Channel.

© 2019 Dr.Pathan. All Rights Reserved.
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’ Il.l Nauch 1916, the (; wernment of Tndia approved of the preparation
of revized phm and estimales, for a con‘x;;‘.cte proi«;ct fora Barrave below
the Sukkur goree, with two lar;’u canals, ta’xins{ (,,;f above it on the R'u;ht
and Left Binks of the Indus, to pmvidc ;)crennial irr‘}’_gation to the a;f;a
commanded.  Their letter was accompanied by a Note from the Inspector-
General of Irrization, (Mr. Netherscle, CS.1.), in which he generally
agreed with the Government of Bumhay.

With rezard to making the Rohri Canal without a Barrage, althouz

e
he considered it might be quite feasible to make such a caral to work
satisfactorily by iteelf, the risk of its siltinz could not be 12nored, and quite
apart from this, the main, and insuperable, objection to such a scheme was
that it would seriously affect the efficiency of the inundation canals,
lower down, on the {\igln bank of the river.

FINAL EFFORTS.
In October 1915 an Exec
to revise the Barragrz Projcc{'

Ry 1
outiine project, for the whol
but owing to nothing

o Vaced on snecial duty
ngineer was piaced on speciel duty,
b\ ' . 1

.\]ay 1916, submutted a report, and
yosals were approved,

916 and June 1918,

\ senior Co were placed on special
duty, 12 1918, withfa larg eanhorough soil survey of the areas
to be served. They te ! ch 1919. Ancther Exe-
cutive Enginecr, am stadfyg#7s /o Sp uty from January 1916

ne for Barrage and
the Covernment
925. This present

- i o y ) .
 site below the gorges, and for great

Canals.

of Bo:x'.!):g.’, t
project provides for a Bafrage
: anks of the river. The total amount
fes  of rupees. The general lines
and details of the scheme had Me#n discussed by all local officers, and by
the Government of Bombay, and the Government of India, during the
preparation of the ;fruj:ct and the Commissioner in Sind was, therefore able

systems ot ;.»f':r(fnnial canals d
of all estimates 1s about 183

- . ) r -

to submit the cumpl(;tc project, at once, to the Government of uombay, with
; . e . :

his ) and recommendation. The Government  of

dl agproy

Bofhibay gu xl)ittc ' Ingh ata;T ! ;t mt t of India
on Jll 020 Mst ey ¥ce nd] pItl(S it b @e Secre-
tary of State.  The Goverfinent of Ipdia submitted it to the Secretary of
State in December 1920, and the Secretary of State intimated his sanction,
to the technical and administrative sides of the project, and to the estimate:
for works, in the House of Commons on the 2nd and 3rd August, and In the
House of Lords on the 9th August 1921, There has been a great deal o
opposition to the scheme in England, engir}ecred by Dr. Summers, whe
prepared the 1999 Rohri Canal Project. His contention is that the Rohr
Canal should be constructed before the Barrage, or any of the other canals
be-ause, he arcues, that thereby, there would be large saving in interest o
outlay for the construction of the Barrage.

—~
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A [HISTORY OF THIE PROJECT,
AY, |

deseribed the present condition |
the necessity of substituting
[ the various pro-

In our three U:'\im:\ arhicles, we
of Sind, its possibilities for development,
perennial, for Laundation, irrigation, and the history o
posals, made during the past 70 years, for this purposc.
als have led up to the present cumpletc
L and for great systems of ])crcnnial
which will obtain a guaranteed supply
all the year round.  We shall now
stioned pmi('cl, which

We showed how these puop
scheme, for a Barrage near
Canals. on both banks of tl

opstant hio
aspeoes ofsthis pr
Ar, Barrage Canals of 1919-20.

The schemc Wiisiste of*the Darrage " across the River Indus,
3 miles below Sukkur, :;nd‘svwn"mat new Canals.  The head regulators
of all canals are madé mmefllately aboye the Barrage, which can com-
pletely contrg iver level, dnd keep approach channels to the

of water, ol
describe th
1s known as

canals, cleaa

THE NEW CANALS.

"I‘]\t‘ (,'&\Il{llS are (h\i(lt‘

vo systems, once on uillwr 1)an1\‘ of thc

River, viz:
| The Right Bank Ca

by 1
[)(,‘I'(‘,l'llll(l]l canals, the North

al System, comprising (¢) two great new
Western Perennial Canal, and the South
Fastern Perenntal Canal, and (b) a third great new canal, known as the
Central Rice Canal, which will tlow only from NMay il September, and

l)(‘,(GirCll\' 'l()S ) 1§ th(f l'(’l“ili“(l(" i l}IL‘ _\'('i\x.
) l,.m‘ i 1t ly‘a‘t?\\]?m\sltl;tu:t he following
ovel clss Horssdppl vy whole culti-
| }

Canals, (¢) Two large {oh :
vable territory of s Hichness The M ol Khamrpur.

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

(¢) A great new perennial ganal—the Rohri Hyderabad Canal,

THE BARRAGE.

We will first describe the Barrage itself, and its subsidiary works
The Barrage is a great masenry structure, or bridee, spanning the whal
width of the river Indus, and is literally a seres of great sluice  gates

which can b@@i@bﬂpal@lﬁ'ﬁ!‘ﬂd’m&ht‘g irklesk?\/&&.” teof th level of the rive
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above them. It s located 3 miles down-stream of Bukkur Island, which
lies between the two (lvvp river vorges at Sukkur zm(l Rohri. The traveller
by train, from Karachi to (Quetta, passes over the great Landsdowne can-
tilever bridge, which spans the niver gorge between Rohri and Bukkur
Island, and the girder }uidgc spanning the other gorge between the
Island and Sukkur. Three miles below these bridges, and  within
aght 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 pomt, himestone rock is found in the river bed, and it
was supposed that this would make a good foundation. But to avoid
dz‘n;‘pin: mto the Jw;» vorges, it was not pussil)]r to make the Barrage
in a straight lie, normal to the river.  In f()llov.'ing high rock in the
bed, the form of the Barrage had to be a rough half hexagon, pointing
upstream, and unl.\' the central portion of this hcxagon was dircctly
facing the general direction of the river. (See sketch No. 1.)

SITE OF THE BARRAGE.

The river swings from sidetto side, in different years, above the
gorges, and scldompapproaches them directlygHence. in most years,
one, or two, sidestol the half hexagon, i.e., one-thifd, or two-thirds, of
the whole length of the Barrage, would have been obliquely inclined to
the direction of the viver; this -would have caused great obstruction
to the passage of floods through it, and"would have raised the level of
these tloods considerably.  The Tevel §ill of the Barrage sluices would
also have obstructed the entrances to the gorges, and the combined
effect, of these two foans of obstruction, mighthave had a serious tendency
to cause the riverfto break throughuts banks above Sukkur, find a new
channel for itself, and desertits present course throuch the gorges. This
is what 1s 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 px‘npnscci to build this Barrage, 1S
known to be very porous, and 1s pm}ml)ly not very thi(‘.lc, so 1t 1s" doubtful
whether 1t would have proved a satisfactory foundation ; as the officer
who prepared the project, Mr. Beale, himself recognized.

For all these and-athen veaseis Tthis site o the Barfade was'not a
satisfactery ‘one land; onthe Jrefommendation "ot “the “ ohdon™ Com-
mittee, a new site was looked for.

A SAFE SITE. :

The site now chosen is an idéal 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 {ree, to swing naturally from side to side, and to find their
own channel mto 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,

3
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fnd wradually widening, channel, which gets more and more  shallof29¢ # 26
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
surveys, available for the past 40 years, show that these banks have
remamed almost unaltered, proving that the river has formed for itself

1 channel, which is a natural suitable orifice for the streams issuing from

the corges. 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, iec., it swings from side to side
in different years, so that, if the Barrage were built any further down-
stream, traming 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 autematically regulates the conditions
of the stream, above and below it. The Bm‘rage is to be built on this
Lar. and its floor will imitate the average natural conditions, so that its

effect on the miver, in flood, should be almost nil. 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 river by barely one
foot at the Barrage, and will have no eftect at, or above, the gorges 3 miles
upstream. [t is only 1n the highest floods that there could be any cause
for anxicty, as to theseffect of the Barrage on the river, and, as shown
above, this effectis negligible.

Accordingly, theré 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 Barrage foundation, or floor of masonry, will be built in this sandy
bed, on principles well understood in India and Egypt; in both of which
countries, many Barrages have been built on similar foundations. The tep
of thefloor will be slightly lower than the average natural bed level of the
riverin tha fload scéason,rbutas thedwidth will beslightly deéreased, the
waterway provided willb& almdstithelsame as m,Batural conditions, This
solid masonry floor, on whith will stand all the superstructure of the
Barrage, is protected from scour, both upstream and  downstream, by
areat 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, side by side, right across the
river. One bridge is at a high level, and 1s required for suspending, and
operating, the great sluice gates of the Barrage. These gates, of which
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there will Le 00, are each 63 1 /4" long and 18 [/2" high, are built ot steel
atiders andd |»l.il=:':s, and will weirh .llx(ml 50 tons cach. 'II'I'.'.‘ix ends shde
mn CroOves 1In ll'.v pim:\, and llxa-\ are SHT%[H‘H(’('(! on steel (‘nH(‘s, counter-
balanced by ereat weights of reinforced concrete, frem the ('l('(:lri(ta“y
olmulul machinery, fixed on the deck of the I\i;:l) level !)ridg{c. The cates
can he l«m‘vu‘({. to rest on the “wm‘ of the l’mn'ag;v L or raised right up, till
they are 8 feet clear of the hiz,::n'.‘l cstimated Heod , or ll‘.uy can be set at
“]l'“ mtermediate level, And every cate can be operated independently of
all others.

The Head Rvgzuiu(m's, of all the carals, are sitcated just vpstreem
of the Barrage. on either bank.  Whercver the river is at a ve ry mrcderate
flood level, 12 fect on the Rukkur cavee, it will be high ercugh to give the
full level to all canals, and the lz.ll'l'(l{.:(' will not be needed.  As scen as
the river rises to that level, therefore, all sluice cates of the Barrage weuld
be rarsed, clear of the river, ard the hatte ¢ left urobstricted.

NEW ROAD BRIDGE.

Side by side with the high-lcyel bridge {or the gates, is arotter bridge
at a lower level, Canying b ru:ulw;xy forvehicular tratke,and two fcot-patl‘.s.
It will connect ‘the, matn foads on the Richt Bank,” fsem Shikarpur ard
Sukkur, with thos&entthe Loft Rank frem Rohriand Kkairpur. Tke high-
level and low-level bridees are carried on the same piers, and are of similar
dcsg;zn, m limestone masonry! The lengih of ecach l’)ridgc 15 4,926 feet,
or jusl under a mile; or ahout 5 tunes the lcngth of London Bridge. The
parapet of the lxig.’1:~level brfdge 1577 fect above fcur.dat?cns, €6 feet akove
the Hoor level, 2p@@28eet above the hiokesylflocd level. The rarapet
of the road-brigfC st t lower—cr 19 fcoraBBue. [Me higkest fleed
leve!.

The whole superstructure willlFe built of Lf!'caln_\'~W'hitc 'mestone
masonry, with t'lip(:'cai ;1:«'5:(‘«. .n‘d re!ievina hutlwssts and string CCUrseEs,
Tt will present a very fre appearance tossive but e!cgfnt, ard will barmre-
nize with the vivid L'o!::m'ix:g on this fine stretch of the greal xivcr, w!‘ich
Is one of the few !‘(';1“} heautifu! spots, tgz:‘au«;i‘uut its lcr.gt}\., in Sll‘(J

FEEDING THE CANALS.

Immediately aboye the Barraze, en both banks, ccarmence the kead

regulatfrs ofyhe great]cafaley  bosy dre at right angles @ the TRamrage,
and coRgist of great masénfylwar i€ tstnilatin al dediand and appearance,
to the Barrage itself. The opfiines between piers are each 25" width,
and can ke partially, or wholly, closed by tiers of three steel gates, working
in grooves, one behind the other, in the masenry piers. These gates are
so arranged that they can he 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 bottem water of the river, which 1s heavily laden with
silt. The lowest gate can be completely lowered behind a permanent
masonty sill, which stands from 6 to 9 feet above the floor of the Barrage,
so that any accumulation of silt in front of these sills cannot enter the canals,
but can be drawn throveh the Borrose sluices. and passed down the river.
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The gates are saspended from machinery, fixed above, on a special
high level bridge, as in the Barrage, and all gates will be operated electrically,
Behind the gate-bridge, will be a lower-level road-bridge, on the same piers,
to carry vehicular and foot traffic over the canals, to and from the Barrage

Road-Bridge.
COST OF RIVER WORKS.

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

Between cach 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 1,160 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 poinls, as far as the natural roci:y banks, at Sukkur and
Rohri respectively.  The river banks will also be heightened by earthen
bunds. on both sides of the river, thewriver-side slope of the bunds being 1
continuation of the natural bank¥ef'the river, (which will be dressed to
a rezular slope ‘of 130 Iy before the stone pitching s lad), and similarly
protected with stonefacine: - The top of the ‘bundstwill be 25 teet, or
479 feet wide, and will form splendid river side roadways, connecting the
towns of Sukkur and Rohri, respsctively, with the Barrage Road-bridee,
and thence with one another. Onitheé downstream side of the Barrage,
short curved guide banks will «ran from the abutmeats, to meet the river
banks on cach sidés "The estimated cost of all these ercat works on the
river is Rs. 569akhs, or say £3,800,000 sterling. “The Assovan Dam
cost  £2,932,000
THE GREAT CANALS.

Some brief explanation of the system adopted 1s necessary. In
parks of Sind, there are great areas of country which are cultivated almost
exclusively with rice crops during the flood secason. On such lands,
water is not required at any other scason. A second crop (of oilseeds)
is often grown on rice lands, after the rice 1s reaped, but such crops
require no watering, as thesoil isalready thoroughly soaked by the rice-crop
waterings, Whichre Jery heavy.  On gthey great argas no rice 1s grown,
but duringlthe flaod (or KBatif) defison, othed Clops, suthad chttofr-owart,
bajri, etc., are grown. These ate us.z.m]‘ly klz’wwn by the niisnonter™ Dry ™
crop, in contra-distinction to the Wct crop, Tice, whxcl.) is_grown
in 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.c., non-rice area), thq maxtmum area of
rabi crops, will be not more than 2 to 3. times the khanf crep area, and as
rabi crops requirc about half the quantity of water taken b_v. khanif crops,
the total quantity of water requircd for rab1 crops, on any given area, will
Le about the same as, or slightly more than, for the dry khanf crops on

that area,
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Now if one canal “M'li"* both rice arcas and dry crop areas, the canal
must carry, in the khanf season, sufficient water for

() the r.ce area,
(/") llx" Hh\'if Crops= on th(: . (lry B area,

And in the rabi season it will only require to carry sufficient

water for the rab crops on the (lry area, L.c., about cqual to the
waler l'("]ll}l"v!] for (1)) above.

FHenee if the rice area is large, the canal will have to carry a very
mnf_‘h i:n'tf.-*r «’;w;m?i?\' mf waler, in thc‘ H;zu‘if SEeAson, th;m in tht‘ ral_)i
scazon. 1t 1s impossible to work a canal, satisfactorily, if the discharge
required in one season is very much less than in another season ;
i\in; . constant level is required in the canal, to give flow water to all
ands.

Now on the R;gllt Bank of

Barrace, thercis a very large ty

by or, in the arca commanded by the
ice lands, in one compact block in
ine lands, on all sides, are suitable
all these s gvere supplied by
quire @diseharge, y Pseason, of 19,446
,ﬁd),él_xld.in thg‘.rabi nly 6,164 cusecs.

nnwor kable.,
’ _—

the middle of the arca : while th
{m' - (];'{ y l\h
one great cana ‘
cusecs (cubic feé
Such a canal wou

rabr cropse

A RICE CANAL. ' 'v;, -
s, thereforer becn desig
only. and 1s kn ¢ Central-Rice Cana | have a discharge
of 12,346 cus tipari SOt may at the maximum
discharge of r L hancs deegust under : secs. 1his canal
has a length of 87 miles, with29 f branches, and 48 miles of distri-
butaries. At the head of thé it will have a bottorn width of 291
fect, and at '_,{mmul Jevel 330 fe d a dcpth of I?_:f feet,

[For comparison, the Suez Camalis 72 feet wide at bed, and 202 feet
at surface, with (]L‘p'\h 20 feet ; and 1s 99 miles ltngtlx.

A separate capg i:.upply the rice area

y

The Manchester Ship Canal 1s 120 feet wide at bottom, and 172 feet
at surtace, with (lvpth 26 feet.
d
(8

The QentralfRie anal 15 providedgwith 7 ¢ross;regulators, with
:1“ ofl wliic l]f(ﬂl T (@y)&t’ tIﬁStl‘tu‘t@ theSE,
there are ¥ oufier “hridoes over the canab. & Hhiveanad Sseae désigned
to supply rice and other kharif srops only, will be opened in Apnl, and
closed at the end of September, cach year. It will supply 466,102 acres
of rice crops, and 27,201 acres of other kharit 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 area,
and the other—the South Eastern Perennial Canal-—to suppl_y the areas to
the Fast and South of the Central Rice Canal area.

The North Western Perennial Canal will have a maximum dischargc
of 4313 cusecs, and a minimum of 3,275 cusecs, in the Khant and
Rabi 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 fect, and at ground level 200 fect (about the same
as the Suvz Canal), while the depth will be 91 feet. [t will be provided
with 9 cross-reculators, with all of which, road-bridges are combined ;
and there will be a further 9 r‘().'1(1~]>1'§(!g,§c.s acCross the c;m:i]. T}‘-C Canal
will flow at full level all the vear round, and will supply water to 215,000
acres of cotton, and other " dry " erops, 54,000 acres of rice, and 546,000
acres of rabr crops, (wheat, otlseeds, etc.), or 815,000 acres of cultivation,
annually ; or a greater area than the whole of Gloucestershire. Its esti-
in'lt(‘(i cost ', i(; 1,67,5()(?3), (¢} 3ay i,!l ]()()()0
The South Eastern Perennial Ganal will have a maximum discharge

9T A \ ‘ 2 \
of 2,767 cusegs, and a minimmadischarge of 2.U36 cusecs, m the
B . | - . & y 11 N

I\.}m'nxé and Rabi“Seasons, rcspectively. Iis_jéngth™ wll be 140 miles,
with 50 miles ofSbranehes, and 294 imiles “of diStributaries. At the

{
h-c;\zi of the Csma!, s bed  width awaill be 93 feet, and at -;_gz'ound ICVCl
about 135 teet, whilerthe dept!l witl be 9, feet. It will be yi'o\'idcd with
9 cross-regulators, with all of svhicheaf€™ combined road-bridges ; while
there will be a furthemns?3. road-hridges, spanhingsthic canal. The canal
will How at full IoyéFallehe year round,and willSsupply water to 11,000
acres of cotion AN othel* dry "“crops, 41,000 aenes ofxice, and 347,000
acres of rabi crop®Whe L, ctc.), euad?.000 acres of ctiltivation, annuaily ;
or ug;xin, :4“%.3:’11]»' greater than thowhoele arca of Surrey. [ts estimated cost

is Rs. 1,41,00,000, or say 9408008

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 separating, the Rice Canal area, and the Perennial areas.  There
will be, altosether, 115 miles of Main Drains, and 280 miles of Branch
Dramsd  Allythese c'\'en'LuJUy' dischar';.:‘e: mntofthe greal Manéherdékesat the
extremesonthend of thellu€l, Vi@ this L Ke Jo Fycat hightidvel drainage
channel, 1,000 feet wide, witl® low-levél drainage channel 100 {t. wide,
and 10 {t. deeper, excavated along its centre, 1s provided. T hese channels
will be 121 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 15 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
periods, but permit them to flow into the river, as soon as it falls suffictently.
The cost of this drainage Channel and Regulator is cstimated  at Rs.
78,31,000 or say £522,000 (apart from the cost of the Main and Brar;c)h

als).

Drains in the Canal aveas, which is included in the cost of the can
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THE ROHRI CANAL.

The Rohri will be a perennial canal, flowing ot full level all the year
round. It will have a maximum discharge of 10,250 cusecs, and a minimum
of 8,800 cusecs, in the kharil and rabi seasons, respectively. Its length
will be 205 miles, with 203 miles of branches, and 2.100 miles of distribu-
tartes. At the head of the canal, its hed width will be 233 feet, and at
ground level about 290 feet, (nearly half as wide again as the Suez Canal),
y whileits depth will be 13 feet. It will be provided with 16 cross-regulators,

with all of which road-hridges will he combined, and there will be a
further 44 road-bridges across the canal. There will be 398 miles of

| . . - . . . .

: Main Drainage Channels, and 371 miles of branch drains. The canal
‘ 11 777 OO0 - o o Y1 A0
| will supply water to 677,000 acres of cotton, and other “drv” crops, 21,000
|

acres of yice, and 1,353,000 acres of Rabi crops, (wheat, oilseeds, etc.),

. i) \( i . a . '
b, or, to 2,053,000 acres of cultivati nnua”y : or a greater area than the
‘hale ~f s Flac ) - * 13 7 . 3 - b i
y whole of the Fast and North Rid Yorkshire. Its estimated cost 13

1NQ v AN r
Rs. 408 lakhs, or say £2,720,

THE EAST

Theworks 3 ,éph?m,m-ennsist‘of a v Supply Channel,

from the Barrage, W heexisting Eastery N River and its branch
canals. The Nara River willh capahzéd, throushout, by the construction
! of banks on both sides ; antial L5 tag brapch canals will be enlarged,
‘ or i‘(rlnr)(lc“c(l, an 18w Brarrch ebnstructe £38 branchf?s, which
"

are themselves o s, ncludethe 'imva

. =

T ones s feaesign

from one, or o he threc SRISHIRC weirs on the
: ) ¥

will enahle the required sup;u' ;

and Thar Canals
21 all be supplied
Nara River, whic! ﬁ
iven to each, at a constant level,

l)C%!(zL‘n‘ a num

; throughout their Irrigating  sens he Thar Canal will he greatly !

¢ crﬂz_u‘:cd, and remodelled as a Ri nal ; and will flow only from Apnil

i to September, and be entirely clo®d for the rest of the vear.  All other |
canals will be perennial, and will flow at full level all the vear round. |

; The new Supply Channel will have a ma ximum discharge of 12,200 |

; cusecs, and @ minimum of 6,612 cusecs, in the Kharil and Rabi seasons, P

v respeciively.  Lhe length of the new Chagimel will Leel3 miles, and the

* can nath of thel | a’twin81t,1xtuﬁ@nlea

§ The S }ul inelw e ¥ bl th BEBIONAY Ind 280 e level

a width of about 390 feet, orfhearly double the width of the Suez Canal. ’
Its depth will be 111 feet.  The total length of all branches will be about
495 miles, with 1,240 miles of distribuiaries. 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 irrigated areas, there will he many bridges ; but none
exist at present, or, are necessary, on the main Nara River, as it fHows
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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other vy ™ khant, (including 31,200 acres in the Khairpur State),
240,000 acres of rice, and 915000 acres of rabi, (wheat, etc.), or to a total
of 1,561,000 acres of cultivation, annually, or nearly equal to the whole
arca of Devon, the third largest country in England. [ts estimated
cost 15 Rs. 2,39,92,000. or say £1,690,000.

IN KHAIRPUR STATE.

As the present sources of sup ply 1o the existing inundation canals,
in the territory of His Fishness The Mir of Khairpur, will be interrupted
by the new British Rohri Canal, and as His Highness very wisely wished
his State to benelit by the Barrage, two new fe eders will be constructe‘d
to 5“:’l)1_\’ the whole area of the St ate, under the entire \ll})(l\h!()n and
control of the State authorities. His Highness the Mir has agreed to pay
a share of t]n cost of the Barrage, whatever it may amount to. The
whole cost of the new Head Reat s, and the new leeders, for the
State, amounting to Rs. 20,4000 ay £136,000, will be borne by the
British Authorities, s | flichned ir has permitte d the passage of the
Rohn C:m::l, for a lenfzih of 30y uegh his *tat(‘ which hies between
the head of th ) the areaat-will 1rrig qtish Sind. No
1rrigation will b ’ ' Canal, as His
Hi;"nncr::; prcfux { o share of the cost
of the Burrww- debifa culated as follows.

f"q,wn scparatesyst
to t}n tabe, 'hl\ been

For the B xm sh™Canals, eac 1H ” e debited, with a share of
the total cost of the L rase, In anufﬂmn Lo otal final anticipated
arca of cultivation plua rabi, - to he Clo ch canal.

rpur biat(,. the ard
Fedy has b

no charse bemge made lc o UETY
plu\‘ulul for. 1t desired, the

May untid December. Hw sup

- 0 . v
acres of cotton and other " dry 7 ¢f

I ;},. cas its share of the
ultivation only ;
;lMc }\;);:i-l‘d)i Clrops Which are
flow [mm the l)(‘f.{illllillf_." Of
rovided 15 suthcient tor 303,000
, and this s the higure on which the
State's share of the Barrage cost is based. 1t will amount to about Rs.
23,960,000, or say £160,000.  But the water provided, is also sutheient for,
at least, another 175,000 acres of bosi-rahi u'np\ or a tnt 1] cultivation
of, al fc ast, 4760 J acres.  Lhe State has asked for unl\ 1,000 acres,

annua i h(‘ uf the water ppl§ can l)c e tnl\ RTIRE mtc.td
s lork o aya at Institute
the k

7]1(1( wx” be two (}mnn Last, anc \‘( est, l\lmupux Feeders,
ene on either side of the Rohr Canal.

The West Feeder will have a discharge of 2,094 cusecs.  Its length
will be 11 miles, to the pomt where it meets the existing system of canals.

The Fast Ieeder will have a discharge of 1,940 cusecs.  lis length
will be 12 mules, to Khatrpur town, where it will meet the existing canal
system.

ban age has l): Cl N as i[\v

These fine feeders, with their guaranteed supply, will provide for
a vast development of cultivation, and increase of prosperity, in the State.
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S .
The present average cultivation is less than 200,000 acres per annum, so
this can be increased by nearly 150 per cent.

SOME TOTALS.

Thus it will be seen that the Sukkur.BalffagC and Czlmal.s Project
provides suflicient water for the eventual cultivation of the following areas,
in Britsh and Khairpur Territories.

823,000 acres of rice,
1,739,000 acres of cotton, jowari; cic.

3,338,000 acres of rab; crops (wheat, oilseeds, ete.)

Total 5,900,000 acres of cultivation, annually, in 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 tofalfeost of the project will be Rs. 1,836
lakhs, or say £.12,240,000. Fo rison, it may be stated that, the
total area of Egypt is 8,460,00 while the total cultivation 1s
5,400,000 acres. Thus the Sg arrage Urojegbwwill provide for

500,000 acres tion, annually, th t present in the
whole of ligy[‘)t.

In our next ar

ultural, and economie,
aspects of the project.

Gul Hayat Institute

v
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TS ECONOMIC ASPECT.

V.

As aln-n({j\' v.\i‘lzaim@f, i onr st article, there s a ldl'!_"C areq, on the
xi:;’ht bank of the River. which vice has heen CTOWI, a]nmst (‘XC'“Si\'i‘l,\'.
for many years pas!. The greater purtiun of this rice crop, l.t‘!"llll‘-il|t‘l.\"
s i{x a compact block of country, for which a separate rice canal has been
(.lt_‘almlt.-(]',_ and all such established rice Linds will he given a guaranteed
.‘-\U}‘i!ll}' ()* \\'c:ﬂ(,‘l', al constant I("\ (’1. il[l(.l 3““)1'\‘ [0]" [h(‘ crop, [U!‘ Qa l()ll}.‘.’(‘l‘
season than it now vets a verv uncertain xu;;piy. The existine inundation
canals, sum,-}j\'im: rice lands, are extremely and unavoidably wasteful, owing
to t}u"’ Hluctuation i the water level of the canal.  The ulnlx.v!.\‘ and dis:ri‘-
butaric s have 1o be made isn';:c enough, and low vnvuuh. to takea moderate
supp’.}: trom the canal, when the water level in it 1s low. When the canal-
level risesto full supply, or ahov any  of these outlets talie {armore
water than neceszary, especially it channels ran nto low grounds.
Such surplus water does litdle, or |
d(jpri';cs hicher lands, and landsfu
Toreover, the zg fearing ¢ ing > drop 1n the

y R

to the crops it supplies, and
- . h L "

wirthe canal, of their fair suppiy.

supply, and wili®
still giving a cood supply 10 the ¢
new canais will be much moreeco
the supply of water ailowed for eac
1s actually given, throughout the sea
rice canals m t}l;:s area 5 o l}m!_, with
of the water level, it should give a very liberal water supply to the crops.
The *“duty 7 of water, for which the new canals have been designed, is
: sutary heads, to every 431 acres of rice

~ I"l(‘!l'{'\‘, \\‘hiic
| the lime they are growing, the
han the present ones. Lven so,

n several existing, and successful,
he future certainty and regularity

for onc cusec of water, at distril
crop. Lhe CXlstIg Jul_Nahomed Wah Ives an aclgal duty of 44.9
1 1 )

acres p lc] hi h a 12 nStIt )t Sece.
2% o . hutAhlwe 4 u ‘eies,

Both ca : the : 1
depending on the level of theFiver, and must, therefore, be wastelul.

They correspond to distributaries of the new system.

PLENTY, BUT NG WASTE.

The proposed ** duty " is considerably higher than the present arerage
duty, of the rice canals n Sind, but as explained, the present canals are
wasteful, with no advantaze to the crop. Their low duties are due partly
to excessive supply at some pericris, when oreat quantities ot water run
into depressions, and waterlog the countiy.
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The advant
. antages of the constant « :
will he VeIry oreqt ) ’ll | h( ]u”udnt S‘UP.PI-V’ to be given ,H‘ the new canals
. ver. at. 1 he date of opening the canals. each vear 1als,
announced 'vv(‘rkc; !)(\{(‘).‘L' ] ! dnals, ecach year, \\.—1” ]}(.
when 1o i ke ”' f"”'m(‘: =0 ”‘jﬂ the cultivators will know exactly
much v'n'h': “I W preparations. The canals will open early ill‘ i'\l‘l‘il
ke ] UdL \an at present, enabling the cultivators to sow their ceed
’ 44 -C / ,’” YU Y . ‘ ' : ' N
conr Ib“}'('m]tl g1vEe their crop a long scason, at the most suitable time of the
B (o ) . S ST - N
of Septembe .)”‘" }””‘ th_‘r.'v are ()[‘)f‘n("(], till the dav they close. (at the end
“Lpttmber), the cultivator will be absolutely certar Hbtaint !
fll supply, o fol level forcr absolutely certain of obtaining his
- ﬂllcixﬁ,ﬁ( ]‘\'V,” cvel, }or “-*‘l C'}'OPS ;lso that all the present uncertainty
Sriatien wili vanish, and the caltivator be sire d crop, sc
far as the water jo concerned. - sure of a good crop, so

LI Vs e
O} I‘li‘.R RE.CL'J (JI/XNA!_.Sa

- 1.}'\(;3"" 1S 4 ‘»:’;!m.}u.r are.a_, ()f
Degar Canal, and this will be
Canz:}. and be given a similar
Another similar rice area exis
by the Thar Canal. Thisfcana ertlarged and re
ih}‘ tract as a iy, Omalbthese rig
will be given, a Is will be closed
there will he a [art olht/of dubari Crops,
lands after the ricescrop’isd édtmnd which will erow on these saturated
lands without further watening. sSUEH crops are not only restorative to
eat advanlagﬁ'gf takinggapeand utihsine the excess
hy assistthe drainag ons, and the preven-
orderstosencourad 10 water rate will

purely rice Cu}livatiun, at the tail of the
pplicd by a branch of the Central Rice
oply from April to September only.
e Eastern Nara System, and is fed
wdelied to dcvelop
rabt water supply
ober to March, but
ops grown on the rice

the soi], but have t

water in the soil,
tion of water |

be charged.

ANALS.

he supplic:l by-rice canals, there are
ation i the areas to be served by the

RICE AREAS ON PERE

Besides these purely rice areas
considerable patches of rice cultiv
new perennial canals.

On a perennial _gzma],
Lakes 1t difficult to obta

rice 1s a very extravagant crop to pruvlde for,
i a more or less equal demand for water

and aiso ) . B ST
}“’d Jl, ( . tj b hE Khags{ and rabyscasbus, since tH% gice arga requires
xr()nlb-: : ; -L‘n s ric L enc u[alesg II ])1?1] I@JII.&}S,
o ‘ Itivated with rice, for ten yedTs, at the tune

but all lands which had been

of the soil survey In 19i
had been ctarted within thos

: 5 ly, an :
. ‘che claim to a rice SUppiy, @i . ave been’ ned at
('Slab{hS};%d a{or this is that, such new ricc crops have been obtamed ¢
cation ;

justi s ¢ ¢ canals, who are
justi { i [tivators, at the tails of the presen
' the cultivator = . ; are nearly all fit for
~t,he exp?}s'e r(')rmfned . and secondly, that such lan‘di 'areqr;:n Vay e ot
’i'ncre]ﬁ )C'l,.nbn e ; for wheat cultivation m the rab: Scii[N t’herefore b
arir crops © ands will, »
Othell: mlfke thé areat rice areas. Such new rice ande il b erope, but
alkalme, B¢ 7 Opp]y for other kharif crops,
‘ven a waler su e Aces
s e,
w!

! sven a Il Iv. Rice crops, which
018, will b given a rnice supply. ! .
1 . constdered as having

e ten years, are not - .
d will not be gven 1t The
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| U‘IC colton, and other kharif, crops are usually grown on higher lands
than rcee, and are, lb(‘rcinru, still more lmndicappcrl by a fluctuating water
l(“\'lcl i the canal. Naturally, therefore, the cultivator takes as much water
;I\mu f:?:?:}:,lili:inﬁ(f,«\?lhm({‘vérit is available, to tide him over pmbahlel
quantity of wvntﬁovr. m:i('(" “}i]\( (:l‘ present conditions of 1m.gatxon, the actua
bound io be \\’N‘c‘:ul Tml t..<.d s‘cason, to produce a satxsfactory crop, 1sl
i the cam"‘l wil'l t};\ s Kc‘a' vantage of a rcgular and constar.\t water leve
e WL DE Very areat, and lead to much more effective use of the
water, [hisis .‘nrmd‘_\' shown, 11 Sind, by the much higher duties obtained
on the Jamrao Canal System, (which 1s partially secured by a weir at Jam-
L ary immdatio_n canals of Sind. The average duty
obtained, at the heads of branches of the Jamrao Canal, (which correspond
to the L]nst.!'l})Llh‘;i'l‘\‘:% of the new system), 1s 85 acres per cusec, while three
of them give over Y4 acres per cusee, and one, over 10J per cusec. For the
new syslems ol canals, which will have an absolutely guaranteed level
‘Lmd slipp’;;', tm‘_thc whole year, the duty on which the distributaries have
been destened, 188%aetes per cusee ; a very slightineréase over the actual
present average, omthe Jamrao Canal, with itsill-secured supply, and much
below the fizure adepted in the Punjab, where the designed duty, at
distributary heads, is usually taken-as'100 acres per cusec.  For successful
cotton cultivation, an assured supply, ferearly sowing in March and April,
and for final wateringsan Octobsr, is essential, . This is never obtainable,
now, on the Jamudo Canal, but.will be gnaranteed on the new canals.
The other kharifferops sueh as jowar, bajri,fete., require about the same
qu;m?itf;, per \‘.'aterings, as cottoi, but for a somewha! shorter season.
The same duty of 87 at distribitdryheads has been allowed for these crops,
nd will give a very liberal supply, ashit will be certain, and at constant |
evel, whenever required.  In evelly aéw canal, the design has been worked

the tail, w_,;'.‘-;.‘sz‘(,’;s . each distributary being given the requxred

X 1
11::)‘ than on the ord

e )

R S
out ifrom
3

supply for the area to he arown on i, and the branches and main canals,
:‘“x’-"’ . - it B o . . i ', ,.‘ > cvryr :

from which the distributaries are {ed, are designea to carry this supply
for all distributaries, plus the losses due to evaporation, and percolation,

1mn su(:'n 'f)‘ra}m‘!:-afs ,g‘nd main Ci‘all‘d!.\: ; z"\gcum{cly C-fliCl.llatgd‘ fmm t}_’leilj 1ength ‘
and witted Jefirhetel TThetotal kbard supply, l‘QCiUlt:cd ofy ez]\ch distributary,
is found-by-caleulating fie ;‘Uppl\_v tequired oy ricd lands, atla duty of
431acres per cusec, allowingYor 39 pey cent. of the rice area being sh.o.wn
in April, (that s, ample for all seed bedls), 75 per cent. of the area requiring
full water in May, (i.e., transplantation proceeding rapidly), and the
whole area requiring full wate'r'thrgughout June, July, August and Septem-
Ler. For cotton crops, provision is made for 70 per cent. of. thegull.larea, .
as requiring full supply in March ; and the .wholc aria from April to
September ; while 80 per cent. (3f the arca 1s aSSLlill]eL tlo req;}re Wa}:elt |
throughout October, (the remainder being rc{aaﬁerv ealr}il).b or ,ot (131
lharif crops, it is assumed that or}c-sxﬁth of the uf a}:ea.fwll‘ e v'eri\ea-r]y.
sown, and require water in March ; 75 per cent. o‘t lgﬂ?’ i ;reafm : pl; ;
and the whole area throughout May to September. is is a far longe
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1 results, cspecially with the ample supply allowed, at constant level.

!

i THE RABI OR COLD SEASON CROPS.

\t present, there is o canal in Sind, which has an assured supply of
water in the cold weather. There are only four canals which have any
-“‘{'I’PX_,V al all, throughout the vear.  Of these, the Sukkur Canal and the
i u]vh.( .[!.lh'l'l have only a very small cold weather supply, (a mere fraction
of lElUl‘ .qu summer discharge), at a very low level, depending entirely
on the winter level of the river, But these small supplies are fully utilised
and cagggr‘!j‘f’ taken by the cultivators, for growing Crops of wh(:a-t and oil-
secd:;. “rr; other wo canals are t}lc I\Il‘thrzxo and the ]ammo Canals.
L?oth are »nppos;cd l<') obtam a regular cold-weather supply from the
11;('15&‘3‘11 ‘N;n‘u vag:r, headed up by weirs at the heads of the Canals.
But the Eastern Nara River gets its supply from the Indus at Rohri, and
as the Indus 1s at present uncontrolled by any weir, or barrage, the supply
entering the Nara Supply Channel, in the cold weather, is extremely small
N many years, and in some years has failed altogether. The result is
that, the Canals dependent on itthave never had a regular, or reliable,
supply in this season. 'In the first few years after the Jamrao Canal was
opened (1901), the people expected a regular cold weather supply, and 1t
happened that the Nara Supply Channel worked fairly well for those
years. As a result, the rabi sowing increased by leaps and bounds, from
nothing, to 132,526 acres in 1905-06, or to about 75 per cent. of the
maximum kharif cropes Then came.years with'aspoor water supply in
the cold weather, and this destroyed the confidence of the cultivators,
and ruined theirierops; so that sowing decreased inthe following years.
Although, since then, there have beensome years with a good cold weather
supply. the cultivator has never regained his confidence, but, remembering
how often the supply has failed him, has restricted his rabi sowings to
a comparatively small area. But there is‘ not the least doubt that, once
a good reliable supply 1s provided, and the cultivator has confidence 1n
it, and can foresee his requirements of labour and seed, the rabi sowings
will increase enormously ; and eventually every drop of water available
will be utilized. This has been the invariable experience in thfa Punjab,
and elsewhere, when arrehable perenn_ial supply hfis been substituted for
an irregular inbAdation supply, /Rabif cropsfréquire anly aBout(Ralf the
quantity of water that is réquired foreqtial areas of cotton'and other kharif
crops. Hence if the canals run full ih the cold weather, they can provide
sufficient water for twice as great an area of crops In the rabi season as
they can supply in the kharif season. Such an expansion of the rabi (leoll))S.
(at present very small), will take place gradually, and 1t 1s esn{nlate l t bat
the full area, possible and provided for, on the new canals, will only be
reached 30 years after completion of the canals. Judging by CXPe}fle?cﬁ’
in the Punjab, this is a very safe estimate, and it is probable tl‘hat the fu
area will be sown much sooner, and thereby greatly increase the revenues

of the canals, as well as the prosperity of the people.
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PRESENT CULTIVATION.

The present cultivati

. presa itivatio
i the different arcas (s:;n! ):L‘}E)CL mnanded areas, varies considerably
he water supply available. Th clow), and depends almost entirely on
\‘atcn""s are never ;n.mlbl tu\’ in the Rohri Canal tract, where rabi
in the rabi season is very <'1L “mm the p esent canals, the Lu'*n\ahon
rab: season, by giving the 1. md' aTd is bosi rabi, i.., crops grown n the
kharit season, before \O“m:’n : only a heavy watering at the end of the
wells. Even thl\ crop 1s eag t]‘e b S and perhaps as sisting 1t from
On the Right Ba §~, cageriy grown, w herever water can be obtamed
 almost § nk. there is very little rabi in the rice areas and this hittl
s almost entirely unwatered dubart. The % dpcC Enis B
watered rabi, as they a heavil ! ] ¢ nu areas are not At to grow
\oxm Western Pere: ‘.l} éi““{l.‘ saturated for the rice crop. In the
supply a\ulluilc In mini of 1?1861 aredi tt‘”; ) all b
bt cultivation. thc, \ canals, and this is eagerly utilised for
Lh&lh UO} mmw 1 }XL\U]} U tmm l e Ot X’abl crops to two ©
is Cim.hc \t y I‘nC\I:‘\e‘OO for mundatlon -anals. The rabi
In the S ¢ ase w aranteed water suppi\ is available.
. e South Eastern Pexenma area, the proportlon of rabi crops
1s abnormally n mun ation canal tn this is due to the
lonz “‘}”“dc st _lving outside t ds, and the lands
LCN“:L the great Mt Lake \lost of thes re flooded annually,
v the rise of the mver, and amof be cultl - in the kharif seasen,

bUt are ‘“ ‘“L‘HL fora rabi LrOp. a cnrraa the water drains back into the
Iready accustome

falling niver. Inth acts. tfvg,refo the people are a
to doing far mor, n khant eultxvatxon. ollowmt7 table shows
the average cu thc five years en

PeR CANALS.

Pcrum age Kharif and
of Rabi pro-
Rabt Total  culturable portions 0

ation. cultivation. area tota
kultnatnd guhwatxon.

79°20 ]7 )90

In Commanded Area of .
culnu'l n. culm

Rohri Canal . . 64358l 92,030 741,231 29°2°,
125%
VW, Lan? 221,042 104.850 326,502 337 t3>§‘;‘o
ul Hayat Instrtute %:
"o
S.-E. Canal S 1 UTe 5300
. a2 ¢ TN 0 (O 0
Mithrao Canal - - o *103,00, 23,000 126,000 23'6% ?éog
33% 64%

161000 90000 251,000
30"

Jamrao Canal -
and 28,000 other Khant.

RICE CANALS.
259,470 46,974 316,457

Catral Rice Canal .
51.230 Nil. 51,259 33% OQ%

* 73,000 acres 1s rice cultivation

Thar Caml -
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B(‘{un- the cons !

ekt e construction - the !

It')}:‘zﬁ»lolrlt[:q“}), its conmanded an(:f \IAV{'):: P"”"f””“l !‘UW” (;;hm”h LT
o \ s pommanded area a scrvu]. })y‘lmmdahon canals. The
cent. rabi. and 75 per ¢ : _ ;\!}1 the total cultivation was then about 25 per
cont. 1abi, and 73 l;cr Lmlt }anf; whgrca}‘ in 1915-1916, with the Il(‘\‘,v
cent. was kharif, alt! f(‘“ o S oy e
““g. s s ’(_U.C(,l;()!';:frl.tbv a?ual area f)f kharif had greatly increased.
duction of a perennial wfz?if :u[]);?)i cultivation which follows the intro-

.

PROSPECTIVE
DEVEL OPMEN'(r:.ULTIVATION AFTER FINAL
ucting, from

The culturabl
> urable are: v ol -
the gross area (}_’i‘f ii(«l‘ of any given tract, is found by ded
ol ;'\”vny) d )1 :Itf(,,' t;act, the total }ln(:ultul’ablc: area, (as found by the
o Ew g n;»u so a further deduction of 6 per cent. of the gross ared,
e Cu!“‘vf:((nuto occuplcd by canals, roads, villages, ctc. The intensity
Tflerent ‘f‘\.)lnl o be provided (or, in the culturable arca, varies with the
rin‘}lw ;{‘td“d systems, according as they are to supply a Jarge area of
e lands, or not. Distinct rules are used for
(a) TheRohri Canal. ‘
(b) The Perennial Canals, of the Right Bank;iand of the Eastern
Nara, System.
(c) The Rice Canals,
Nara, System.
The rules adopted are as follows i— :
p g 4 L R ’)J{)f

(a) The Rohri Canal.

nt. of‘the culturable area wil

Fasterm

of the Right Bank, and of the

g 30

| be provided for cotton and other
About 1 per cent. of the culturable area will be allowed

only the present established rice area.

will be given rabt
per cent. of th

27 per ce
kharif cultivation.

a rice supply,—i-cs
54 per cent. of the culturable area

total intensity of annual cultivation wil! be 82

area.

supply, i-e. the

e culturable

() The Perennial Canals of the Right Bank and Eastern Nara.—
The area of established rice cultivation, (as found by the soil survey)
is ass@med oy be 95[ pef cent. of the areas suitable for rice, the balance,
5 per Cents, being depressions, and Gécasional futlows. 4~ Thé-rice cultiyation

hereof multiplied by 100-95to give the area of Irice | lands! This
d from the total culturable, Jeaving the balance of culturable
land, suitable for perennial -cropping- Of this perennial cqlturable area,
on any given distributary, the total intensity of cropping I8 taken as 82
per cent. (as in the Rohri Canal area). Outo this total of 82 per cent.,
the ratio of rabi to dry kharif 1s varied, between 2 to ] and 3 to |, so as to
he channel, as nearly equal as possible, to the

give the rabi discharge of.t
total kharif discharge, (rice plus dry khant).
Nara Systems™

(c) Rice Canals of the Right Bank and Eastern and 10 per

90 per cent, of the culturable area 1s taken as being rice lana,

areais t
area is deducte
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Of the rice lands, 95 per cent.
of the dry kharif jands 3
al cultivation 18

cent. as being switable tor '

c 1“(;‘ X {1?2 s,u‘n‘l wble for dry kharit crops.

is allowed for nce cultivation every year, and

. ., . . i ’

41..))5?’50?1“' is allowed for cultivation each year, so that tot
5 per cent. of culturable, annually.

DISCHARGE OF CANALS.
The full designed scasonal discharges, required at canal heads, for -

,{hc_ ﬂngl development of cultivation, as above, are shown below :
Rab: Cultivation

Canal. Total Kharif Cultivation
and discharge. and discharge.
Acres. Cusecs. Acres. Cusecs.
Left Bank.
Rohri Camal - - - - 698,300 10250 1,353,000 9,900
K harpur State Fecders - = 298,000 4.034 : {8{)€‘f:(ib') 3-000
Eastern Nara Dystem - - 646,000 12,300 914,500 6,787
Right Bank.
Central Rice Canal - 493,423 12,346 Nl Nil .
N.-W. Perennial Canal - - 269,127 4513 545,922 3,639
S.-E. Perennial Cana - - 151,367 2,787 347,471 2,525
A .
2,556.217 46,030 3,362,803 25,851

F ASSESSMENT PROPOSED.
sment for rice crops varies in different
s. 6-8-0, according to the security 0

arged onthe Jamrao Canal, where
~ranteed supply, to be given by
tes proposed_vary slightly,
Right Bank, which 1S
are somewhat

RATES O

The present average rate of asses
districts from Rs.4-3-0 per acre to R
the water supply; the higher rate being ch
the supply 15 fairly well ssured. Forithe gu
the new canals, for a much Jongeriseasot the ra
with the varymsg conditions of the tracts. On the
suitcd for the highest gradcs of rice, the rates proposed

higher than on the Left Bank, where, in the Rohri Canal, and Eastern

Nara, tracts, the soil 1s not quite so suited for the highest grades of rice,
harged are, (see table below). *

and the rates cad therefore, slightly lower
On the other hand, cotton is already well established on the Left Bank,
and the conditions very favourable, while on the Right Bank very little

dvourable-water cupply) and 1t

heen growng (owing 1o unf

he Right Bank are, tharetdre, some-

cotton has-yet
needs encouragement. The rates ofi't
for the first 20 years, than on the Left Bank. Rab: Tates are
ditions are similar. The present,

what lower,

the same on
and proposed, rates are sh

both banks, as the con
hich it will be

own in the tables below, from W
ceen that the increased rates, fora guaranteed flow supply, for a long season,
as compared with the present unreliable supply, which fregueritly fails
to give flow water, are not much higher than the present maximuin rates,
Unwatered Dubari, on rice lands, at present pays small rate, but 1n future
would be free, :n order to encourage restorative crops. On the Right
Bank there will be small areas, not commanded by Flow water. ese

11 be half the flow rates.

will have a lift supply, and the rates charged w1
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The great areas of existing lift lands, at present, pay assessments of about

two-thirds the flow rates. For the financial
in Jagir lands, has been assessed at one-quarter the rates charged to
Governement lands, and the rabi cultivation at one-half the rabi rate for
Government lands. These Jagir  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 eagerly taken. Whether or not such a great rebate for these lands

can be justified is doubtful, but it has been allowed, for safety 1n the

estimates.
The new canals will be opened in sections, at different periods, as
work progresses. Until each given area1s converted to the new water supply
it will remain on its present rates of assessment. As soon as converte
the 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

{orecasts, kharif cultivation

app]y.
Proposed Rates of ' Present Rates of
Crop. Assessment. ‘ Assessment.
All f()r Flow supply ! .
First Second Third ' Flow Flow plus Llft.
[ Oyrs. [0yrs. [Oyrs. | maximum. lift  maximum-
maximum.

LEFT BANK CANALS.
Rice .. - 7-0 8-0 9-0 7-8 3 “o,
Cottcn - - 5-8 6-8 7-0 5-0 4-4 3-8
Other Khanif ; 4-0 4-0 4.8 3-4 2-11 ’ 2-2
Rabi (wheat and oil- 540 6-0 6-0 4-4 3-10 2-14

seeds. ; '
Leguminous (kharif } same as other kharnf

for rabi). J s 3-0 3-0 | or rabi.
RIGHT BANK CANALS. |
Rice - - 8-0 8-0 10-0 | 5-12 .
Cotton ’ . 5.0 6-0 70 || 30 iy
Other Kharif - 4-0 4-8 4.8 te 318 3-Z
Rabi, (wheat and oil- ;

seeds) - - 5-0 6-0 6-0 : 4-12 4-0
Leguminous (kharif ;

orrabi) - - 2-8 3-0 3-0 | same as other khanf

| or rabr,

LIFT RATESWHALL; ABQVE,
ANTICIPATED GROWTH OF CULTIVATION.

As already stated, the final aptﬁcipatcd area of annua! cultivation is
81 per cent. of the culturable area. The present area of cultivation is
about_43'5 per cent. of culturable. The increase, from the present
intensity of 43°5 per cent, to final intensity of 81 per cent., after 30 years,
is a'ssumed to occur very gradually, year by year; but as rice extends very
rapidly when a good supply is available, there will be a large increase

almost immediately the new canals are opened. The following statement

shows the present, and estimated, cultivation under the whole scheme.
The increase is more rapid on the rice canals, and less rapid on the perennial

canals.

© 2019 Dr.Pathan. All Rights Reserved.
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Preseat annual cultivation in this area and percent Acres. Page #42
C’,I!‘S'Tl,-r.’iﬁd (4()77(.,) ) < u- percentage (1{ (uhuy‘\‘n}(: area now
- - oo 2036037
Total culturable area under the project 439 pec.
Anticipated cultivation ten  years after openi -f 9 - - - 6529705
culturable ) g o pening of canals and percentage of 3,440,288
Anticipated cultivation t o ) - ® . - 52 p.c
Annudips nlnvation twenty yvears after ope . o p""
y years aiter opemng g . - - 4000828
Anticipate - tion thirty vears aft . 65 p.ce
\nticipated cultivation thirty years after opening and thereafter - -5 308[408
, »

81 p.c,

N Or} the“Pumab jpcrcnma) canals, the actual intensity of annual culti-
i»ation is well over, 9C ﬂpcr‘cent. of the culturable area, while in some of the
argest rice areas in Sind, the present annual cultivation exceeds 75 per
cent. of the culturable area.

The project forecast, would therefore, seem to provide a very safe

estimate of the probable growtngo cultivation.

The following hgures <how the approximate present quantities of
crops grown, and exported, anticipated future quantities, after
final develop he tracts by the project. They give some
indication of s increase which m ed in the export
of commodities, {‘beat. cotton, 11ce, \re in world-wide
demand. It is be! tg'at.f'the. figures sho xports, would neces-
sitate doubling the present tlap’cff? of the Port'ol & arachi, and possibly
:ncreasing the capacity of the Nosth=Western Railway ; while numerous
feeder rallways i find a lucratiye field of enterprise, carrying the
produce to the Ay, Apart from the evenue, from the sale
of water and eme 15 calculated,
there will be fur fins to th e to the enormous
increase of traffic on the™l tern Railway, and at the Port of

Karacht : while the increased wealth of the Pl"m.'ince will. react
on income-tax, and other sourc ‘evenue. Nq crcdxt 18 taken in the
project for any of these gains to vernment, which will be due entirely
to the construction of the Barrage \nd Canals. The construction of these
oreat works will also have important and benchicial political offects, both
:i)n Sind amd Baluchistan.

L the productivity

Yer great indirec
1

o Barrage Canal arcas :—

A wamate gu tities of crops 1, s
U a at \nficipate
.t\‘ |ms 1;1 X , e
de o, 4

prcsent.
Crop. Tons. ; rl(')ool:)s.
/ - - - 08,600 33,
“\;' o - - - 3&0.000 515,000
Cotton . = - 52,000 190,8%
V‘.owar‘ and other crops - 300,000 575, )
Exports - 183,000 1,380,000 |
ancial side of the

In a final article we shall deal briefly with the fin

project.
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THE FINANCIAL ASPECT.

VI

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
derived 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 Works Department has to
show that the scheme, as estimated, satisfies the following condition,
U1 Z.y ‘ N

““ There must be good reason tobelieve 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 out]ay on account of anticipated excess of
reveniue over simple interest.

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

AN EXPLANATION.

One point in this definition will immediately strike the business
man, vizsthat only simplesinterest on outlay is to be calculated. Actually,
of course, Govetnment mustrhear theycdst of compqurnd 1ntenest ¢charges.
until such—timetas- the' projéet revehde s sufficient 'to- meet \the .anaual
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 is more than sufficient to meet the annual interest charges, no credit
is 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”

© 2019 Dr.Pathan. All Rights Reserved.



44

www.drpathan.com
S FC¢ S < N o s N . P
g;ﬁ;f;\::r'\l Sl(gti.rk(}o‘"m.l‘,"9")v the nrcn‘x.nml:s'h"l arrears of simple interczslage ra
T ke akhs. [hen the total ** capital invested ™ in that year s
' A 1: and the interest charges on this sum at 6 per cent. per annum
come to _())‘l.nkhs. lf the net revenue from the project 1s 70 lakhs the
project 1s produ'ctwc " and pays 61 per cent. ‘ As;;umc thc' net

revenue goes on increasing with the development of irrigation, as

follows =

Nel revenue. Surplusover
3 simple inlerest.
a‘%‘ Y('”‘“h("‘C“”‘X’It‘timl - - 731:1khspcranmx:n - . 6 likhs.
on SR S BRI
o » - - » ' - - 16
10th . - -9 y . TR
th ’ T, B
12th . - - 100 . - - 30,
I3th . - 10 N . - 36 .
14th # - - 110 . : . 4,
15th and thereafter - : 2 5 " - . 46

Then in cach year, from the 6th year onwards, there is a surplus
over the simple.nteresticharges, i.c., the net revenuegives a return vary-
ing from 6'1 per cent. in the 6th year, to 10 per cent. mithe 15th year and
thereafter, on the total eapital invested.As will be seen this surplus
amounis 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 mnterest, which accumu-
lated during thefvcars of construction and up till the 6th year after comple-
After the T4th year all such surplus is gain to Government revenues,
.ed to the reduction of the capital of the project.

Many * productive * works in India, if credited with their surplus
4 Il compound interest charges, and also wipe off

1
revenuces, could bear al

i 1 N N 1 .
the whole of thetr capital cost, 1 a few years after reaching com-

pletion.
THE ORIGINAL FINANCIAL FORECAST.

d_ the. method 3 accounting, ; adopted 1 the
oil the financial forcast of an frfichtien [project we will exa-
mine that of the Sukkur Barrage Canals Project of 161920 At the time
this project was prepared, the orders of the Secretary of State were that, §
‘aterest should be calculated at 5 per 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 1t was shown on this 5 per cent. basis
that, 1 lated arrears of simple

o the 9th year after completion, the accumu
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
lakhs, or 5717 per cent. on the total capital savested: i.c., on a d per cent.
basis of calculation, the project was ** productive " in the 9th year
after completion,  since the net revenue exceeded the interest

charges.

tion.
and is not appl

Hhviagynew explaine

preparation

"’m’r‘drn_‘ o

© 2019 Dr.Pathan. All Rights Reserved.




" Page # 45
www.drpathan.com 4

GIVING AWAY VALUABLE LANDS.

This net revenue included revenue from water ratcs' (a.? dct;nled
in our \as? articl(‘), and also interest at hH per cent. on rc:allzz}tlons rom
the occupaney fees, obtained for .thc grants of vacant Coverngn?:é
lands.  These occupancy fees, credited to the project, wl(;rc aied
on  nidiculously  low estimates of area and v_alpe, simply 'eCani,h
as they were nr;t needed to ensure the ;‘_)rqd}lctwlty of the pro%ccti Hz
archaic practice hitherto ruling in Sind, of giving out vast areas . lva u,::,;,aS
land to the local zamindars, at a mere fra‘ctlon of tbelr }:a ue., o
assumed to continue. Thus it was assumed In the project t at,({f)tl ?'
a total arca of over 1,500,000 acres of unoccupied Cullu'mbl(c lands, onlyl
540,000 acres would be paid for at all, and that these 540,000 acrefs [‘?v\o%z
produce only 10 rupees per acre, in occupancy fees, or a _tot-'.lllO _ ?% 1
lakhs. The price at which similar ggodtlands are sold privately in ._md
varies from Rs. 300 to Rs. 1,000 per acre, according to \.vatestm)pl_\_f an
locality. Thus, in the Project, crédibwas taken for interest at)D per
cent. on Rs. 54 lakhs only, from the sale of lands. . Evenso, the Project
was " productive AeonaiolBer cent. basis of calculdfiom

THE INCREASED COST OF BORROWING.

When the Secretary of State’s orders were received to incre.asc the
basis of calculation from 5 per cent. to’6 per cent. for borrowed capital, the
financial prospects of giel8cheme had e be entirely re-casted, and with

ST o . . X3
the original proposalffor raising revenue, the Projeet was no longer “pro-
ductive.”

With the increased cost of borrowed capital, and the original revenue,
the latter did not exceed the interest charces on total capital invested
(included accumulated arrears of mterest), until the 16th year, after
completion, when it would pay 017 per cent. In the |0th year after

completion it would pay only 495 per cent. With the revenue or
estimated for, the schcmc 18 thcr'cinz‘u not a

ginally
cannot be sanctioned as such.

" productive project, and
NEED OF FURTHER REVENUE.

Heflee, Jubldss! this great benéhicdl Projeck Avad t 14 abandoitéd,
il't Wwas ncCessary to find sCmm€  means  of incrtasing its prodUC'
tivity, °

No one can contend th
factory water supply at p
themselves are the most |
SO there could b

efforts had be

at any pattion of the areas affected has a satis-
resent, and the cultivators and landholders

st Insistent on IMprovements being carricd out ;
¢ no question of aband

_ ndoning the Project until {urther
en made to improve the financial prospects.
It was not considered prudent to

of the works, though the
the steady reduction in th
fecessary to increase t

reduce the est
re may be savings under
e cost of pl

he revenue

imate of capital cest
some heads, owing to
ant and machinery. It was, thercfore,
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THE POSSIBILITIES.

This could be done in several ways, viz., ‘
(a) By hastening the period of construction,
reducing interest charges.
g the cstimated rate of developm

and therefore

(h) By acceleratin ent of 1rrigation.
() By increasing the charges for water. |

(d) By increasing the area of lands to be disp

pr;cc at which it should be sold.

(0) By sclling lands before completion of the works, or before

" iroieation begins, and from the pﬁrocecds help to pay the

charges during construction.

osed of, and the

mterest
Fach of these possibilitics will be examined below :—
e of construction has been worked out on a
basis, allowing for rapid and efhcient
progress with the most up-to-date methods. [t 15 quite
probable_that the period allowed for may be 1mproved on,
andthe works completed i considerably “less time, .but it
would betunwise to base the success of theProject on thls pro-
hability. No change 1s, therefore, proposed in this programme.

(h) The rate at which, in_the Project estimates, cultivation 1s
calculated to increase.n the present occupied areas, and to
extend dfifo the present wnoccupied: areas, is based on an
extremely safe estimate ;-and in actual practice, this estimate
i« dlmest certain to be surpassed very greatly: But so many
[actors affect this mattéf=ghie{ly the confidence and industry
of the }w()plc,—-l}lzlt it 1s advisable to retain a very safe estimate,
which allows for possible set-backs, and the training of the
people by easy stages. TN® change 1s therefore proposed 1n
this estimate.

LOW ASSESSMENTS.

(c) The assessments proposed in the Project are consolidated
;155f-ssmcnls for water and land rates. As shown in our last
artide, thesd are based on anfincremental seale,. increasing
after 10 years ard 20/years fromfthe date of LbbddGe:: of
the new water—supply. The rates for the first 10 year period
undoubtedly are pitched® very low for the vastly improved’
regular water-supply that will be given to all crops ; and it is
the opinion of many experts that the rates of the ’second 10
year period nught be applied from the very eginning. Man
zemindars also admit that still higher rates could (;asi]y bz
paid for an assured 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 yet experienced
1fn Sind, with the exi§tiqg inundation canals. It is one thing
or the engineers designing the project, and the officials whg

(a) The programn
fairly conservative
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‘:':1:1\0“”[“}\1 ’th kn)olw for a ccf.rtai'nty that this security can
, ulely ;\t\zmntccd. But 1t 1s quite another matter
to make the cultivator believe and realise this, before he has
gcta:ai;\"irml 1t, apd has cxpericnced the securily for some
vears. He ;mz:‘l his ancestors have been so accustomed to
Altermating periods of a few good vears, followed by a few,
or more, bad years, that until he has seen the good supply
last for several vears continuously, he cannot be expected to
attain tull confidence in this security. Hence, it is advisable
to keep rates considcrably lower than the actual value of the
water, and not greatly above present rates, until the cultivator
nas gained experience, and realises that it is an excellent
mvestment tor him to pay a good water rate, and thus obtain
1 greatly increased value for his crops.  Moreover, it 1s unneces-
w to charge all cultivaters with higher rates of assessments
than those already propesed, if those zemindars obtaining
other advantages pay a fair value for them, as will be explained
in the following paragraphs.

ARCHAIC CUSTOMS.

(d) The new canalsare designed not only to improve the water-
supply of exsting cultivated lands, but to give this improved
supply to vast areas of mew lands, now unoccupied for want
of water, but which will grow excellent erops, and be of great
valuz, asisoon  as a regular water-supply 1s given to them.

As a}:'»;z:dj. etatefl, there are moresthan ],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 areas been given out in past years to present landholders
in Sind, who already had far more lands than they could cultivate.  Such
lands have been f_fivc:zl away or *istldlisat ridiculously low valuations.
Thus, in the past 20 vears ending 1920-21, no less  than 923,000 acres
of good culturable land, in the Barrage Canals Zone, were given out to
present landowners, on payment of a total sum_of Rs. 36,85,000 or at an
average pfice_of less than Rs,4 per acret- In the, last of stHese 20-vears,
namely, 1920221, lthe area givien ot &vasl7,08] acresdat an average price
of Rs. 243 per acre. One of the®yrses 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 In years of favourable water~supp]y.

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 probably 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
separated by a strip of unoccupied Government land of reasonable width,

each zemindar was supposed to have a claim, superior to that of any third
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‘:‘ to 05\?}\‘._{;\ the grant of half this strip of land.  Similarl

fronlasze o RN . > and. o .
Which 1 \myf;;‘:;u}](‘hng. ].:l_\' a strip of unoccupied ]zm(llr.mtﬁz )x.,;r:llfntoigf;ugf
serious Ef"iiuﬂ\cz‘.imiz: ‘:‘O“’”l? }13\"e cut off gummunication@ or caused
bosed to hold 4 e C~hrm ttl‘Ift:}\ (\EXIStlng zemindar, the latter was sup-

. t\ e aim to the grant of such land.

such c'ir.zn:.s\§\'i(:'!:irlt‘::jd(f}rftlweYwaiabrmsonablc justification for allowins
expanded to such dn“;}}m:ré :llltlf\ u;} the custom has been abused and
el 1o such anbnd ot bt b L e
\\-ith no himit a*:\}.)arentlxj cx}c;&t tdhn SPmd?)Wh(':rc lcli] his nelghbonehooe:
Do formlated to T o !_}.) _the orizon ; and no rules have ever
AN T |fne the limits of erants under these claims. There
"»‘u S.OJ:nC C;lﬁf"s ‘.vherc.the grant of small areas to outsiders
& \.‘.1;.\5-_ CO‘Z‘.EIuCXﬁ‘})lC inconventence to present landholders, and 1n
\\ xs.s::;s the %J.zt;r' should be given prefercntial treatment and the hrst
option of purchasing. But su L. conditions can never apply to large
109 acres, or more, and they de not

the smaller blocks.

PRESENT LANDOWNERS.

claims on a very
all blocks of small

2] terms to neighbour-

blocoxs of :z;‘.J;cnpzcd land, ot
ven apply to the great majo

GENEROUS TREATME
| refore, to providc f

& for individual co
y not, be granted onp

ne landowners, a8 may be fdun'd équitable.

hole Barrage Zome€! out of 1,500,000 acres of unoccupied
1 of 350,000 acres, ¢o isting of small blocks, has
for estimating putp . it has been assumed
P ted atan-average |5 per acre. These
assured r-supply all the year
price on which lands were granted 1n
d these lands have at present only an
pl_\' for four months 1n the year.
ag the assumed price {or future grants 1s
- low estimate, and cove -eat area. 1n actual practice it
found that far less area has any clam to preferential
price 18 much below a fair preferential
ariations will merely create an

vaiffe N the landl owever, these A .
extAL_L suc in ffay waytafﬁow tﬂdsltif y \\te margin of
° ute

SLIKE SALES OF LAND.

FAIR AND BUSINES
1,150,000 acres of unoccupied culturable
ge blocks, for which there

The remamng area of ( .
lands, in the Barrage Canals Zone, 13 all In .lar .
can be no prefercntia] claims ; and this area 18, therefore, available for sale

to the highest hidders.

The Project cannot Le carried out un

and there 1s 1o concetvable justification .
way this great

rates to all semindars, In order to give a

1a0 D1 Y 14.
1920-21 was Rs. 243 per ac
qin and fuctuating wate
cen, theretore, t
rs a very gi

1
't the assumcd

. .
Il certainiy D¢
3
L

roatment ¢
eahment, ahv

less extra revenue can be obtamed,

for increasing the proposed water
area of vacant
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PAThR ¢? prices far below their true valye te

m. By selling these Jands 2 ’ !

LIg : y seliing these lands at reasonable prices, to

the many who desire to buy them, it will be possible to i :

or watcnsupply at a reasonable figure for all zemindar
and newly, cultivated Jands

et { : some 7,(-,."-; A(!"rq Y b -
vestige of claim to the ! ninda vith no
keep the assesement
s, cn both existing,

[hese principles havmg been dcfzned. it remains to arranee a pro-
T v v/ . ~ . . S
gramme of sales on the most beneficial and econormical plan.

A PLAN OF OPERATIONS.

Innumera.ble plans may be devised, and it is only necessary to describe
one such feasible scheme, and to show its financial results.  In the first
p]ace, it must be noticed that for the Constru,;ctﬁon of these great works,
both for the Jarrage 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
comle(:in, unti] 1rrigation begins in the 7th year after commencement of
works.

If no lands are sold until irrization beginsythen thedinterest charges,
in the first seven vears, must be pard entxre]y from further l:orrowings,
on which again interest must be_paid. :

I"!cncc, the sooner lands are sold the less will be the borr.owings and
the Compound interest charges to be pald.

ADVANCE SALES AND VALUES.

But if lands areSold several vears before irngatien eemmences, or be-
fore the works are in full swing and have given the prospective purchasers
some confidence in the approaching water-supply, it cannot be expected
that such sales would realise the eventual full value of the lands when 1rri-
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 actual prices realised will be less than such calculations would
show. The question of confidence and speculation will gnter very largely
into such pucesy and here ammtimate tknowledge-etfthefreoplé: and of
the presentJcanditionsy isiréquired €o ferecast lapproximatelv.what\prices
may be expected. , °

It would certainly be more profitable to borrow all capital, and sell
no land, until irrigation had already begun ; but in 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.
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0 o}wm‘.{ dcscrnption s of one such feasible plan, and shows the ﬁnanciai
results which would follow from its adoption.

A PROGRAMME OF SALES.

;S“I""' in open auction would commence in the third year after
starting construction, i.c., four years before irrigation begins. At the
samne time would bezin orants of the small blocks at the preferential
rates, to those having real claims to preferential treatment for such lands.
[n t}r‘ns vear about 10,000 acres would be sold in open auction, and about
l(),()")«() acres _r_gr:mtr:d on prcfcn:ntial rates. The price assumed for the
fmctmm:d lands in this year would be only Rs. 100 per acre. Sales would
. ncrease regularly from the third to the seventh year (when irrigation
bering), and in the latter year would be about 38.000) acres auctioned,
at an assumed full price of Rs. 150 per acre, while 30,000 acres of small
blocks would be granted at the rential rate of Rs. 15 per acre. There-
after, sales would increase ste ear by vear till the seventeenth year
(10 years after commenceme jzation), when a maximnum area of
66,()’)3 acres woufd he so]d Ol at Rs. 150 to Rs. 250 per acre.
y ¢ lands s tion would be first-

Up till this cf cent,

class lands, cent =would be 4 lands unavoidably
intermixed witl /xﬁ'_e"._- Thereafter, inder of the second-
class lands would BE i ostgaal; from the s to tke Z6th years, at an
umed rate of Rs. 50 per a@rembygamntal areas diminishing frem 65,000

acres 1n the |8th e
From thed
iJE’JCi’:E, "-'v'(/‘u'

[ 1J. I¢
()t I{.‘;. l) ")
By this plan, the total are

commencerment r)f works wou

10, 35,000 acres in the 26th year.

WAL, r’ '
till the-I5th vear, 3
)le forsgranting 2

res annually, of small
ed prefercntzal rate

disposed of up to the 26th year from
follows :—

(a) By auction.
605.000 acres of first-class lands.

520.000 acres of second-class lands.
3

l - -

I
Bt gat Institute

SAFE ESTIMATES.

[t may be noted that, 1o the above forecast, the maximurm price assumed
for first-class rice lands is Rs. 250 per acre, and for first-class perennial
iands is Rs. 150 per acre, when water is actually ready to flow on the lands.
While for second-class lapds the price assumed is only Rs. 50 per

acre. Al these lands will be given an absolutely assured water-supply
all the year round, for perennial lands, and six menths for the rice

lands.

25]3330 acres total.
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A HANDSOME RETURN ON OUTLAY.

i the prrograrine ol wales uu!“m'(l
[ tive, 1o, pay more than O per
'_(l(tl\lnlll.ll(‘(l arrears of mterest),
Borhse or i the [5th year brom
Metion ol wor hs

Al pay 1074 per

But with these arnmed ratey
;\lm\ e, the l‘mlc\l \\'unH hecon
centoon all ‘.\l\il.\l mvested (i
i the third year alter compled

Do theslIESY car alte
l)\\l - (‘.ml('). e
cent. on capttal m S the 20 vear alte ction 1t would pay
I3 per cont. and 1 the YOth yeu it-‘;‘*‘l.t'«)[rl[\l(‘li()?l and therealter, it would
on all «.unt:l iy asteed . Al a cumulated arrears ol
and ofl Iyt u-;)lh year alter completion ol works.

i commaoencemel
((lh‘ tost year ad

pav 1-H0 per cent..
mterest  would b

orrowed will be

“ 'Hw AN
about Rs. 10

R.. 1.830 lakhs, and the final net
ents a net profit to Governmenl
) per cent.on the ('.‘!pit.‘ll outlay, or
v for the benehit of the general

The final capital mvested
annual return, at [40 per centt
(aftm‘ p;i)’illg; all interest ('l\;ngc.\').
a nel surplus of Rs. 158 lakhs per
revenues of the Provinee.

Thus it will be scen that this gre
{ to the people of Simd, and

) .
at Project can be carried out with
al the same time to the very great

vast beneli

pmﬁth l]:si( cyas a whole, .

“he c‘u\' es al lua)yl'a/lt'm‘l Im"(S(tl It;uxt ful
and sufhciently Lilheral rates, \']u‘(\\ Jould ot be Exdedd i dnd=may
px‘o[)al)ly be found more than suihm\vnl : while 1t

explanations show that the estimates of revenue,
hased on most conservative low rates.

THE LEGISLATIVE COUNCIL’S OPPORTUNITY.

It 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 rematn for .thc Bomlmyz
Legislative Council to approve the whole Project and permut the start of

construction.

S lmp(‘(l that the above
from all sources, are

s
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