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orops �~�n�d� the most profitable methods of cultivation. They will have 
to render technical help and advice in �r�e�g�a�~� to the following:- -

Soil �~�a�l�y�s�i�s�,� selection of crops and crop rotation; 
SelectiOn of seed, manure and farm implements ; 
Use of modem agricultural machinery ; 
Remedies for salt impregnation, diseases of crops and insect pests · 
Fruit farming and mixed farming ; ' 
Dairy industry and sheep farming. 

For these �p�~�o�s�e�s� the experts of the Agricultural �D�e�p�a�r�t�~�e�n�t� have 
to co-operate With the officers of the Revenue and Irrigation Departments 
on the one side and with the cultivator, the trader and the exporter on 
the other. _ . · 

Future progress of work in this Department will depend largely .on 
the capacity of the expert placed at the head. At present the Director 
of Agriculture is not able to visit Sind oftenandgi,ve his personal attention 
to its agricultural problems. It will pay Government, in view of the 
great intereSts involved, to get the services of a real expert, if poadble a 
man with an international reputation, for a period of, say, three years. 
Otherwise the �b�e�~�t� alternative is to give the technical officers employed 
on the Sakrand Farm a chance to show what they can accomplish. They -
_seem to be in want of more funds and a prope:r programme. . 

Much original work and hard thinking is needed in this field. The 
Agricult1!ral Department to be really useful on a scheme like this should 
be in Close touch ·with the experts and agencies connected with Agricul­
tural Research in countries like England, the United States of America, 
Germany and Japan. The Department should also. take an interest in 
the statistical and economic side of agriculture. 

Roads 
_ 62. Locomotion in Sind except by rail is at all times difficult through 
lack of good roads. It is stated that out of a total length of 11,426 miles 

· of roadway, less than 100 miles are metalled. In most·parts cheap stone 
metal required for surfacing is not available and broken brick is costly. 
Government have had this subject under consideration-for a long time. 
An Executive Engineer was placed on special duty to investigate the 
question and the investigation resulted in the submission of a report and 
preliminary estimates amounting toRs. 4•51 crores. The White.Paper 
says that the report ia under scrutiny and a policy for financing the work 
will be shortly formulated. 

There does not �s�e�~�m� to be much prospect of Government being able 
. to spare any large sums of money to this �w�o�r�~� �~�t�i�l�.�t�h�e� Barrage works 
-bring prosperity to the tract. But roads anc! Irrigation �~�o�r�k�s� mutually 
help each other and any reasonable outlay on �r�o�a�~� at this stage �~�o�t� 
fail to prove a profitable investment. We consider that a beginnmg 
should be made by constructing a few hundred miles �~�f� hard �s�~� 
roads to connect the more important centres of population. According 
·to Appendix B to the White Paper the expenditure �p�r�o�p�~� under �r�~� 
is half a lakh in 1930-31 and Rs. 5lakhs after 1939-40, that 18, some time 
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after the canal system has begun to earn. For reasons s:Sted above 
we coi!Bider that it .vould be a great advantage to the financml prospects 
of the Barrage Scheme if a beginning were made in road c?nstruction 
by spending about Rs. 5 lakhs annually fro~ the next offiCial year. 

CHAPTER VIII· 
OTHER ASSOCIATED DEVELOPMENTS 

Farm Management 
63. In order to utilise canal water to the greatest advantage and to· 

derive full benefit from it, agriculture should be practised as an industry 
with modem implements and machinery and under expert management. 
AB a rule the aim should be to grow as far as possible crops which give 
the highest, money value. . 

Success whether in agriculture or an industry will depend on capable 
nw:ru1gement and for successful agriculture a class of farm managers 
and, to a lesser extent, experts in agriculture, engineering and" commerce 
should be brought into existence. If a sufficient number of these is 
spread among the agricultural population, each trained manager or 
expert will become the inspiring centre of a group-of. agricultural farms 
and farmers to ·extend the benefits of irrigation and crop production. 

Books and pamphlets on modern methods of farming . and farm 
_ accounts as practised in Western Countries might be made available 

for the use of the Zamindars. Estimates of production fo; dillerent 
varieties of crops and model farm accounts for a dozen or so typical 
farms might be prepare!! and circulated. There are already a few enter­
prising Zamindars here and there in the Barrage area who ·understand 
modern methods of farming and farm accountancy. What is wanted 
is an organization to bring these together and provide them witli the 
necessary facilities to practise high class agriculture. The Sind 

· Zamindar is not accustomed to save money and the· illiterate haris or 
labourers working under him are extremely poor. Both these classes 
, '?ll require capital and by providing them with necessary credit facili-' 
t1es, Government will be benefitting agriculture and indirectly also 
Government revenue. 

. Manure . is ~ot use~ for the staple kharif ·crops because the sllt 
m suspe11B1on m the nver water dispenses with that need to a certain 
extent. F~r growing ~icher or money crops both organic and artificial 
manures will be reqwred. Facilities should be created to enable the 
cultivators to purchase manures, seed and agricultural implementS. 

ID; recent ;rears pow~rful labour saving machinery has come into use 
particul~ly m the Un~ted States of America, by meai!B of which the · 
po~ulation employed m agriculture is reduced while the volume of 

· agncultural production has gone on increasing. Mechanised farming 
· replaces manual labour in various farm operations and since there is 

not enoug~ population in Sind for the new devel~pments, the use of 
fann machinery by the more enterprising Zamindars may be svecially 
encouraged. . 



Business Organizations· 
64. For the successful pursuit of agriculture, several forms of business 

organization, associa~ions, companies, etc., should b11 called into 
existence to render the services needed by the rural population 88 irri­
gation develops. Some agency with sympathetic leanings should work 
for this under the supervision of Government. For instance it will be 
necessary to examine in what form credit facilities should be supplied, 
and to what extent, from agricultural banks, land mortgage banks or 
co-operative credit societies. Co-operative societies have to be 
organised for marketing and purchase of manure, seed and farm imple­
ment!J. Facilities should be given where possible to sell water to 
Zsmindars and water compauies by measurement. -

According to the White Paper issued by them, the Government of 
Bombay have appointed a Standing Committee and they intend appoint­
ing an Advisory Committee. In determining the functions of these 
bodies the recommendations of the Agricultural Commission and 
recent developments in foreign agriculture should be taken into 
consideration. 

Very recently the President of the United States of America appointed 
a Federal Farm Board, consisting of the Minister for Agriculture and 
eleven other members nominated by him, the object being to encourage 
the organization of co-operative· societies and "·to furnish leadership, 
initiative, expert judgment and seasoned business experience to the 
farming population of the country." One of the duties of the Board is 
to foresee and try to prevent overproduction and attempt to work out 
new uses for agricultural products. 

The American Board of Agriculture acts as an Intelligence Department 
by providing agriculturists with valuable information of every kind. 
The Department's office of Farm Management specialises on the farm 
business including cost of production and on the various phases of country 
life betterment. The Sind Zamindars and Cultivators need similar 
·guidance to help themselves. 

Administrative Developmets 
65. The White Paper makes provision for the creation of two more 

administrative districts to cope with future increase of population and 
growth of work due to Barrage irrigation. In reply to our enquiry 
whether there was enough population to carry on agriculture, a high 
offieer of Government stated that applications for land were pouring 
in and that there would be no difficulty in obtaining all the labour that 
will be needed. We understand that a Cattle Committee bas been 
appointed under the Chairmanship of the Special Revenue Officer, which 
is attending to the question of increasing cattle to supply milk and milk 
products, and organic manure for the crops. As cattle are being actually 
exported from the Province, it is understood that the number needed 
for the future needs of agriculture could be easily obtained. 

In Appendix B to the White Paper, Government have made some 
provision lUlder Education in accordance with the recommendation of 

• 
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the Agricultural Commission. From what we have' stated above under . 
Farm Management, it will be clear that technical education is needed . 
to train graduates and experts in agriculture and commerce. There 
is an Engineering College already in Karachi and provision has to be 
made for the other forms of collegiate education needed and also for 
establishing agricultural and business schools in Hyderabad and 
other district centres. In the primary and secondary courses, the 
education of the future citizen should be given an agricultural and 
business bias. · 

It would be a good thing if a rough economic survey is carried out in 
Sind along with the 1931 Census. The statistics gathered from such a 
survey will be a convenient starting point for the measurement of 
progress under the new conditions. Complete agricult¥ral statistics 
should be maintained from year to year. An attempt might be made 
also to bring a few model villages into existence in the Barrage 
area to serve as patterns for others in village p]_anning and scientific 
agriculture. · -

River Dis~arge Observations-Hydrographic Surveys 
66. G11age readings and discharge observations are being taken at 

various points of the rher by a special staff working under the Executive 
Engineer, lndu8 Discharge Division. ·In future the work and res­
ponsibility for this class of observations will increase and all phases of 
river supply, levels, discharges, etc., associated with-the Barrage Scheme 
will require special attention. The water levels and discharges at the 
mouths of the Fuleli and other lower canals will need to be kept under 
close observation for a period of at least five years in order to be able to 
deal effectively with the problem of future shortage in the supplies to 
those canals. · 

Under the understanding between the Governments of Punjab and 
Bombay, special observations of river supplies have to be carried on 
during the next ten years in order to determine the. effect of the with­
drawals in Punjab, on the Barrage supply in the cold weath~r. 

There is an impression that the hydrography of the Indus River is 
not receiving the attention that it deserves and that the officers entrusted 
with the work are changed too often to permit of their specialising in 
the subject. Sections of the river bed will have to be taken annuallv 
both above and belo"' the Barrage and at selected points· for abm;t 
15 miles above the river to watch the effect of Barrage operation orr 
the rive~ course .. Levels should he observed also frequently at all 
weak pomts of r1ver bunds ·along bot-h ban~ of the river . 
. For the more effective control of floods in future the changes in the 

nvm: course and of bed levels at strategic points should be under close 
. ~d co~stant observatioz>. !f a prosperou.q population is to be brought 
mto eXJS~nce, flood. protect10n measures, or safety first, should receive 
the ear~est. a~nt1on.. The Province is periodically undergoing 
great pnvations ·mcludmg loss of life and cattle due to ravages from 
floods. • · 
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Subsoil :Water Levels-Drainage Works 

6_7. The effect on the subsoil water levels will not be felt until after 
the new.canalsystem has been in operation for some time. The country 
is .Hat and the river runs along a ridge. The future progress of irrigation 
will depend upon the extent to which the subsoil water level is kept 
under control in the irrigated tracts. It is understood that observations 
of water levelS of wells are being taken in the Barrage area dnring the 
months of April and October. It has been suggested that observations 
should be taken also in the month of December in future. 

It is said that in parts of Punjab, some of the drainage cuts excavated. 
before the canals came into operation were afterwards found to be mis­
placed. '!'he Chief Engineer is anxious that this lesson should not be 
lost on Sind. He proposes to take drainage works in hand after irriga­
tion from the new canal system has been practised for some time and 
its effects on the subsoil water levels are clearly known. The problem 
of subsoil water and drainage is vitally connected with the success of 
the Barrage Scheme and it should receive the closest attention of the 

: Engineers who will have charge of the Scheme in future. 

Bureau of Research 

_68. Extensive scientific investigations and research will be necessary 
un~er both hydrodynamic and agricultural aspects of Barrage irrigation. 
The· conditions of tb,e region are not exactly similar to those of other 
parts of India, not excluding Punjab. There is no rain for many months. 
The record of summer temperature is the highest in India and there is 

. frost in winter. The Province has its own special local problems to 
solve. 

It is necessary to bring into existence a combined Research Station 
to carry ori scientific investigations in irrigation and agriculture. Re­
search work in irrigation should- embrace the following subjects:-

. ( i) Duty of water under varying conditions of soil and crops. 
(ii) Discharge obser-Vations for velocities in channels and through 

flumes, modules, outlets and orifices generally. 
(iii) Continuous study of- river discharge observations and changes 

·in the river course and bed levels. 
(iv) Rise in the subsoil water table in various parts of the tract. _ 
(v) Observations for shoaling in the river bed and ~ilting in canals, 

distributaries and minors. 
Research work to be attempted under Agriculture has alreJldy been 

referred to in paragraph 61 above. · · 
The Bureau of Research will have enough work to begin with if it 

tries to collect and compile the scientific data already available in the 
various canal offices in Sind. · 

The new Bureau should have a Committee of Advice consisting of 
3 to 5 officers belonging to the engineering and agricultural professions, 
with known leanings or aptitude for scientific investigation. 



38 

A large size model of :the river prepared in $llay or other mat~rial 
showing the levels of the riverain tract including bunds will' be a useful 
means of bringin home to the public mind the· weak points of the river 
and river bunds. 

CHAPTER IX 

COST AND RESULTS 

69. As stated before, the construction of this project was started in 
July 1923 and it has been in progress for over six years. From the 
experience gained during this period it is possible to make a surer fore­
cast of how the scheme may shape, what further expenditure may be 
needed and what results should be expected from it. 

Cost of Project 
70. , Th~ project estimate as originally sanctioned by the Secretary 

of State .amounted to Rs. 18· 35 crores. The Chief Engineer first 
prepared a revised recapitulation without altering the amount and this 
was sanctioned in a Bombay Government Resolution dated the 7th 
September 1925 .. · After some further experience of construction and 
closer examination of details, the Chief. Engineer prepared a second 
revised recapitulation amounting to Rs. 20· 04 crores and submitted the 
same to Government on 3rd February 1928. Although this second 
recapitulation is not formally sanctioned, work is proceeding in 
accordance therewith, presumably with the approval of Government. 
The original sanction is exceeded by Rs. 169 lakhs so far. .An abstract 

_ of the revised estimate is given in Appendix VI which shows- both -
estimate and expenditure, side by side, under the principal heads of the 
project as they stood at end of May 1929. It will be seen that the total 

. cost of the works proper is Rs. 1,761 lakhs and the value of work 
executed against it is Rs. 774lakhs or roughly 44 per cent. Including-. 
establishment and tools and plant the total direct charges in the 
estimate amount to Rs. 1,976 lakhs and the expenditure against them 
Rs. 976 lakhs or roughly 49 per cent. · 

Precautions to avoid Excesses over Estimate 
71. The Chief Engineer is confident that there will be no excess over 

his latest revised estimate of Rs. 20· 04 erores which he states will be 
the V.ei! outside figure. We were assured that he has so organised things 
and lB m such close touch with details that the occurrence of unforeseen 
excesses seeUIS improbable. Should however occasion arise to, exceed 
any of the sectional ~stimates already sanctioned, such excesses should 
be met by corresponding savings, if necessary by omitting or postponing 
some of the less urgent works. 

Such postponement in this case seems feasible. The extent of 
additio~al irrigation expected in 10 years from the date the canal system 
comes mto operation is about 1, 700,000 acres. The further extension 
expected after that p~od will be roughly 1,710,000 acres (Appendix 
ill): It should be p~ss1ble to effect some appreciable savings by post­
porung the construction of distributaries and other connected works 
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required for areas which are not likely to be cultivated for 20 or 30 years 
more. We are .aware that there will be difficulty in picking out such 
areas fo: exclUSion but an effort should be made. No object is gained by 
completing the works for the entire area so far in advance of their 
actual use. 

Completion Programme 
72. As explained before, the Chief Engineer estimates that it would 

be possible to complete the Barrage and the bulk of the canal works so 
as to make water available for irrigation from the commencement of the 
kharif season of 1932. It is important that this programme should be 
rigidly adhered to, for any delay would mean increased charges under 
establishment and debt, and postponement of returns, We noticed 
that the Engineer officers in most Divisions felt confident in their ability 
to complete the works assigned to them by the dates fixed by the 
Chief Engineer. H the estimate is not to be exceeded the amount to be 
expended during the next three years, omitting such works as drainage 
cuts, etc., which will necessarily have to be taken up after commencement 
of operation,- will be· about Rs. 750 lakhs. This will mean a yearly 
outlay of Rs. 250 lakhs. The expenditure in the 'current year is expected 
to be Rs. 280 lakhs. The heaviest sections of the canals, it should be 
remembered, have been completed already. 

Chief Engineer's latest Forecast-Two Stages of Development 
73. The latest forecast of revenue and expenditure prepared by the 

·Chief Engineer shows that at the end of 10 years from commencement 
bf operations (1932), the area· brought under irrigation would be 3· 7 
million acres (including the area of 2 million acres under the older 
canals), thegrossrevenueRs.199lakhs and working expense Rs. 46lakhs, 
leaving a net revenue of Rs. 153 lakhs. Deducting the assumed present 
net revenue from the 2 million acres of old irrigation estimated at 
Rs. 36 lakhs, the net increase ofrevenue will be Rs. 117 lakhs. On a 
capital outlay of Rs. 20· 04 crores, this increase of revenue represents a 
return of · 5· 8 per cent. This may be considered the First Stage of 
irrigation development. _ 

At the end of 30 years from the date of commencement of operation, 
it is expected that the irrigation will grow up to 5· 4 million acres and 
the gross revenue toRs. 299-50 lakhs. After deducting working expenses 
estimated at Rs. 67 · 78 lakhs, the net revenue expected is Rs. 231· 72 
lakhs. After deducting from this the present net revenue of Rs. 36 
lakhs as before, the net increase of revenue will be Rs. 191';· 96 lakhs or 
9· 78 per cent: on the capital outlay. This may be called the Ultimate 
Stage of development. 

The Chief Engineer's Estimate of Revenue Results 
- 7 4. The Chief Engineer's estimate of returns as furnished to us 
closely follows what the Government of India prepared at the time of 
transmitting the project for the sanction of the Secretary ~f . S~te. 
According to the definition in the Public Works Code, an ungation 
project is regarded as a productive work if at the end of 10 years from the 
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date it comes into operation, it is able t<i.-give a return equivalent to 
the interest charges on the sum-at-charge. If we assume that all 
accumulations of interest in excess of the estimate of Rs. 20· 04 crores 
will be met from the proceeds of land sales, the net return derived at the 
end of 10 years, taking interest at 5! per cent., should be not less than 
Rs. llO lakhs. · 

Government Forecast of Expenditure (White Paper) 

75. We have already drawn attention to an important Memorandum 
recently issued by the Bombay Government in the shape of a White 
Paper. entitled " Sind and the Lloyd Barrage " which deals with the 
various questions awaiting settlement. 

The White Paper gives only forecasts of expenditure but not of income 
or revenue. It is stated that Gov~rnment are having a fresh examination . 
made of figures under the latter head and that a separate report will · 
follow. We presume that is because the policies to be adopted are still 
under their consideration; Government have desired us not to go into 
the financial aspects of the scheme as a whole. We have therefore not 
attempted to prepare a financial forecast of our own but, since the ques­
tion is under the consideration of Government, we trust it may not be 
out of place to offer a suggestion or two in this connection based on our 
scrutiny of the circumstances of this project. 

(1) Appendix A to the Whit!l Paper .puts the capital cost of the 
sc!teme including interest at Rs. 25· 25 crores up to end of year 1934~35. _ 
According to Appendix B the yearly instalments from 1935-36 for . 
repayment of capital and interest charges in this connection will be 
Rs. 145 lakhs per annum. 

. . 
. We have assumed that it will be possible, and that every effort will be 
made, to meet all the charges for interest and sinking fund in excess of 
the original estimate of Rs. 20 · 04 crores, from the proceeds of land sales. 
~or reasons which will be fully explained in Chapter XI, we consider there 
IS a strong case why the responsibility of financing this project should be · 
taken over by the Government of India together with a reasonable share 
of the prospective revenues from the scheme. · 

(2) Appendix B to the White Paper gives a forecast of expenditure . 
under 7 heads which include new measures and developments, ·other 
than engineering, for promoting irrigation under the Barrage Scheme. 

Some small additions to this expenditure seem necessary as in our 
opinion they will prove highly beneficial. Since the development of 
agricul~ure is part of the work of preparation for the future the recurring 
expenditure under it should, we think, be Rs. 1 la.kh in 1930-31 rising 
to Rs. 3 lakhs in 1935-36. 

Similarly P7Dvision should be made not only for prinlary education 
but also for ~1gher education in agriculture, engineering and commerce, 
to make avrulable a fair supply of technically trained men for future 
needs and developments. A sum of Rs. 1 lakh may be advantageously 
expended under this head in 1930-31 and Rs. 2lakhs from 1931-32. The 
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amount may be further increased from 1932-83 when the new Barrage 
irrigation will begin to earn revenue. _ 

76. Under Roads it is suggested that no time should be lost in making 
a b~ginning, and a recurring expenditure of Rs. 5 lakhs per annum may 
be mcurred from 1930-31. Expenditure under this head will be a very 
re~une~ative outlay. Th~ roads help to open up the country and by 
their domg so, land sales wrll fetch better prices and marketing conditions 
will be grea~ly facilitated. The cultivators will be enabled to earn more 

· and pay increased water rates to Government. Only those roads and 
~art tracks should be taken up at first which will help the future irrigation. 

The increased expenditure under these three heads will on an averago 
amount toRs. 6.lakhs per annum for the three years 1930-31 to 1932-33. 
After the latter year, the net revenue from irrigation will be large enough 
to justify a more liberal outlay on all such improvements. 
- We agree with the Chief Engineer that it should be possible to obtain 

a return of not less than 5! per cent. on capital outlay at the end of 10 years 
to bring the work under the definition of a productive undertaking. 
But there is a large amount of work to be put in, much of it outside the 
sphere of engineering, in order to achieve this result ; and we would urge 
that no time be lost in formulating definite policies and creating agencies 
to give effect to the proposals contemplated in the White Paper and the 
recommendationa made in Chapters VII and VIII of this report, for 
securing progressive development of irrigation and revenue. 

It should be remembered in this connection that if the work by any 
chance fails to earn enough within 10 years from commencement of 
operation to bring it under the definition of a productive work, the loan 
to the Government of India will become repayable in 30 years instead of 
50 and there will be a corresponding increase in the burdena on the local 
Government. 

CHAPTER X 

CRITICISMS AND OBJECTIONS EXAMINED 

Need of a policy and programme to allay apprehensions 
77. A conaiderable amount of criticism has centered round this 

project from the time its principal features came to be known. Ahnost 
every phase of it has been attacked at one time or another. As stated 
in Chapter I, there have been critici•ma in Parliament, in the Bombay 
Legislative Council, by representative Zamindars an~ cultivators and·, 
by writers in the public Press. Several retired Engmeera have taken 
part and objected to some feature or other of the project. The _llfcmbers 
of the Bombay Legislative Council, pa~icular!y those co~g from 
outside Sind have concerned themselves chiefly wrt:i. the financtal aspects 
of the sche:Ue in which their constituencies are specially interested. 
Their fear is that the estimates may be exceeded, as estimates have a 
tend.ency to do through delays in execution or other causes, that interest 
charges on the debt may go on accumulating, and that the scheme play 
prove unremunerativefu the long run and throw a heavy burden on the 
Bombay tax-payer. These apprehensions will continue to grow until a 
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workable programme of development and finance satisfactory to ajl 
interests, and understood by all the parties concerned, is devised and 
consistently given effect to. -

ENGINEERING CRITICISMS 

Danger of Shoaling and Avulsion _. _ 
78. Objection has been taken to the site chosen for the Barrage. It · 

is urged that obstruction to the flow is liable to disturb the regimen of 
the river bed and that. any considerable depth of ponding is likely to 
cause the Indus to desert its present course above the go~ge, leaving a 

. costly barrage high and dry. · 
While there is no likelihood of the river short-circuiting near the site, 

its course above the gorge cannot be said to be free from the risk of avul­
sion, whether a barrier is erected or not. -A barrier will no doubt enhance 
the risk, but the proposed Barrage is not a solid weir, its floor is placed 
at a sufficiently low level and there is left a wide enough waterway 
through it to ensure that existing conditions are as little interfered with 
as possible. The difference of water level between the gorge ahd the 
barrage site in the inundation season when the river will be carrying most 
silt determines the limitations of affiux at the latter site, and it is possible 
with due attention to these limitations to maintain the river course 
stable. 

Silting at Canal Head-
79. There ·will certainly be silt trouble at the heads of some of tli.e 

canals as designed ; the Nara Regulator is a veritable silt trap if worked 
with a sill at R. L. lSI· 64 and we have therefore suggested the raising 
of the sills to R. L. 184 · 00 wherever they are below that level. · 

Value of "N " in Kutter's Formula 
It is stated that in calculating canal discharges too low a value is_ 

assumed for "N" in Kutter's formula, The opiniop. expressed at the 
Simla Irrigation Conference of 1904 was that a value of · 02 for "N " 
in Kutter's formula was suitable for large canals and of · 0225 for small 
c~nals ~nd branches, and this view is supported by n1,1merous observa­
tiOns smce made. The canals in Sind will be smoother the soil being. 
finer than in the Punjab, and they will carry a good deal of silt to lute 
up the wetted area. The value of " N" assumed for this project may 
be a_cceJ?ted as quite reasonable. Several years must elapse before the 
cult1vat~on under the canals can reach its full development. During 
the ~rl~er years the ':'al~e of " N" is immaterial, but as years go on and 
cul~vat10n .e~ends, 1t IS not unreasonable ·to hope that the canal 
effic1ency will unprove and the value of " N " will '(le · 02 or even less. . - - . 

Duties objected to as too high and unrealisable 
' 80. There is anxiety on the part of some Zamindars that the duties 
h~ve been plac~d too high. They are now getting at times a larger 
d1scharge than IS proposed to be given under the new scheme. / 
~rough the co~t-esy of the chlef Engineer in Sind we are enabled to 

furuish the followmg comparison between the figures giving the !lvera~e 
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withdrawals of water forth~ canals in the B~rrage zone during the years 
1924 to 1928, and those allowed in the Project. . 

Month 
1924 
. 

April 
·. .. .. 

May .. 641 
June .. 12,025 
July .. . 43,224 
August .. 54,266 
September .. 29,642 . 
October .. ·3,944 

Draw off of canals in Barrage area 

Hl25 1026 1927 

.. .. .. .. 2,487 .. 
. 14,574 ll,O:J6 5,357 

38,839 25,751 27,861 
53,026 48,483 51,126 

I 
9,309 39,270 20,631 
1,053 2,476 1,807 

I 1928 

I 

4,134 
29,780 
37,0H2 
36.033 
26,854 

I 2,915 

Di.<~char~t' • 
n llllOWl•d i 

tho 
Project 

30,871 
4U,fl41 
40,457 
4U,457 
46,457 
4n,4r.7 
2?,t:n 

The draw ofi by the present canals in the month of August was certainly 
greater in four years out of five, but it is obvious that the total quantity . 
of water suppli.ed during the kharif sesson was very much less than what 
is proposed to be given in future. The supply in the month of May was 
negligible, that in June was much below requirements, while in the 
month of September the ,crops must have sufiered badly owing to short­
age (lf water in at least one year (1925). 

The duties proposed as average distributary head duties are, in our 
opinion, reasonable, and ~he compa<ison we have made should clear up 
any anxiety on this score. We realise that the kharif area in the project 
is larger than what is now cultivated and also that better outturns from 
crops are expected. But it is desirable on sanitary and other grounds 
that no more water should be applied to land than is necessary. Thi• 
may demand more labour from the cultivator but it should be 
forthcoming . 
. As to the carrying capacities proposed for the canals, we have said that 
they are rather on the low side. The quantity of irrigation water 
_required for a crop varies greatly at different times and the actual rate of 
supply needed during a period of pressure has to be provided for. With 
a view to economise in channel section the heavy waterin!,'B are given by 
rotation for a period extending to two or even two and a half months. 
The project proposals, however, centemplate running the canals at full 
supply for four months, which is carrying this desire for economy too 
far. It practically amounts to making the maximum capacity duty 
coincide with the average duty for the crop period. 

Intensity of Cultivation too high 
81. The basis of the sanctioned pr~ject waa that 87 per cent. of the 

commanded area waa available as culturable and that 81 per cent. of 
thls latter area could be brought under irrigation .. Objection has been 
taken to both these ratios and the intensity of irrigation is considered too 
high. 

In the latest revised proposals the percentage of available culturable 
area to gross area haa rise·n to 90· 1 and that of irrigated to cultumble · 



area to .82. This means that the intensity on the gross area, will be 
74 per cent. as against 71 per cent. in the sanctioi_J.ed proposals. There can 
be no objection to these high intensities on the Central Rice Canal, but 
on perennial canals they seem objectionable, for reasons explained in 
Chapter III. We do not think it safe to raise the intensity above 60 per 
cent. on gross area ; we should even prefer a lower figure. In their 
order No. W. I. 8601, dated the 30th August 1918, the Bombay Govern­
ment referring to the forecast of rabi area remarked that " it was not 
expected that this area would be reached at a near date but provision 
was to be made for it. In the financial estimates only 27 per cent. of 
culturable would probably be estimated as the rabi area ·~. This would 
~ring the intensity on gross area under 50 per cent. 

OBJECTIONS FROM ZAMINDARS AND CULTIVATORS 

82 .. The people under the Rohri and the North Western Canals are 
in·favour of the Barrage scheme and the Zamindars of the Central Rice 
Canal are opposed to it. At present these latter can take as much water 
as they choose so long as it is available, and the farm labourers can water 
their crops at their leisure. When water is doled out by measurement 
in future, the labourers have to be in constant attendance and the cost 
of cultivation will grow. The Zamindars will also be put to some 
expense in remodelling their water collrses (karias). These minor 
inconveniences should be put up with in view of the greater good the 
scheme will do by providing a steady, in place of the present precarious; 
supply .. 

The chief objection to the Barrage scheme comes from the miltivators 
under the Fuleli Canal near H yderabad, the supply to which is expected 
to be curtailed. We consider that an effort should be made to extend 
the benefits of the Barrage scheme to areas under the Fuleli Canal and 
also to areas lower down the river on the left bank by increasing the · 
discharge in the Nara River and we have made a defui.ite suggestion to 
this end. We have not had time to work out detailed proposals brit we . 
trust that the necessary investigations will be carrie(\ out. · 

It has been brought to our notice that this extensi~n might be objected 
to. by the Government of India on the ground that it would entail the 
wtt~drawal of _larger quantities of water from the river than is provided 
for ~ the proJe?t. The qovemment of India embargo can only apply 
to "?thdrawals m the rab1 Beason, and this is not what we are contem- . 
platmg. In the kharif season no doubt a larger draw off will be neces-· 
sary under our ;propo~l but the excess quantity drawn off will be only 
a part of what. Is runnmg to waste in the river at present. Lower Sind 
~nnot be depnved of the supplies it was getting hitherto, and our sugges­
tiOn merely amounts to saying that a part of these supplies should 
be delivered at a higher level. 

W ~ understand that the .cultivators along the Karachi Canals are 
not hkely to be affected to the same extent as those under the Fuleli 
Canal. 



4o 
·CRITICISMS RELATING· TO CONSTRUCTION 

Extent of Lift Irrigation 
83. It is alleged that canal beds luive been lowered and tba~ it would 

lead to increase in lift irrigation to the de~riment of canal revenue. There 
will be some lift irrigation, but we understand tliat it will not be appreci' 
able and not likely to exceed 5 per cent. of the total area except in the 
Nara tract where old conditions will more or less continue. 

Expenditur11 on Staff, Buildings, Quality of Work, etc. 
84.- Objection has been taken to the scale of expenditure on staff 

and buildings and it is also alleged that the quality of ~he masonry at tho 
Barrage is inferior. We have specifically dealt with these matters in 
paragraphs 31, 42 and 43 to which we would invite attention. 

- Expenditure on Tools and Plant and Steel and Iron Work 
85. The extensive use of mechanical excavators is objected to on the 

ground that it deprives employment to Indian labour to that extent. 
The investment in tools and plant and steel and iron work is also 
considered excessive. We do not share the view taken with regard to the 
excavators, but we consider that for a work of this nature which involved 
an expenditure of no less than Rs. 3! crores on special tools machinery, 
plant and other steel and iron work, more thorough preliminary enquiries 
should have been made. An Officer-preferably the one ~elected for the 
future control of the work-should have been placed on special duty to 
visit works in progress and examine machines and plant used under 
similar "circumstances in Europe and in America. Further more, the 
selection of machinery should not have been left to the discretion of any 
single Engineer. One or more Mechanical Engineers of experience or a. 
Committee of such Engineers should have been associated with him in 
ordering out the machinery. Had those precautions been taken it would 
have resulted in economies besides hastening progress on construction. 
Mere visits to Manufacturers' works or consultations with the Director 
General of Stores or the Consulting Naval Architect could not serve the 
purpose. · 

FINANCIAL OBJECTIONS 

86. Lastly we come to the apprehensions felt regarding the financial 
prospects of the scheme. A great many objections proceed from this 
cause. 

It is said that to credit the enhanced revenue from rice cultivation to 
the Barrage project is unfair. The Barrage scheme will confer a great 
benefit by giving steadier supplies over the full period of the rice season 
instead of the unsatisfactory supplies obtained at present and it is there­
fore fairly entitled to the enhanced revenue. 

Objection is taken to the provision in the estimate to debit to the 
· Barrage project the cost of the Khirtar Branch of the North Western 
Canal in Baluchistan-Territory. The anxiety of the Sind people in this 
respect is probably due to the preferential treatment a.ccorded on the 
Desert Canal, owing to which it is alleged that 'the Bombay Government 
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bas suffered an aggregate loss 'of Rs. 31·74lakbs, the net loss during the 
year 1923-24 alone being estimat<>d at Rs. 1•15 lakhs. we understand 
that the Government of Bombay have already addressed the GovernmeJ).t 
of India in this matter and it is likely that the latter Government will · 
pay for the Baluchistan share of the work and take over the net revenue . 
from irrigation in that quarter. _ 

Doubts are entertained that the. provision made for working expenses 
in the forecast of irrigation and revenue will not be suffic.ient. The rate 
adopted, inclusive of charges on account of maintenance. of the head 
works is Rs. 1 • 26 per acre of cultivation, and it is based on the assumption · 
that the high intensity of irrigation expected will autoamtically reduce 
the acreage rate. We have misgivings whether the high intensity of 
irrigation assumed will be attained. · But whether it is ultimately reaijsed · 
or not, a higher allowance for working expenses will have to be made for 
the early stages during the time the cultivation will be developing. It is 
not possible to forecast conditions 30 or 35 years hence, but the working 
expenses 10 years after completion of the project will certainly be more 
than- Rs. 1·26 per acre. The Jamrao Canal may have had that :rate 
25 years ago, but for the quinquennium 1922-27 the actual rate was as 
high as Rs. 2 · 72 per acre.. With greater intensity of irrigation this figure 
will no doubt be reduced, but jt cannot be expected to go down so low 
as Rs. 1 •26. The cost of labour bas risen and the revenue and irrigation 
establishments needed for the efficient working of canals on modern lines 
will necessarily be expensive. 

It is said that the work may take more time than was estimated and 
in th_e meantime there will be no returns while interest charges will go 
on accumulating. The original prograllli!le of construction has not been 
adhered to in some respects ; the progress on the Barrage for instance is 
18 months behind the original forecast. · Some allowance should be made_ 
in the case of the Barrage because, on account of the difficult nature of 
the work, the time required for construction could not be accurately 
estimated. · Ho~ever, as a set off to this delay, there has ~een a speeding 
up of cons.tructiOn under canals, nearly all of which are expected to 
commence working by April or May 1932. A great effort is being made . · 
to realise this expectation. · · -

Doubts are also entertained whether the land sales will bring'in sufficient 
money to make an appreciable contribution to the capital required or to 
reduce the borrowings or meet the interest charges thereon. This must 
for the present remain an uncertain factor but the chances of realising · 
appreciable sums from this source will depend on the rapidity with which 
prep~ations indicated in Chapters VII and VIII are made including the 
operung up of the country by roads and village tracks. 

It is stated that the estimated cost of the project is liable to be further 
exceeded. T~ is a very real fear. In the case. of the Lloyd Barrage 
~heme there IS already an excess of Rs. 169 lakhs. It is reported that 
Ill th? case ?f the Sutlej Valley Project, an estimate o~ Rs. 1,460 lakhs 
sanctioned m 1920 has been exceeded by 916 lakhs. Our enquiries 
however go to show that very great care is being taken by the Chief 
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·Engineer to _control excesses and if the· same hi~her en~ineerin" stuff 
remains in control of the works, it should be quite possible to oo~plete 
the project within the revised figure of Rs. 20 · 04 crores .. 

We have dealt, we believe, with all the principal points which have 
been the subject Of comment or animadversion in this connection. The 

·project is the big~est irrigation scheme of its kind undertaken in any part 
of the world and It was not to be expected that it would escape search in~ 
scrutiny from various interests and points of view. The work is a fait 
accompli and no useful purpose will be served by prolonging controversies. 
It is now the duty of every official and of every patriotic citizen not to 
dwell on old objections but to accept conditions as they are and offer 
constructive suggestions and otherwise help forward the interests of the 
scheme. 

CHAPTER XI 

ACTION FOR THE FUTURE 

The Scheme an All-India Responsibility 
87. According to the White Pap~r issued by Government the capital 

expenditure on the scheme including interest charges- is expected to 
amount to Rs. 25· 25 crores by the end of 1934-35. The actual capital 
outlay excluding interest charges is expected to be Rs. 20· 04 crores. 
An idea may be formed of the magnitude of this outlay when it is stated 
that the total cost of productive irrigation wMks so far constructed in the 
whole of British India is roughly Rs. 75 crores. The expenditure on the 
Lloyd Barrage project will amount to nearly 27 per cent. of that amount. 
The project if developed on sound lines will revolutionise economic 
conditions in Sind and there can be no doubt also that it was a desirable · 
work to undertake in the interests of Inilia as a whole. 

But Sind is a sub-Province with a-population of only 3·28 million 
souls or 16· 9 per cent. of the total population of the Bombay Presidency 
and 1· 03 per cent. of the whole of India. The sub-Province is not 
contiguous to the boundaries of the rest of the Presidency. Next to 
those of Sind, the people who would take advantage of the Barrage 
Scheme will be not the inhabitants of the rest of the Bombay Presidency, 
but the people of the Punjab, 1\Iarwar, Cuteh, Makrana and other 
Provinces and States which surround Sind. Much of the benefits of the 
scheme outside Sind will go not to the Bombay Presidency but to the 
people of these other parts of India. As much as 83 per cent. of the 
population of this Presidency has no interest in the project except to the 
extent of being responsible for the debt involved, till the work is able to 
pay for itself. 
Befor~ the Government of India Act of 1919 came into force, productive 

irrigation works in whatever province situated were being financed by 
·the Central Government who also received the net revenues from them. 
They had, under their control, a large number of prod.uctive works all 
over India. Some of them were highly remunerative, some gave mode­
rate dividends and there were others under construction which did not 
give any returns at all. Any losses due to interest charges on the latter 
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two c)aSBeS of works were made good by the )arge number of completed 
works of the first class: So, when formerly' an irrigation work of this 
description was under construction or was being developed, it formed 
one of many, and the entire body of productive works gave a handsome 
return of 7 to 10 per cent. In the case of the Lloyd Barrage and Canals 
Scheme, not only has the capital cost to be met by the BombaY. Govern­
ment but also the interest charges during construction because there are 
no large productive works under that Government to bear or share such 
charges. 

In the United States. of America the Central Government provide the 
capital and construct large irrigation works (locally termed Reclamation 
Works) and on completion hand them over to the local State authorities 
for operation, the responsibility of the State being lin;)ited to the . 
repayment of the capital in easy instalments but without any charges 
for interest. The Central Government's liberality in this respect is 
dictated by the considemtion that such works increase the prosperity 

· of the 'country as a whole, and that every new work is a prospective 
soureo of direct and indirect revenue to the Central Government. 

It will be seen too that the cost of the project compared to the yearly 
revenues of the Bombay Government is abnormally high and the finances 
of this Government have been none too prosperous since the close of the 
War. This "flork is without question an all-India responsibility and its 
burden should be borne by the broader shoulders of the Central Govern­
ment. To construct one of the world's greatest schemes in a detached 
sub-Province containing a population of a little more than 1 per cent~ 
and to make a Presidency with 6 per cent. of that total population, the 
bulk of which does not share in its benefits, responsible for the whole 
cost seems hard on the latter. The Government of India recommended 
the scheme at a time of transition when the hardships it would entail 
were not fully realised and it is but fair that they should now come to 
the rescue. 

Principal Points for Attention 

88. We have said enough to show that .although the construction 
part of the scheme is being pushed through rapidly, preparations for 
irrigation and other aSBociated developments have lagged behind.· We 
will now state categorically the principal points which require attention 
and the manner in which in our opinion that attention may be bestowed. 

(i) Every precaution should be taken that there will be no excess 
over the revised estimate of Rs. 20 · 04 crores. This should be secured, 
if P?ssible, by ~ailing for a special review or report on·the progress of 
cap~~) expenditure at the beginning of every half year . 

. (n). All necessary steps should be taken to ensure that irrigation is 
speedilY: developed s? that the scheme may retain the character of a 
productive undertaking by earnina a suffi~ient return on the sum-at­
charge _within 1? years from the co~encement of operation. · 

If this. r~su~t 18 secured, the scheme will at once become popular and 
the public will not grudge the fnrther outlay needed to carry it 
through to the ultimate stage contemplated. · 
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' · (iii) The ultimate stage of the scheme aims at a high intensity of 
· cultivation and high returns on the project, namely, 9 to 10 per cent. 

It would not be safe to assume that these result..• will be achieved 
without adopting special methods or making efforts out of the ordinary. 
The intensity of cultivation assumed may not be fully realised. In 
that case the extent of area under Barrage irrigation should be increased 
and preparations made to grow high-rated crops by adopting scientific 
methods of cultivation. This result will not follow as a matt<?r of 
course with ordinary routine methods ; a higher form of organization 
and administration will be needed to stimulate effort on the part of 
every one concerned. 

The measures and developments necessary for (ii) and (iii) are 
described in Chapters VII and VIII. They are required on a moderate 

, scale for the first stage, and in an in tenser form to achieve the results 
aimed at for the ultimate stage. 

(iv) From ·the extraordinary occurrences in Sind due to heavy rain 
and floods reported within the past few weeks, the impre.'lSion is 
strengthened that -what the province most wants is protection from 
floods and relief by means of drainage works. 

This is its primary need. Unless safety of life and property is first 
secured, the chances of building up a profitable agriculture and pros• 
perous peasantry in Sind are not very reassuring. 

Action for the Future 

. · 89. The White Paper issued by Government deals in detail with most 
of the subjects requiring action for the !uture. The first of these is 
funds. Money is required for construction and to meet interest charges 
on the capital borrowed. And fund~ are also required for carrying out 
measures needed to extend irrigation rapidly and the several associated 
developments enumerated above. 

There -is no difficulty about money required for the construction of the 
project. The Government of India are lending the sums needed although 
they are only acting as bankers. The responsibility for financing the 
scheme at present rests entirely with the Bombay Government. We. 
have stated that it would be in the fitness of things to appeal to the 
Government ·of India to take over, as a special case, the responsibility 
or a share of the responsibility for the capital outlay including interest 
charges, and also a reasonable share of the profits from the scheme. 

Ail regards funds required for building roads, strengthening the 
agricultural staff etc., it is believed that all the demands can be met 
from the sum of'Rs. 10 lakhs provided from the Famine Fund supple:­
mented by a grant of Rs. 6 Iakhs from the general revenues up to the 
end of the year 1934-35. Thereafter all such charges might be. met from 
the revenues of the project. 

Rapid decisions should be. taken on all pending questions. We believe 
.the decisions have been delayed on account of, next to lack of funds, the 
difficulty of o~taining the consent of the Legislative Co~ncil yr e will 
·only "Tep'lSt that the success of .the scheme from every .pomt of v1ew will 

JlO-. 23-7 
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depend upon the thoroughness and speed with which d~isions are taken 
on all problems awaiting settlement and upon the capactty of the agency 
employed to give effect to them. 
• We have stated before that Government have appointed a Standing 
Committee and are contemplating the appointment of an Advisory 
Committee. It would be well to make the best use of these bodies but 
in order that they may function effectively it will be necessary to have 
two Executive Officers or Secretaries who, besides working with the two 
bodies, will be also directly responsible to Government. One officer 
will be required to deal with matters pertaining to irrigation and another 
for all work connected with land, civil administration and other associated 
educational and economic developments. It is unnecessary for us to go 
into further details. · · 

A "large modern irrigation scheme like this will not yield its best results 
to routine methods and to the primitive business organization which is 
at present seen in the rural areas. The new developments should be on 
scientific and up to date business lines. If the necessary measures are 
adopted on the. scale they are needed, there is every prospect of the 
scheme fulfilling the expectations formed of it in the ultimate stage. 

CHAPTER XII 

GENERAL SUMMARY-PRINCIPAL RECOMMENDATIONS 

View of Scheme as a whole 
' ·. 90. The Lloyd Barrage and Canals Project was developed into its 
present shape at a time when optimistic views prevailed in the country 
.regarding production and trade, and high expectations were entertained 
of an economic upheaval. When the Government of India sent up the 
project to the Secretary of State in December 1920 the public had no 
definite conception of what the normal condition of things would be after 
the War. Although much labour and care had been bestowed on the 
preparation of the project, the final estimates seem to have been put 
together in a hurry at the time of their submission to the Government 
of India. In the belief that the provision made in the estimates was 
insufficient, the Government of India added to them a sum of Rs. 255 
lakhs before transmitting the project, with their approval, for the 
sanction of the Secretary of State. · · 

The scheme is one of unusual magnitude and responsibility. This 
single scheme when completed is expected to add about 3! million acres, 

· or over 15 per cent., to the existing irrigation in British India under all 
Government irrigation works for which capital accounts are kept. Sind· 
is an undeveloped tract with an unfavourable climate and a working 
population the majority of which is illiterate and ease-loving. In no·' 
other part of the world is to be found a work constructed under conditions 
closely resembling this to serve as a gnide. The river constantly shifts 
~ts course, its behaviour is u_n?ertain and treacherous and 'its hydrography 

. JS not eorrectly known. Critics have foreshadowed danger from avulsion, 
shoaling, ailting of canals, water-logging and the like. Last year there 
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was a sudden unusual rise in the river level which caused interruption 
to progress of works in the river bed. In the current year we have 
witnessed abnormal rainfall in parts of Sind which flooded low areas 
this was followed by a p~ic on the bursting of the Shyok dam and, withi~ 
the past few days, heavy rain in the Punjab has led to a disastrous inun­
dation in many parts of Sind, the full effects of which are not yet correctly 
known. With such experiences before us, who can say that there are 
no elements of risk in the Barrage Scheme ~ 

But Sind needed an irrigation project which could give an assured 
supply for its cultivation, and the new project is expected to increase 
the irrigated area to twice its present size. The production will be 
pro9,ably quadrupled. It is not to be expected that a great complicated 
_scheme of this magnitude will be perfect in all its details. Naturul 
con~itions will not lend themselves favourably in every direction and no 
big undertaking of this size can be carried out without risks and without 
interfering with some local interest or other. Should unforeseen riRks 
or difficulties a~se In future the resources of engineering should be able 
to cope with them. We have dwelt on some of the defects at length but 

- taking the scheme as a whole we can think of no better or clearer alterna­
tive. The scheme is expected to make an appreciable addition to the 
production and food supply in this part of India and it will bring pros­
perity to Sind. 

The chief characteristic of the undertaking is its boldness of conception 
and. unusual size. The Government of India as well as the Secretary of 
State have complimented the Bombay Government on the perseverance 
and breadth of vision displayed by them in putting it forward. It also 
reflects great credit on the individual Engineers and Administrators who 
were associated with its preparation, or advanced it to the stage of sanc­
tion. The works are being executed under the supervision of Engin~ers, 
of whom the controlling staff belong to the permanent service of the 
Bombay Public Works Department which is a guarantee that the execu­
tion of the works is proceeding on a high plane of integrity and efficiency. 
We have nothing but prai~e for the services these officers are rendering 
and the whole of this large scheme is controlled and administered with 
admirable devotion and energy by the present Chief Engineer lllr. C. S. C. 
Harrison, C.I.E. 

CONCLUSIONS SUMMARISED 

91. ·we have, particularly in the last two Chapters! reco_rded ~ur views 
on the more important features and needs of the proJect, mcluding most 
points which have been" the subject of controversy. We have given 
prominence to certain fundamental questions that await early settlement. 
Our main conclusions may be summarised as follows:-

(i) The site selected for the Barrage is a favourable one and the 
engineering designs of the scheme, save those to which we have ta_ken 
exception, are suitable and satisfactory.. : . . . 

(ii) Difficulties may arise from shoahng m the nver bed, ~·ltmg _of 
canals or water-logging over large tracts of country but I!IICh difficulties 
should be kept under scientific observation and timely remedies 
applied. 
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. (iit1 J uciging from the ·.difllcult 'work already 'completed hi the river 
bed the successful construction of the Barrage seems assured. The 
co~ruction of the other parts of the scheme is also proceeding satis-

. factorily. . 
(iv) The details of t)le scheme were not ·as full! worked out or . 

checked as they might have been before constructiOn was actually 
commenced. · Better preliminary preparation might have reduced 
the costs and proved an· advantage in other ways. 
· (v) Machinery and·plant might have cost less had det~ils been gone 

into more fully with the assistance of a firm of Consulting Engineers 
· or a Committee of lllechanical Engineers accu&tomed to handle large 
workshops or factories. · 

(vi) Having regard to the flatness of the country and the insuffi­
ciency of free outlets . for water poured on to it, the inten.s_ity 
of irrigation assumed seems too high. The acreage rate of workmg 
expenses assumed .will be found to be too low, at least in the initial 

· stagCI! of operation. 

(vii) The capacity of the canals might have been slightly larger to 
provide for sudden abnorma.l demands that arise in the kharif season . 
. (viit1 The Scheme was needed to enable Sind to obtain its _legitimate 

share of the Indus waters along with the Punjab, and for the more 
economical use and distribution of the available supply between the' 
two Provinces. 

(ix) The value of agricultural production in the ultimate stage of 
the scheme may amol!Jlt to Rs. 30 or 35 crores annually as against 
about Rs. 8 crores obtained at present from irrigation works of all 
classes in Sind. · 

(x) The Scheme is a potential source of great prosperity for Sind 
and the people of the Province as a whole welcome it. 

PRIIICIP4J. RECOMME!IDATIOIIS 

92. ~e following is a summary of our suggestions for ensuring the 
future unmterrupted progress of the scheme and its success as a produc­
tive undertaking :-

(i) The Chief Engineer has a programme according to which the 
Barrage ~d the.main .canals will be completed and the greater part 
of the ~roJect brought mto operation by 1932. He may be requested 

. to furnish half-rearly rep?rts to show how the expenditure ia 'shaping · 
aa comp~r~ '!'lth the estunates, to make sure that •he financial pro-
gramme lS ngidly adhered to: · . , 

Unless special circumstances intervene there should be as few 
· changes as possible tilll932 in the personn;l of the Engineering staff of 
• the higher grades responsible for the programme. 

(i•1 The work should be completed within th~ revis~d estimate of 
Rs. 20·04 crores. or including interest-charges Rs. 25·25 croi:es by 
19~4-35. . A spec1~ effort should be made to complete all working 
estimates and obtam or record sanction to them by 31st March 1930. 



53 

(~ii) Excesses over estimates, if,any, should be 'met by effecting 
corresponding savings, by the omission or postponement of some· of 
the noncessential works required for the ·ultimate stage . 

. (iv) .AP. the scheme is not expected to earn enough to pay the full 
interest charges on borrowed capital for I 0 years after completion, or 
for nearly 20 years from commencement of construction, the Govern­
ment of India should be approached to take over the whole or a 
substantial share of the debt and with it also a reasonable share of 
the future revenues from the scheme, the principal reason being that 
the scheme is too big . a financial proposition for the Presidency to 
handle with its slender resources, till the work begins to pay. 

If this is not done and if the land sales fail to bring in substantial 
proceeds, the charges on the revenues of the Bombay Presidency may 
prove a heavy burden and a source of continued e)llbarrnssment to 
the Bombay Government, for a long term. of years. 

(v) The first consideration of the Irrigation Department should be 
to make the work productive within 10 years from date of opening so 
as to give early relief or assurance to the tax-payer. · This is a practical 
step of the highest importance to give confidence to the public. 

(vi) It should be possible soon to reduce the establishment and 
overhead charges and effect economies by combining the Sukkur 
Barrage· Construction Divisions and the Regular Maintenance Divi­

. sions of the Public Works Department in Sind. 
(vii) Several questions connected with the preparations for the 

future are ·pending settlement, and rapid decisions seem neces.'lllry. 
The delay if prolonged will adversely affect the 1Jrogress and even­

, tually the financial prospects of the scheme. 
(vii£) River discharge observations should be taken and surveys 

made to watch the bed levels and changes in the river course, accord­
ing to the latest needs of the Barrage project. 

(ix) -The effect of the Barrage scheme on the guages at Sukkur and · 
Kotri ana on the full supply levels of the Fuleli and Karachi Canals 
should be observed regularly for at least 5 years after the scheme 
comes into operation in order to ascertain the extent to which their 
supplies will be permanently affected and to provide the remedies 
-they call for. 

(x) Estimates may be prepared after survey for the proposal to 
feed the Fuleli Canal and if possible also other lower left bank canals 
through the Nara River. 

(xi) The effect of Barrage irrigation on the sub-soil water levels of 
the irrigated tracts and the tendency to wate:.:_-logging should be closely 
watched. Detailed projects for the necessary drainage cuts and 
channels should· be kept ready so as to be able to put the necessary 
works in hand the moment circumstances necessitate their execution.· 

(xii) A Bureau of Research should be established and scientific 
investigation and research in irrigation and agriculture (described in 
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. Chapters VIII and IX) should be commenced and vigorously pursued. 
This work will be found to be invaluable fot the financial suceeas of 
the scheme. 
. (xiii) The Bombay Irrigation Act and the, Rules framed under it 
require modification to suit the future needs of the Barrage Scheme. 
The necessary amendments may be carried out by legislation as early 
as possible. 

(xiv) A concise account of the scheme should be prepared giving a 
summary and a complete description of the works and estimates as 
being carried out. A list should be appended to it of the principal 
publications and reports issued by Government,• Such· a publication 
is badly needed by the Engineers themselves and their staff. It will 
be greatly appreciated by the members of the Legislative Council and . 
the general pu~lic. We ourselves felt the need of one. · 

(xv) The Executive Engineers and lower officers should have oppor~ 
tunities o! discussing and becoming acquainted with the entire scheJile. 
More frequent meetings and consultations among the Engineers of all 
grades will be helpful in spreading a knowledge of the scope and 
objects of the scheme among them so as to ensure.their putting forth 
initiative and giving closer co-operation in future. 

(:wi) The policies followed by Government in the soiution of the 
questions pending settlement should be widely made known so that the 
cultivators, particularly the poorer classes among them, may have all 
the facilities needed to secure plots of land for themselves,_ to improve 
them and practise irrigation in a profitable manner. Suitable propa­
g~nda to make its policies,- objects and future prospects widely known 
Will smoothen the path of the Scheme. -
_ (:wii) As this is a quasi-~ommercial lindertsking the. issue of a 
Barrage Bulletin once a month similar to those published by Hydro­
Electric and other productive schemes in other parts of the world !s 
also ~ecommended~ The undertaking is. unique and sufficiently b1g 
and unportsnt to justify the issue of such a publication. 

M. VISVESV ARAYA, 

Bombay, 18th September 1929. 
ALI NAWAZ JUNG, 
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LLOYD BARRAGE AND CANALS PBOIECT, 

APPENDIX I. 

Area, Populatio,., Culll'vaJiort, dt., ift. Sired. 

Total area of Sind (excluding Khair­
pur State). 

Total oulturable are~ 

Area under cultivation (average of 5 
years ending 1U26-27). 

. Area at ,present irrigated in Ba.rrage 
. zone. 

Anticipated ultimate area of irrigation 
. in the Barrage zone. 

Population of Silid 

Population in B&rrage zone 
Present Revenue from irrigation in 

Sind (average of 5 years ending 
1926-27). 

Net Reven~e a.saumed for pnrpoaes of 
financial forecast in the 1919-20 
Barrage project. 

Total mileage of roads In Sind •• 
Mileage of metalled roads •• 
Total length of existing Railways in 

Sind. 
"Total length of existing Railways in 

Barrage zone, 
Average annual rainfall in Sind 

Average annual rainfall in Barrage 
zone. 

41,796-aquare miles or 26·74 
milUon acres. 

13•77 milJion acres (excluding 
0 ·2M million a eros in 
Knlat Territory), 

3•52 million acres (including 
8K,4U6 acnoe irrigated in 
Kalat Territory under 
the Sind P. W. D.). 

2,035,636 acres .. per 1910-20 Ba.r • 
rngr. project, 

5 ·as million aCres (exclusive of 
the area to be inip;atod 
in the Kb&irpur l')tatc 
but inclusive of irrigation 
in the NBSirabad 'l'ab..,.U 
of Kalat Territory). 

32,79,377 (of wwch 6,46,579 ii 
urban) .. 

About 2,000,000. 
Rs. 90,38,000 Groaa· (excluding 

Ra. 2,33,000 for ule of 
occupancy rights), 

Rs. 42,83,000 Net. . 
Ro. 35,76,1~7 (for area included ln 

Barrag~ zone). 

11;426 mfleo. 
98 miles. 

1,103 miles. 

. 628 miJ.,s. 

(average of 10 
ending 1926-27). 

Do. 

yean: 
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LLOYD BARRAGE AND CANAI.'I PROJECT< 

APPENDIX II. 

Staltmenl 1howing 111071lh by month minimum 11Upply in,lhe River Indus and the 
1upply required aJ the Barrage Head Works a1 Bukkur. · 

-
. 

.'1018 1919 1920 1921 1922 102-:i llonth 1017 

' 

1 2 3 • ,6 6 7 8 

1anoary .. 2-I,HiS 3R,623 21,781 31,626 Sl;OSO 37,065 • '32,449 
' 

!'cbnuuy .. 23,3().1, 20,500 26',727 83,302. . 80,188 85,804 40~~34 
-

lludl .. 17,722 28,083 27,117 35,980 22,532 38,140 ;oo,74S 

April .. 17,568 83,611 50,180 4.8,184 36,234 44,06p "68,188 
I I 

.)lay .. 27,000 124.,635 81,829 64,054. 60,915 80,660 l10,648 

J'une · .. 122,000 300,702 135,136 106,077 06,860 171,400 162;413 

1uly .. 260,i38 208,026 327,930 206,350 187,884 306,211 t60,675 

Auguat ' .. 866,714 2M,103 408,175 216,545 333,818 347,410 883,393 

September .. 178,511 02,001 147,893 . 102,600 141,315 ~15,027 p4,628 

Oot.bct· .. 68,207 41,851 52,(,&5 44,200 ~5,886 53,672 . 54,142 

:Novembor .. 46,606 31,230 81,84.8 84,806 - 39,783 39,783 39,196 

December · .. 35,587 24,648 31,017 29,472 86,~73 • 83,361 36,654. 

.. 
' I 

.. 
Discharge . required DJBCharge 

lfonlb 1924 1925 1926 1927 1928 according f::r:vtdcd In 
to Ia teat 1919-20 

revi11Jon of project. 
project. . . . 

. 
1 9 10 11 12 13 u 16 

J'AD111l1'1 .. 30,076 4.0,067 31,702 81,982 • 20,613 23,802 22,756 .. .. . 
Fobnw'f .. 20,356 85,595 28,859 27,900 27,859 23,802 22,756• 

l!Dnlll .. 34,209 81,559 24,7:85 25,5:W. 41,264 25,339 23,4.64 

A'P'II .. 65,312 30,330 36,406 30,500 45,614 30,871 29,029 

lliy .. , 88,474 48,887 61,120 47,876 110,962 
40,0<1 I 39,541 

J'une ..1 108,425 106,453 122,193 106,335 2~,468 46,457 45,926 

1uly .. 200,882 348,896 182,~5 142,301 s1A,055 46,457 45,926 

A .... t .. 413,295 .232,838 345,664 822,131 276,920 40,457 ~5,026 

September .. 160,632 108,451 167,009 95,285 • 108,457 40,457 45,926 

October .. '10,757 U,010 60,730 40,7841 49,104 27,121 25,897 

NoTember 

J 
48,0&0 45,536 41,833 35,748 i 40,739 

24,6041 
23,~0 

Dceember 39,187 36,258 37.256 so,m I 40,125 26,n4 25,756 

' NoU 1. The flquresln Ootomn 14 repre~~ent the proposed total wlthdrawalll from the Rtvor Indus at 
the BUTa~te Head Works from month to month. They Include Josseatn tranaltat the rate of 8 ctUieCB 
per million aq, ft. of wet~d perimeter. The tnnaU.loa&ealn the Eaatem Nara are hoWOVeJ' expected to 
bo lo1n1r tb&n thea uaumed. by about 500 cuteaa. 

Notti.-Itwlllbenotlced tbatihedtaeharpe avail&blelntberlvertn some IDODtbiOf tbe )'eat'WUl 
oc.alonallJ fall ~holt of the ,up ply required. · 



I 

2 

3 

4 

6 

6 

·7 

8 
9 

10 

11 
12 

13 

14 

16 

16 

17 

57 

LLOYD BARRAGE AND CANA'-' PROJECT 

APPENDIX ill 

. M azimu~ and minimum rit·eT dilchargu, ~ oflrrigt.alitm, tiD. 

Maximum discharge of the Indus 949,000 OWIOC8 (on !at August 1014). 
recorded a.t Sukkur. 

Maximum discharge for .which the 1,600,000 cuaeca. 
Barrage has been designed. 

Minimum discharge recorded at 17,668 ouseoa (on 4th Aprill917). 
.Suklrur. 
FuiJ aupply discharge of the Barrage 46,467 ouseca. 
Canals at their Head Regulators in 
k.harif season. 

'Minimum d.isoh&rge required in ro.bi 23,802 cusecs. 
season. 

Gross area commanded 

Cultura.ble area. commanded 

' Percentage of oultumble to grosa area 
Anticipated ultimate annual culti-

vation. 
Percentage of qultivation to oulttll'&ble 

area. 
Percentage of cultivation to gross area 
Area at present irrigated in the 

Barrage zone. 
Area expected to be brought under 
irrigation 10· years a~ completion 
of Barrage. fr 

Area expected to be brought under 
irrigation 30 years after completion 
of Barrage. 

Total length of main canals 

Total length of Branches 

7,276,813 aoreo (excluding Khairpur 
State a-). 

6,658,863 aorea (excluding Khnirpur 
State area). 

90·1. 
6·38 million acreo (excluding Khalrpur 
State area). 

82•0 

73·9 
2,036,636 (aocordhig to 1919·20 pro· 
ject), 

3,660,625 acres. 

6·38 million aoreo, (Same aa item 9.) 

679 Conal milea0 ~exoluding Khairpur 
Feeders). 

1,042 Conn! milea (excluding Khalrpur 
Feedera). _ 

Total lOJigth of Distributariea 
Minora.-

and 4.~99 Cannl milea (excluding Khalrpur I Feeden). • 

• A canal mile ia taken aa 6,000 feet. 
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LLOYD BARRAGE AND CAIIAUI CPNSTRUCTIOH 

APPENDIX IV 

Stat.monl •holDing .,i,ling and propcnd irrigtJtion awi cori of irrigati~nal facilities 

DIJchante nt bond E:dstlng lrrl~o.tlon 
of Canal 1919·20 project 

' 
C011t of ' -
CaM! 

I )lo. NIUDO of Cnnal l}'l'ltem wfth Total 
!\hare of 

BaiT'Iljle and Khnrll Rnbl 
ReJZulatora 

I 
KbarU &bl . 

Cuecs Cuaecs 

1 
I 7 8 2 ' s • 5 6 

TAft &oJ: lL!. Laklul Maximum Minimum Aerca Acres Acres 

1 Rohrl Canal ::1 767•29 to,sq7 10,090 537,300 120,000 657,300 
2 Eastern Nun 447'74 13,389 8,164 356,618 128,061 4&&.,679 

Rlg/II&Jn.t . 

1 N. W. P. Canal • 802•14 5,099 3,211 221,642 104,860 326,502 
2 Central Rice .. ' 257'53 10,215 269,476 46,974 816,450 
3 Dadu Co.nal .. 228'82 2,887 2,337 125,296 125,400 250,705 

Total .. 2,003•52 42,427 23,802 1,510,3~2 525,30J 2,035,0.36 

I 

Share ol Khalr·l 25•63 4,030 
' -. I pur State (a). 

Grand Total •• 2,029'16 46,457 

' 
Anticipated irrigation so yeatS AveraRe 

after completion of the .... 
Bnrrngo y,er acre 

~tlon --- Cost per rought 

lOycUR CW!Octof under 
No. Name of Canal after'com· ennnl irrigation 

pletJou of capacity lu the -· in colom.n whole 
Kharlf &bl Total • -· including 

existing 
irrigation 

1 2 9 10 11 12 13 u 
--~- -·-

L</1 Ban.t Acres Acrea Acres Acres lla. lL!. 

1 Rohrl CAnal .. 1,25.';,000 885,165 1,376,778 2,061,943 7,529 37 
2 'KutemNara .. 1,052,350 700,400 044,700 1,645,100 3,344 27 

Riglll BaM 

1 1'1. W. P. Canal • 61.8,758 261,626 516,609 77~.235 5,925 - •• 2 Central Rice .. 407,4,70 407,4,70 407,471) 2,521 . 63 
3 Dado Canal .. 836,1)&7 141,143 ~:574 486,717 8,065 .. 

Total ·- 3,669,825 2,195,8M 3,183,661 5,379,465 f,801 37 

Share ~ ot Khalr I pur State (a'. 
298,000 .. 298,000 

- I Grand Total .. 6,677,465 

(a) Share of Barrage onJy. The coat of the Xhalrpur teed en and their bead regulators Ia included in. 
the .Rohrl Canal. 
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LLOYD BARRAGE AND CANALS PROJECT. 

APPENDIX V 

Anticipated Financial Rt..U. of tho Projt<l. 

. I 
I 

AnUriJlllted I Pfto•u•nt nt't. 
- E.••tfmated c011t ultlrnu.te lleYlllllll! u 

No. 
lncludhur cMt cult.I\'At.Jon 

I 
~ror 1 \ll U-:!0 

Name of Canal of Head ltfl~J:Uift· (30 }'(lllf1l rojnd from 
tol"!! and S!Ulre alt.('r lrrhtatlon 

ol Barrage completion or 

I 
In tho lln.r• 

l'rojact lA.6CCIIObll 

--
&. Lakba. A or .. :n.. Lakha. 

' 1 Robrl Caoat .. .. .. 767'29 2,06l,w:J 10'76 

• EaatemNara • .. . . "7'7.& 1,6-&5,100 8•88 

' 3 N. W. P. Canal ~ .. - .. aoz·u 778,235 •·et 
4 Centn.:i Rice eannl .. .. 257•53 407,fo70 7"88 

5 Dadu Cat1Al .. .. .. 228'82 
I 

f86,717 •·eo 

Total .. 2,003'62 6,379,fo05 35'75 

6 Share of Barrage recoverable from .. 
.K..balrpurState .. . . . 26'63 

I ; 
2,020'15 ! 

. 

I 
Net Revenue 

' 10 yean alter Net. ReventUI 30 yean altor 
compleUon of completion ot I'!oJect . the Project 

No, Name of C4nal. 
Pert"entaRe 'a!:rtent- Not 

oretum revenue 
' jAmouot return on Amount on per a.cro Capital 

(o) Capital ot 
(a) I cultivation 

-- ----
n.. &.. 

Lakho Lakho 

1 Rohrl Canal .. .. .... •·so 06•8 8•61 3•17 
' • Baatem Nara .. .. 35'2 7•90 00•1 14•70 

I 
.. ., 

8 N. W. P. Canal .. .. 17'8 6•110 25'8 8'53 .... 
• ceDtrallUce Canal .. .. 17'7 ' .... 21'7 8'40 I •·n 
5 Dadn Canal - .. .. 8•7 "'25 17'0 7• .. I •••• -

I Total tu.·e 5•83 ' 8•78 .. 'IDG·ue 8•64 

• Share ot llamlgo recoverable from I .Kbalrpur State. .. I 

' I I I I 
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.LLOYD BARRAGE AND CANALS PROJECT. 

APPENDIX VI. 

Pru.m o.<limaled co•l and rolue of tDOrk tz«VVed. 

Provision • Value 
in the 2nd of work 

Item Name of Canal Revised executed Remarks 
No. Reca pituln- ·up to 3Jot 

tion ?!lay 1929 

i 2 j 3 4 5 

1 
2 
3 
4 
6 
6 
7 

Barr•!"' and Head Regulators • J Re. ~~ 
Rohri Canal . . . ·1 476 
Eastem Nnra .. · , : 217 
N. W. P. Canal .. .. 181 
Central Rice Canal . . 148 
Dadu Canal . . . . 120 

Re. Lakhs 

320 
174 

- 86 
81 
65 
44 

""' Mane bar DrainAge • . 26 
1----1---1 

Gross Total works 
/&J$ salv!'ge value 

I, 7tl1 
-105 

774 

1lhe latest fore· 
cBBt shows that 
there will be a 
saving of Rs. 23 
lakhs in the 
provision under 
the 2nd Revised 
Reca~ituia.tion. 

Total works •. 
Establiahment 
1'ools e.nd Plant 
St1Bponse 

Total. Direct charges 
Indirect charges ::I . 

· Grand Total • ·1 
Share of Barra,:,.-e recovers ble 

1,656 
288 
32 . 

1,976 
54 

2,030 

-26 f.rom Khairpur State -,. 

Net Total .. f.-~-2-,0-0_4_.:_1 

774 
153 

19 
30 

976 

Cost of project as sanctioned by _the Secretary of Rs. 18· 35 crores. 
State in 1923. 

Coat of Project according t-o the 2nd Revised Recapi- Rs. 20·04 crores. 
tulation submitted to Government by the C. E., L. B. 
& C. C. on 3rd February 1928. 

Erpen<iiturc incurred up to 31st May 1929 Re. 9· 76 crores. 
Dft.te of comm-encement of works . . July 1923. 
Date by which works. are expected to be ready for March 1932. 

opening. · 
Yotallength of canals of all sizes to be excavated • . 6,220 canal miles. 
Total quantity of earthwork to be excavated in the 5,550 million cubic feet. 

whole length. 
'Total quantity of earthwork completed np to 3lat 2,466 million cubic feet. 

March 1929. 
Average quantity of earthwork done per month by 

machines and by hand labour. 
:Maximum quantity of earthwork execnted in any one 

month by machines and hand labour. 

60 and 30 million rubio feet 
respectively. -

166 million cubic feet. 

Total length of canals excavated up to 31st March 1,100 miles. _- • 
1929 coJ!lprising chiefly the largest aections. · 

Coat of Dragline Machines employed in excavation Rs. 1·06 crorea. 
work. 

Cost of machinery and plant including steel galea at Ra. 2 • 60 crores. 
the Barrage. 

--------------------------BOMBA~ : l'BI!ITBD AT 'l'BB OOVEBlOUDiT ODTBA.L PRES!. 


