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No. Rev.-1873 of 1920. 

REVENUE DEPARTMENT. 

•. Office of the Commissioner in Sind, 
· Government House, Karachi, dated 14th J�y 1920-

MEMORANDUM. 
The Commissioner in. Sind has the- honour to submit for the consideration of 

Government the report o'f Mr. A. A, Musto, Executive Engineer, Sukkur Barrage· 
Project District, on the systems of canals to be supplied by the Sukkur Barrage. 
The technical points involved have received the _consideration of a number of 
expert authorities, and will doubtless be further considered by Government. The 
Commissioner need only say that he considers that there is no reason to believe 
that the estimates from the Revenue point of view are otherwise than correct.

2. There is a small misapprehension · in paragraph 238 of the report.
Mr. Musto says that when Government waste land is given out on cultivation, it is 
granted either fo'r 5 years on payment of malkano or for 10 years on similar pay-
ment or in perpetuity also on ·payment •. Land in Sind, however, is ordinarily 
given out in perpetuity on the payment of occupancy fee, subject to the payment 
of the annual land r�venue. Where, for any reason, it is not desirable to give it 
out permanently, it is allowed to be cultivated on one-yearly or· eksali leases oa 
payment of the assessment only, without any payment of malkano. The leases 
for 5 or 10 years refer.red to by Mr. Muato have only been given as a temporary 
measure in the area to be commanded by the proposed canals in view of the un
desirability of giving them out permanently ; but no malkano or occupancy fee has 
been taken in the case of such 5 or 10 yearly leases. The point, however, is not 
of importance, as it does not affect the distribution of land when the canals are made. 
Such distribution will be ordinarily made on permanent tenure ; though it ma.y be• 
necessary, in special cases, to give land out on lease only. 

3. .A reason previously advanced against the urgency of carrying out the
works proposed in the scheme was that the present system of inundation canals 
was good enough for the circumstances of the country. Even if this had been true, 
the uncertainty of water-supply undoubtedly led to bad cultivation, and this fact 
increased the naj;ural tendency of the Sindhi. cultivator towards carelessness and 
lack of foresight. But the argument that the present system is good enough can 
no longer be seriously advanced. The disastrously bad inundation of 1918 led to 
Sind being for the first tµne a deficit instead of a surplus Province as regards the 
production of grain. It had to be supplied from other provinces at a time of general 
deficiency and general difficulty of transport. 

4. There can be no doubt that improved and certain water-supply will lead
to improved cultivation. Great, efforts will have to be made to stimulate that 
improvement by teaching and example, and possibly by the introduction, largely 
for instructional purposes, of colonists from elsewhere. The figures given in the 
report, however, prove that the scheme will on safe estimates be financially produc
tive. The other arguments in its favour are so strong that the Commissioner 
hopes that there will be no difficulty in the acceptance of the project. 

5. Apart from the �ateri�l ·benefit to Go�ernment, and still more to the
people of the Province, there can ire no doubt that the project will have a beneficial 
and steadying political effect. · The agricultural classes of Sind, however, easy
going and careless, were always loyal and w111l-a:ffected ... The great mass of them 
still remain so, but the \eaven of agitation has been introduced among them, and 
no efforts are being sp11,red to make them discontented with the measures of Govern
ment. It is open for agitators at present to point out that comparatively little has 
been done in Sind of recent years in the way of great works by Government. The 
engineering projects carried to completion and success in the neighbouring provin
ces of the Punjab and North-West Frontier are well known to many Sindhis. 
The more educated have heard of: ilhe canal works that, have been or are about to be 
executed in the United Provinces arid in Madra&; They can read of the scliemes 
sanctioned for the wawr-'ways: df Bengal!'· The. great! protective irrigation works 
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in the process of execution in the Deccan are well known. The undertaking of a 
_great scheme such. as that now l'roposed in Sind would undoubtedly have an excel-
lent effect. . 

6. The province of Sind will also benefit by the great accession of trade
which will accrue to the port of Karachi from the execution of these works. 'l'he 
port,, of Karachi is capable of almost indefinite expansion ; but it is seriously crippled 
at present by the restriction on the export of grain. · Even when these restrictions 
are removed, it is believed by some that the internal consumption of ·wheat in 
India will be so much greater than it was previously that the export trade will not 
reach its former dimensiohs. The figures given in Mr .. Miµito's report show clearly 
the additional amount of wheat and other products which will be available for 
export if the combined scheme is carried out, The benefit to Karachi will undoubt-

•eqly re-act upon the whole province.
'l. The political effect in Baluchistan will also doubtless be of importance ; 

.since. it will be possible to irrigate a large area of land within that province; and. 
thus further to attach the Baluch Sardars to the Government of India. 

' 
. 

8, The Commissioner would,venture to draw attention to the striking unani
mity in favour of the project to be found among all the Engineering arid Revenue 

· officers who have been associated with, or have had the opportunity of examining
the project. Formerly, there were many differences of opi,nion as to the degree

•Of urgency of the work and the manner in ·which it should be carried out. Such
-differences of opinion are no longer found, at least among officers serving in Sind.
The authorities of-the Khairpur State are most .ap.xious. for. the project, ,and are
willing to co-operate in it so far as they may be called upon to do so.

9. For these reasons, the Commissioner would venture strongly to recommend
the early, decision . of Government upon the report now submitted. 

10. Mr. Musto has brought to the notice of Government the excellent work
-done by his Assistants and his staff. The Commissioner would desire to emphasize
the excellence of Mr. Musto's own work. He has displayed the most untiring
industry ; and in spite of severe and repeated atta<;ks . of. fever, due d,oubtless to 
his long period.of service without leave, has brought to ,a conclusion, in a remark7 
.ably short space of time, a report involving very great. labour and an enormous
amount of elaborate calculation.

'To 

From. 

·sm

The Secretary to Government, 

(Signed) P.R. CADELL, 
Commissjoner in Sind. 

Public Works Department, Bombay. 

No. 

.4, A. :MUSTO, EsQ., 
EXECUTIVE ENGINEER, 

of 1920. 

SUKKUR BARRAGE PROJECT DISTRICT ; 
. . ' 

THE SECRETARY TO GOVERNMENT, 
PUBLIC WORKS. DEPARTMENT, BOMBAY. 

Sukkur• Barrage l'roject Office, 
Karachi, d.ated July 1920 .. 

· Lhave the honour to. forward herewith my :rians, estimates and reporlis on
the proposed great systems of canals to be supplied. b:r the Sukkur Barrage, for 
which latter work I submitted plans, estimates and reports under my forwarding, 
Jette\' No;· 1430.dated 18th October 191Q to the Chiei Engineer .in Sind. 



2, Attached to this lett.er is a Summary StatementNo. l showing at a glanea
the general po.'lition of the Combined Project, for, Barrage and all canals, and ej 
each Canal Project separately. 

3. It will be seen that the total combined cost of all works, including direct:
and indirect charges, and accumulated arrears of interest up to the: 14th year from
commencement, or, three years after completion of all works; iii Rs. 18,35,!H,537;
Yet in this year, the anticipated nett receipts will pay 5 · I per cent. on this huge
B!llll, thus making the works "Productive,. (as defined in paragraph 393 of the
Public \Vorks Department Code) in the third year after completion of works. 

4. Ten years after completion of all works the Combined Projects will give a
return of 8 · 2 per cent. on Capital invested (including all accumulated arrears
of interest up to that, year). 

Twenty years after completion the return. will. be 11 · 8 per cent. on Capital
invested (all arrears of ac,eumulated interest wiped out before this year) and thirty
.years after completion and thereafter th� return will be 13 · 8 per cent. on Capital
mvested. · · 

5. All acc1l.Dlulated arrears of interest on Capital will b_e wiped out by the 2lsi;
:year afte:r commencement of works and if net revenue (after paying 5 per cent.
interest on Capital at date) is applied to reduction of Capital, all Capital and arrear$
of interest can .be wiped off bY, the 34th year from commencement of works, after
which all net revenue will be pure gain to.· Government, and increases from
lts. 2,03,16,104 in the 35th year from commencement to the final anticipated
maximum of Rs. 2,21,46,430 in the 41st year after commencement. 

. 6, I have endeavoured to design all works on the most scientific and up-to
.date principles and practice, and have nowhere attempted to obtain economy,
at the

�
expense of efficiency and good desig

. 
n. At the same time great detail and

-0are ha been used to obtain the most economical designs consiiiteat with such
principles, d it is hoped the results will be found by Goverflment to be sati.s-<
factory. 

7. The rates at which I have estimated all classes of work are believed to
be liberal ones, though wi.th the material and labour market in a state of flux, �
•is necessarily a somewhat indeterminate question. Generally speaking, the rates
allowed are considerably higher than those at present ruling in Sind, where con•
.aitions just now are very abnormal due to past famine and pestilence and to tlie
inflation of rates for imported articles. 

Whether or not these conditions will improve, is beyond my province or ability;
to for�ee .. 

· 8. A very important point to notice about the Financial .Fprecast however ill
that at the time the works become productive, i.e., in the 14th·year, the cultivation
has only increased to 50 per cent. of the culturable area, as against the estimated
final cultivation of 81 per cent: of cultu:rable, so that a very large margin is left
in case the cost of works should be greater than estimated. These figures are for
mixed Rice and othet crops. On the Ghar. Canal, with a fair inmidation, suppl�
the present cultivation already exceeds 75 per. cent. of the. culturable area com�
manded, while on many of the other inundation canals supplying mixed cultivation,
but mostly other kharif and rabi, the present cultivation varies between 30 per
eent. and 40 per cent. of the culturable area. 

9. As stated in paragraphs 6 and 7 above, it is believed that the estimates
make a very liberal provision for the cost of all works, and if this iii granted then the
final returns on the Combined Project must be considered most favourable. 

10. They show that these great works, which will bring incalculable benefits
to the cultivators, and great indirect benefits to the State through Railways and
Ports, and to importing and exporting businesses,· finally will give Government
a direct return of 13·7 per cent. on an outlay of nearly ·£.lG,000,000-(Capital
exclusive of interest charges paid off)-a proposition which. woulq be considered
most handsome by any commercial, enterprise. 

11. Statement No. 2 attached shows an estimate of the final effect of. the
anticipated cultivation, as affecting exports, etc.. These caI�ulatioM are only
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approximate but give an indication of the enormous increase which may be expected 
in export of commodities, such as cotton and wheat, which are in world-wide 
demand. It is believed that the figures shown for exports would necessitate 
doub~ the present capacity of the .port of ~o.rachi and possibly ~creasing the 
capacIty of the North-Western Railway, while numerous feeder railways 'would 

. find a lucrative field of ~nterprise in carrying the produce to the main railway. 
These figures give some. idea of the great indirect benefi~ which would result from 
the construction of the Barrage and Canals, and for which no credit is taken in 
the proj ect; • 

12. The gain to the c.ultivators, both in extension of crops, even now highly 
profitable, and an insurance against losses due to low river seasons, Hoods, etc., 
is almost incalculable. . 

13. The preparation of these great canal projects was entrusted to me in 
January 1919, but the greater part of my time and that of my then very small 
staff was employed until October 1919 in completing the project for the Barrage 
itself. Since that date all energies have been devoted to the canal projects, which 
have thus occupied my and my staff's exclusive time for about 8 months only, 
as compo.redwith 3 years taken for the preparation of the original projects. 

14. The total cost of this District for preparing these fresh canal proj ects, 
including all staff and works, has been only Rs. 75,000 or 0·005 per cent. of the 
estimated cost of the works, which I trust will be considered satisfactorily low. 
The estimated cost of printing all reports, estimates and plans (including B~age) 
is about Rs. 20,000. . 

15. Messrs. Baker and Lane's Soil Survey cost Rs. 1,37,400 and took about 
two years. 

16. The whole work has been carried out as a rush job, and while every effort 
has been made to avoid mistakes and check all results and calculationS, I must 
ask for lenient consideration for myself and staff, should mistakes be found. 

17. The completion of the work, in the time desired by Government, has 
necessitated the most careful and thorough organization of the energies of all 
staff, the working of very long hours at high pressure, and last but not least, the 
loyal and enthusiastic co-operation of all officers, subordinates and staff employed. 
I am happy to say that I have been able to thoroughly depend on all my staff to 
support me in all these respects, and I trust the results show that general organi
zation was satisfactory. 

18. For many months my appeals for a reasonable amount of staff met with 
little or no response, and it was not until the past .few months that Government 
gave me establishment really at all comme~urate WIth t~e work to be done. But 
during the last few months every help pOSSIble has been gIven me, both by Govern
ment and by the Chief Engineer in Sind. 

APl"eciaJ/um of services of staff. 

19. In the preparation of these projects, during this time, I have been fortu
nate in having the assistance of a very capable, energetic and loyal staff of officers 
and subordinates. Where all have done such excellent work it would be invidious 
to draw distinctions, but I must place on record a brief appreciatioh of the work 
of each, and my' gratitude for their loyal co-operation without which I could not 
have completed the projects in this short time. 

20. The first officer to be attached to my district was Mr. T. S. Mirchandani, 
who, as Assistant Engineer, came to me in January 1918 and remained in the dis
trict for 3 months, when he was transferred as acting Executive Engineer, Nasrat 
Canals District. During this period he gave me much useful assistance in my 
preliminary investigations for the general lay-out of the Right Bank Canal System, 
and also prepared discharge curves for desigIIing the canals, as Kennedy's and 
Garrett's printed curves do not deal with suc.h Hat slopes and large discharges 
as we required. 

Later in February 1920 Mr .. ~chandani, then a p~manent Executive Engi
neer, was retransferred to my PlBtrict,. and has been WIth me continuously since. 
During this period, under my lDStructlOns, he has prepared the detailed projects 
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for all the Right Bank Canals. His keenness and energy has been unremitting, 
while his skill as an engineer has enabled him to m~e many useful suggestions, 
and to design the canals in accordance with my rules, in a most scientific and tho
rough manner. He has also elaborated in the rough the proposals for the Nasir
abad Inundation Canal, and for the utilization of surplus Begari inundation water, 
if the suggested Begari Branch from the Barrage is made. 

He. also prepared all the various financial forecasts for the several alternative 
combinations of canals which are submitted herewith. 

I have always found him keen to undertake most loyally the vcry heavy work 
I have placed in his charge, and his assistance has been invaluable to me. . 

21. The next officer to be transferred to me, was Mr. G. "N. Gokhale; Execu
tive Engineer, who joined the District in July 1919. Until October 1919 he was 
engaged in assisting me with the Barrage Project and I have already acknowledged 
his valuable services on that work. 

Since October 1919 he has been in charge of the preparation of the detailed 
project for the Rohri Canal, which he has carried out to my instructions in the most 
thorough manner. His mathematical and analytical investigations of type sec
tions for banks and canll-ls, of the effect of groynes in canals and of. the cost curves 
of branches, etc., and of many other matters, as well as his many suggestions for 
minor arrangements of plaBS and estimates has been of very great . value and 
assistance. The thorough manner in which he has made himself acquainted with 
all' the previous canal proj ects, and with all the details of the present proj ects, 
during this continuous period of service in the District, has made his assistance 
almost indispensable, and has saved me much time in looking up references. His 
invariably cheerful and loyal co-operation, in whatever work I have had occasion to 
give him, has been a source of constant pleasure and encouragement to me, and the 
projects now submitted owe much to his ability and energy. Besides the detailed 
project of the Rohri Canal, he haS worked out, with me, the outline proposals for 
the Eastern Nara Canals Project. 

22. Mr. F. L. Gordon, Executive Engineer, joined my District on his return 
from leave, in March 1920. Considering the fact that he came on the projects at 
a time when many of the more interesting parts were settled, and ~liat he is only 
one year junior to· me and of the same rank, I cannot too warmly express my appre
ciation of the loyalty and keenness with which he has co-operated with me on this 
work. I placed Mr. Gordon, from the first, in charge of the preparation of all type 
and special designs for the masonry works of all canal systems. He has applied 
his full energy, for long working hours every day, to preparing these designs and 
estimates. In the few cases where we have not seen eye to eye, he has loyally 

. accepted and developed my decisions, and our work together haS been carried. 
out in the pleasantest spirit, and I think that each of us and the project has bene-· 
fited greatly by our mutual criticisms and discussions. I am under deep obliga
tion to him for his thorough and capable work . 

. 23. Mr. W. E. Bushby, Assistant Engineer, joined the District in February 
1920, on his return from Military Duty, in Mesopotamia. His steady and con
scientious wQrk has been of much assistance. He has worked out the details for 
both the Khairpur State Feeders under my instructions, and has also assisted 
Mr. Gordon with the designs of masonry works, Mr. Gokhale with the Rohri Canal 
branches, and Mr. Mirchandani with the Nasirabad and Begari schemes. His 
pleasant cheerful manner has lightened the burden of work for all of us. 

24. Mr. J. L. Grant, Assistant Ensineer, joined the District on 22nd March 
1920 on his return from Military Duty ill Mesopotamia. He came very late on 
the work, but took considerable interest in it, and assisted Mr. Mirchandani in 
the preparation of the Right Bank Canal Projects, until relieved on the 29th May 
1920, to proceed as acting Executive Engineer, Begari Canals. 

25. Mr. N. M. Mirchandani, Temporary Assistant Engineer, has been attached 
to the District since Julr 1919. Besides his work on the Barrage Project, already 
acknowledged, he has smce October 1919 given very able and useful assistance to 
Mr. Gokhale on the various works in the latter's charge. I rcgret that Government 
has not been able to offer him a continuance of his appointment on terms which 
he could accept, as I feel that Government is losing a very capable and keen young 
officer. . 
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. . '26. Among the subordinat~ attached to the District, I would specially com
mend to the notice of Government the excellent work done by Mr. Khushaldas 
Samtani, Supervisor, who carried out in the most thorough and accurate manner 
very arduous survey and levelling operations for the new heads of the canals, and 
for the investigations in connection with the Munchar Drainage Project. The 
latter work was particularly severe, being carried out in hot weather in a most 
unhealthy and trying climate. He completed this important work in a most 
excellent manner, but at the expense of. his health, which broke down after 
completion through over-strain, and the Civil Surgeon, Karachi, certified that 
at least three months' sick leave was necessary for ~ lCecovery. He is according-
ly now on leave. • . 

27. He was aBBisted in this work by Messrs. Rochiram, Supervisor, and 
Atmaram, temporary Overseer, both of whom did very good work under these 
trying conditions. 

28. Rao Sahib Murijmal Malkani, Supervisor, joined the District in February 
1920 and has done most excellent work on the preparation' of detailed projects. 
His knowledge of the Canal Districts, long experience, sound judgment, engineer
ing ability and attention to duty are far above the average, and have made his 
:services invaluable. 

29. Rao Sahib K. C. Advani, Supervisor, joined.in FebrUary 1920, and has 
.(lone very good work. He is.steady, reliable and capable. 

30. Mr. Tekchand, Supervisor, who joined in March 1920; has also done gobd 
work and is a capable hard working engineer. He assisted Mr. Mirchandani in 
preparing the Right Bank Canal Projects. 

31. Rao Sahib Mujumdar, Supervisor, joined in April 1920 and is capable 
.and very hard working. He aBBisted Mr. Gordon on the design of masonry works. 

32. Mr. Moujiram Sharma, temporary Sub-Engineer, joined in November 1919 
'1\Ild has done very good work. He is extremely hard working and painstaking. 
He aBBisted Mr. Gokhale on the Rohri Canal Project. 
. 33. Mr. K. T. Hirani, Overseer, joined in March· 1920. He is hard working, 
painstaking and capable, and did very good work under Mr. Gordon on the designs 

,of masonry works. 
34. Mr. Kambarali, Supervisor, joined in February 1920, and ~1r. Utamchand 

Overseer, in November 1919. Neither is particularly hard working, and their work 
.can only be claBBified as fair. . 

35. MeBBrB. V. A. Joglekar and G. K. Joshi, Sub-overseers, joined in March 
-1920. Both are capable hard working subordinates and have done good work. 

36. Mr. Hemandas K. Kewalramani, Overseer, joined in April 1920 and has 
done good work. 

37. Mr. D. B. Prabhu, temporary Overseer, joined in May 1920. He is 
fairly capable and is hard working. 

38. The following Surveyors from the Indus River Commission were kindly 
lent by the Chief Engineer in Sind for about two months, and have been employed 
()n tracings, and checking estimates, etc. - They have done useful work and are 
placed in order of merit. 

Mr. B. Solomon . . Surveyor. 
" N araindas B. " 
'J J. D. Hacem n 

" Vassumal A. " 
" Dayalji " 
" Mahomed Sharif " 
" Utamchand " 
" Qnrbanali S. " (Overseer). 

, ~9. The following temporary drawing office establishment, belonging to this 
DlStnct, have all done good work from the date of engagement shown against each. 
'They are placed in order of merit :-

1. Mr. Motilal 
2. "Tarachand 
3. ,. Bankal 
4. ,. Bhagwan Parsad .. 
o. "Chiman Phooke 

" Assistant Draftsman 
.. Tracer 

" 
" 
" 

.. June 1919. 

.. January 1919. 

.. February 1920. 

.. May 1920. 
" April1920. 
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Nos. 1 and 3 have already obtained other appointmentl;l, ~nd ~ leave If:B soon as. 
they can be spared. Nos. 2 and 4 are well wortl;t re~mmg In a 'Public Works 
Department office. No. I) is a fair tracer and neat prInter. . 

40. The following 19 Draftsmen . and Tracers were transferred tempor~y 
to this District to assist in completing the plans and were here for an average penod 
of. six weeks. Most of them worked very satisfactorily and are placed in order of 
merit. 

(Mr. Mahomed Hussain '.. Head Draftsman. Indus Left; Bank Division·. 
Specially t" Mangatram •. Asstt. Draftsman. Northern JamraoCainaI. 
oommended. Gulam Hyder .• Tracer .. Began Canal District. 

" Hemandaa ,," Eastern N ara District. . " 

" 
.. Western Nara Canal 

District. 
" .. Fuleli Canals District. 

" Chandiram 

"Hoknma~ 
Commended. "Udharam Asstt. Draftsman. N a.srat Canals District. 

n Deon .. Tracer .. Pravara Canals District. 

" Joahi 
.. Sarolkar 

{ 

KarimBux 
Work :: Gobindram 

satisfactory. :: ~~araad 

" 
" 

" 
" 
" 
" 

.. Lonand District. 

.. Sholapur District • 

.• Karachi Canals District. 
.. Ghar Canals District. 
.. Ahmedabad District. 
.. N asik Irrigation District. 

Work 00. {

" Kale "." Poona Buildings District. 
" Doctor .... Do. do. 
" Kewalram ,," Shikarpur Canals District. 

{ 

Pandit ".. Dharwar Buildings 
Work " District. 

very poor. .., Partab Singh " .. Southern Jamrac Canal 

41. The estimates, statements, financial forecasts and reports have been 
typed partly by the typist of this District, and partly by typists lent by other offices 
for short periods. 

Among these I would specially commend the following who have worked very 
hard, fast and accurately:-

Mr. Lekhraj Mulchand Typist of 

" Gurmokhdaa " 

" Denmal " 

J, Parsram " 

•. Chief Engineer in Sind. 
.. Executive Engineer, N",!rat 

District. 
Canala 

Executive Engineer, Ghar Canala 
District. 

Executive Engineer, Sukkur Barrage 
District. 

42. The following also did good work:- • 

Mr. J ethmal B. Typist of 

" Lekhraj Chotanram " 

Executive Engineer, Karachi Build
ings District. 

Executive Engineer, Karachi Ca.nala 
District. 

43. The whole staff of the District has worked together without friction and 
with real keenness and only thus has it been possible to complete these great projects 
in such a short space of time. 

44. This list of staff looks formidable, but most of them were attached for 
short periods only, and I consider their work has been most efficient. Not a man 
has been idle for an hour, during the period the projects have been in hand. 
The plans and estimates for an £18,000,000 project cannot be prepared without 
a large staff. 

45. I might mention that the 1909 projects, which were smaller and less 
comprehensive employed a Superintending Engineer, two Executive Engineers, 
four Assistant Engineers and twenty-two Upper Subordinates, all on special duty, 
besides a very large staff of Draftsmen and Tracers for about two and a half years, 
of which about one and a half years were spent by all staff on office work, designing 
and estimating. The 1910 Barrage Project also was prepared by a Superintending 
Engineer, with two Assistant Engineers and two Upper Subordinates, besides 
Draftsml'n and Tracers and was over two years in preparation. 
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46. I may also be allowed to mention that during the past two and a haH 
years during which I have held charge of this District, I have worked longer hours 
than any other member of my staff or establishment, and this at the end of nine 
years continuous service without leave, including one and a haH years on Military 
Duty in Mesopotamia, which ended with a big attack of enteric fever, after which 
I was recalled from Military Duty to work out these projects. 

I have not drawn an anna of extra pay for this work, although I have held a 
much bigger charge than was previously held by the most senior Superintending 
Engineer in the Presidency, and have had three Executive Engineers and three 
Assistant Engineers under my orders for the latter part of the time. 

I trust, however, that the result of my services will be of more value than 
my salary would appear to indicate, and that Government will find the projects 
now submitted to be thorough and satisfactory. so that progress can at last be 
made with these great and necessary works. . 

I have the honour to be, 

Sir, 

Your most obedient servant, 

.i. A. MUSTO, 

Executive Engineer, 

Sukkur Barrage Project District. 
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ST4'llUIElft' I. 

8_ o!."";"1l Nd FiMlICiaIlIuuIta. 

Combined Project 
viz •• Barrage, and 

Right and Loft 
BSoBk Canal 

Syatoma. 

Ra. 

(a) Total COlit of works-Direct .. 16,46,25,352 

(6l Total cost of works-Indirect .. 53,38,825 

(c) Total, Direct and Indirect .. 16,99,64:,177 

(el) All works completed in year from 
commencement .. .. Eleventh. 

(e) Work become. productive in years 
from commencement of work .. Fourteenth • 

(j) Accumu!ated arrears of interest up to 
2.36.27,160 year (e) .. .. .. 

(g) Total capital invested io year (I!) .. 18,35,91,337 

(A) liet revenue due to improvements in 
94,02,085 year (,) .. . . . . 

(.) Intoreot paid in year (.) .. 5'1 par cent. 

Third year &iter 
oompletion. 

lOlA Y"" aj/6 comp/dion of ..... k. 

(j) TotaJ capital invested .. .. 16,99,64,377 

(~LNfOt rev~nue ~ue to improvementll •• 1,39,67 ,~2. . 

(I) Into",.t paid .. .. 8' 2 per cent. 

20th Y"" aj/6 COIIIfIlelion o/llIOI'i. 

lm) Total capital invested •• .. 16,99,64,377 

(ft.) Net revenue due to improvements •• 1.88.51,844 

CQl Intorest paid .. .. 11' 8 per cent. 

30th 'IItJJr ajtn compUlirm 0/ tDm'l-, 

(p) Total capital invested .. .. l.5,99,64,377 

(go) Net ntvenue due to improvementa •• 2.21,46,430 

(r) In ..... t paid .. .. 13'8 per cent. 

( .. ) All accumulated a.rreara of interest 
will be wiped out in year from com· 

Rohri Canal 
and Khairpur 

S .... Feeders 
with ah&r8 of 
~. 

R •. 

5,18,48,797 

17,56,450 

5.36.04,262 

" 

Eleventh. 

Twentieth. 

1,19.77,486 

6,55.81,738 

34.14.823 

5'2 per cent. 

Ninth year after 
(lompletion. 

6,42 .. 54.041 

...... ,. .. 39,20,393 

6'1 per cent. 

5.36,04,252 

67,41,258 

10' 7 per cent. 

5.36,04,252 

73,37,563 

13'6 per cent. 

Combined Right 
Bank Can ... SY" 

Eastem Nara. tems with Man-
with aba.re of cha.r Drain and 

Barrnge. Re~a.tor and 
with share of 

Barrage. 
, 

R •. Ra. 

3.23,42.373 7,04.31,282 

10,46,587 24,91,262 

3,33.38,960 7,29,22,644 

Eleventh. Tenth.. 

Eleventh. Twelftb. 

15,99,962, 1,22,37,226 ' 

3,49.88,922 8.51,59,770 

22,19,003 42,76.554" 

6'3 per cent. 5-02 per cent. 

On completion 
of work. 

2nd year after 
completion. 

3,33.88,960 7 ~42, 74,453 

42,91,983 57.5?:.~6 

12'85 per cent. 7' 85 per cent • 

3,33,88,960 7.29,22,554 

60,54,048 70,56,538 

18'15 per cent. 9' 7 pel' C'ent. 

3,33.88,960 7,29,22,554 

70,14,488 77,87,648 

21' 0 per cent. 10'7 pt'r cent • , 
I 

mencement of work . . • . End of 21st year. End of 27th year. End of 14th year. End of 2lBt year. 

(t) All capital wiped out in year from 
End of 34th year.j En!l of 39th year, commencement of work End of 26th year. 

CuUiwioJl. Percent. I Percent. Percent- Percent-..,.. age • age. age. 
(~) P ..... nt cultivation in acres .. 2.03.5.636 31 6,57,300 26 484,579 26 893,657 42 

(11) Cultivation in yea.r (e) when work 
beoomea productive .. 3,288,929 5G 12,32.500 48'5 783,75G 42 

I 
1,272,679 6J 

(to) mtimate anticipated cultivation 
30 1eare &iter completion 5,3G8.408 81 20,63,300 81 1,529,950 81 ! 1,725.168 81 

Cz) Total oulturable area 6,529,795 100 25,35,020 100 1,873.000 100 2,131,685 100 

(JI) Total Grou commanded 7,494.077 29,66,518 2,176,464 2,361.066 

B 11M-c 



1. 
2. 
3. 

4. 
O. 

x 

STATEMENT II. 

Statement alwwitIfJ the cmticip<Ued i1lC1'ea:Je Of 'cullivation in Sind dll£ to the 
Suklcur BO/Trage. 

In tract affected by the Sukkur Barrage. In whole of Sind. 

Present culti· Anticipated Future anti· 
Crop. vation aver· cultivation 30 Anticipated Present cipation after 

age of 10 years years after 
increase. cultivation. construction 

1908·09 to completion 0 of Sukkur 
1917·18. all Canals. Barrage. 

I 
1 I 

2 3 4 I) 6 

I 
Acres. Acres. Acres. Acres. Acres. 

Rice · . 507,381 762,567 255,186 1,101,128 1,356,314 
Cotton · . 236,~28 759,876 523,548 263,275 786,823 
Other Kharif 
(Jowari, Baj· 
ri, etc.) · . 908,676 783,700 -124,976 1,126,404 1,001,428 
Rabi (wheat). 186,825 2,540,840 2,354,015 382,686 2,736,701 
Other and 

Leguminous 
Rabi · . 338,479 

I 
622,123 283,644 604,321 887,965 

Total · . 2,177,689 5,469,106 I 3,291,417 3,477,814 6,769,231 

Hemllrks 

7 

I 
I , , 
i 
I 

I 
I 

I 
I 



· STATEMENT IIA. 

ApprozitMle E<wecalll of Orop Produce and Export. 

Tracts affected by Barrage. 

· -
I 

. 
After construction of Barrage (30 years). Population increased Exports. 

. Present. . 75 per cent . 
Crop. 

i - I --. 
I Maunds lOut-turn in Local con- o Local Con" Probable 

, . 

Exported Maunds Out-turn in I 
Acreage. I per I ds. sumption 

maunds. 
Acreage. 

per acre. maunds. 
sumption exports Maund.. Tons .. 

acre. I ~~ . maunds. . maunds. maunds • 
.1 

: :1 

· 

5,145,660 15,251,340 
.. 

Rice · . 507,381 15 7,610,715 2,465,055 782,567 20 9,064,000: 6,187,340 3,722,285 137,000· 
Cotton · . 236,328 6 1 _ 1,417,968 1,417,968 759,876 7 5,319,132 ..... 5,319,132 _ 3,901,164 143,200 
Other Kharif (Jowari -

Bajri, Sugarcane, frui I .-
and vegetables) 908,676 9 : 8,178,084 8,178,084 .. 783,700 12 9,404,400 9,404,400 o "t . . ... . .... . ... . . . . . 

"' heat and Barley .. 186,825 10 1,868,250 - 1,300,000 568,250 2,010,840 13 26,140,920 2,600,000 23,540,920 22,972,670 BM,<XJOt 
Pulses · . . . 201,500 8 1,612,000 . 1,292,000 320,000 230,000 12 2,760,000 2,760,000 .. -... -320,000 .: .. ~ . 
Oil-seeds · . .. 137,000 6 822,000 . 596,000 226,000 500,000 8 4,000,000 1,500,000 2,500.000 2,274,000 83,300 
leguminous Fodder Crops. 

. 
422,123 

I I 
... . . . . ... . ... . . . . . . . . . . . ... . . . . . ... '.10-' • 

. I . . 

. ·12,177,710 
I ". . 

1 16,lill,744 14,997,27316.489,106 
- . 

Total . . I 21,509,017 .. 62,875,792 25,328,400 37,547,392 32,550,139 1,195,000 
I 

• Increased population will require 80me of the hitherto exported rice. 

t Tbe increase of local ccnsumption is not in proportion to increase of population because there is uSllaUy a surplus at present fed to cattle. This will in future go to 
population while cattle will get a large amount of lucerne, berseeD, etc., vide last item above. 

l Wheat will be grown for export in preference to pulses; when assured water supply is available, only local requirements will be grown and wheat will replace some pulses as food. 
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Aooompaniment to Executive Engineer, S. B. P. D.'s No. 1390, dated 13th July 1920. 
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CORRIGENDUM. 

1. Owing to an unfortunate arithmetic error in Statement B. I. (common to Volumes 
VII, VIII and IX), in taking out the proportions, of the cost of the Barrage proper, debitable 
to each separate canal system, the finanoial statements for each canal system separately are 
not strictly accurate. This error in the sub·division does not, however, aflect the accuracy 
-of the finanoialstatements for the whole combined scheme, in which the whole cost of the 
Barrage, Head Regulators and the whole cost of all canal systems is included. 

2. Thus in the Financial summaries shown on page ix, the figures in the first column, W., 
for the combined project, are correct and unaflected. 

3. But the figures in the remaining three columns, i.e., for the three great canal systems, 
require adjustment among themselves for the correct distribution of the cost of the Barrage 
between them. 

4. To carry out the corrections in all the detailed .tatements would involve a great deal 
·of labour, and the result would be insignificant even for the consideration of the canal systems 
separately, while as already stated, it makes no difierence to the combined project for Barrage 
and all Canals. 

5. 'If the correct distribution of the Barrage cost among each of the canal systems is made, 
·the result aflects the Direct and Indirect Charges, and the accumulated arrears of Interest up 
to the year when each canal system beoomes productive. 

6. The net eflect of these corrections is as follows :-

I. Roli .. Canal Syst.em.-In the 9th year after completion of the work, i.e., in the 20th 
year after commencement of all works (when the work is shown as productive) the total capital 
cost invested in the canal, will be reduced from Rs. 6,55,81,738, as shown in Statement I, 
to Rs. 6,49,42,000. As the nett revenue in that year is not afleeted by this correction in 
cost, and is Re. 34,14,823, the return on capital becomes 6~:e~!2~~::O = 5'25 per cent. as 
against 5' 2 per cent. shown in Statement I. 

In the 30th year after completion the return will be 13'8 per cent. as against 
13' 6 per cent. shown in Statement I; 

II. Eastern Na.a Syst.em.-In the year of completion of the work, i.e., in the 11th 
year after commencement of all works, the total capital cost invested in the canal system 
will be reduced from Rs. 3,49,88,922, as shown in Statement I, to Rs. 3,46,45,922. 

The nett levenue in that year is Re. 22,19,003, and the leturn on capital is therefore 
j~~!:::2 = 6'4 per cent. as against 6'3 per cent. shown in Statement I. 

In the 30th year after completion the leturn will be 21' 5 per cent. as against 
21 '0 per cent. shown in Statement I. 

III. Right Bank Canal Syst.em.-In the 2nd year after completion ofthe works, i.e., in 
the 12th year after commencement of all works, the total capital cost invested in this canal 
system will be in<ll'eased from Re. 8,51,59,770, as shown in Statement I, to Rs. 8,60,07,000. 
The nett levenue in that year is Rs. 42,76,554 and the return on capital becomes 
8~iJ~i~:to = 4' 97 per cent. as against I)' 02 per cent. shown in Statement I. Hence the 
work is barely productive in the 2nd year after completion, but will give a return of 
about 7' 8 per cent. in the 10th year after completion. In the 80th year after completion 
the return is 10'4 per cent. as against 10'7 per cent. shown in Statement I. 

a 1136-d 
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COMBINED PROJECT FOR SUKKUR BARRAGE AND CANALS SYSTEMS. 

SECTION 

" 

" 
" .. 

PART I.' 

GENERAL OUTLINE OF PROJECTS. 

INDEX. 

I Introduction 
II Reasons for preparing these proj ectS 

III Total supply required for aJl canals 
IV Navigation on canals 
V Communications 

• 
SECTION 1. 

Introduction. 

PAGES. 

; ! 4-6 
.. 6 

6-14 
.. 14 

" 

, .. , 
\ ",'. I~I5 

'1. The full hi~tory of all the canal projects ~p to July 1919 is gi{,en in Volume 
II " Appendices to t.he Report on the proposed Barrage on the Indus at Sukkur " 
in Appendix A. 

2. It will be sufficient to deal here ~th the points which affect the projects 
now submitted. ' 

These projects are as follows ':-' 

A-Lift Bank SYBttmBo' 

(1) Rohri Canal "} 'P , t' 
(2) Khairpur State Canal •. ',' . rOJ~ " 
(3) ,Eastern N ara Project. 

B-Right BamJc Sysltm8. 
(1) North-Western Perennial Canal '1 ' 
(2). Central Khanf Canal , ~ Project. , ' 
(3) South Eastern Perennial Canal j , ,'" , " 

. . , ", 'I '" . • ~ '_ I" '. ~ I: oj:, f 
3, Projects were prepared for all these systems, in a more or less modified 

form, in 1909, but none of these projects will suit the Revised Sukkur Barrage 
Project of 1919, and all have had to be redesigned. 

4. Rohri Ca'Ml.-In the case of the Rohri Canal Project although it has been 
necessary to entirely redesign the whole canal system, for reasons which will be 
explained later, yet Dr. Summers' very fine and elaborate project of 1909 has been 
of immense assistance in the preparation of the revised project, and his alignments 
and water levels have been followed almost throughout, except in the head reach, 
and in a few distributaries near the tail. ' 

5. This has made the revision of this project a comparatively simple and easy 
matter, and with the exception of the altered duties of water, and intensity of 
cultivation, the irrigation aspect of the project is practically identical with that 
proposed by Dr. Summers, whose long and valuable study and work on this canal 
has thus been fully utilized. 

6. It has been necessary to revise all rates for work owing to the increased 
cost of labour and materials, but Dr. Summers' rates were so carefully elaborated 
that it has only been necessary to add to them certain percentages to bring them 
up to date; all his methods of calculating them being retained unaltered. The 
masonry works have all been re-estimated on type designs, which have been modified 
in various ways giving greater safety and considerable economy in some cases. 

7. Khairpur State Cana18.-Similarly Dr. Summers' proposals for supplying 
the State canals have been retained, although the change in the design of the 
Barrage has enabled much more satisfactory water levels to be given, and large 
savings to be effected in the length and design of the new channels. 

8. Eastern Nara System.-Considerable changes in the method of supplying 
this system have been proposed, as compared with the 1909 project, but here again 
it has been possible to utilize the previous proposals for distributing the supply 
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of the canals, and the 1909 project has formed a useful basis for calculating 
the cost of the proposed works, many of Mr. Vachha's proposals being retained. 

9.. Right Ba;n,k Canal System.-The 1909 Project for this system could not be 
described as well thought out. It was unsuitable for the country it commanded. 
and neglected entirely the very important and difficult drainage problems involved. 
It has been entirely abandoned, and no part of it has been of any use in the fresh 
project now submitted, which provides for a completely !lifferent system of canals. 
and of distribution of irrigation, while proper provision for drainage and for pro
tection against hill floods, has been made. 

The cost of the present project will be nearly double that of the 1909 Project,. 
but will command a much greater area, will provide for a higher intensity of cultiva
tion, and the project shows a satisfactory return on the Capital outlay, which the 
1909 Project fails to do.· . 

10. With reference to the remarks at the end of Appendix A, Volume II. 
regarding the orders of the Bombay Government for the omission of the Khirtar 
Branch from the Project, I was so convinced that this must eventually be included. 
aild that to redesign for it afterwards would involve so much difficulty and altera
tion to the rest of the Project, .that I ventured to disregard Government Orders in 
this matter and to estimate fully for this canal. 

11. It is fortunate that I did so, as the Government of Bombay in their 
Memorandum No. D.-39 dated 26th April, which reached me on the 1st May 1920, 
instruct me to incluc;le in my project this Khirtar Branch, and have since approved. 
it, and also to make rough proposals for the irrigation of the remainder of N asirabad 
Tahsil not commanded by my perennial Branch. This would have meant a long 
delay had not the perennial Branch been already estimated. 

12. For the same reasons I have included in the Project, my proposals for 
the Begari Rice Branch of the Central Rice Canal hoping it would meet with the 
approval of Government, particularly as a conference of Revenue and Public Works 
Department Officers, convened by the Commisoioner in Sind on 8th April 1920. 
unanimously approved the proposals for this branch, provided they were shown 
to be profitable Md to meet t.he technical approval of Government. The Financial . 
Statements submitted with the Project show that the proposals are entirely pro-· 
fitable, and these have now been approved by Government from the technical 
point of view also, and are included in the Project. 

Munc1wJr Drai1lage. 
12 (a). Although a complete Project for the protection of all irrigated lands 

from the hill floods, have been prepared and is submitted in Volume XIII 
of this Project, it has been considered desirable to exclude these works from this 
Irrigation Project, as the Protective Works form an Agricultural Work 
and should be paid for by a special protective cess, independent of the il;rigation 
rates. 

12 (b). It has therefore been· decided to include in this Project only such 
works as are necessary to ensure the satisfactory drainage of the irrigated areas. 
These works consist of the great high level and low level drains from the Munchar 
Lake to the River, with the Combined Head Regulator for same. The cost of these 
works is estimated at Rs. 76,43,121 and is debited to the Right Bank Canal System, 
no special revenue being credited to the Project on their account. 

12 (c). These arrangements provide for draining off accumulated floods at 
a fairly rapid rate, as the river falls, but do not alter any of the present flooding 
conditions at the time floods are entering the Lake. The entering floods will still 
damage kharif crops, as at present, and the whole country up to the highest level 
(R.L. 124·0) to which the floods accumulate, will. be covered with water for some 
months in a bad year. . 

12 (d). It is therefore decided, in the latter area, to allow for no increase of 
cultivation, and to provide for present cultivated area at the enhanced rates taken 
by Messrs. Baker and Lane, since the supply will be improved by the new canals ; 
but to deduct from the total revenue thus obtained, remissions equivalent to 30 
per cent. of Revenue obtained from kharif cultivation, but no remissions from rabi, 
as it is assumed that the new drain will free all present rabi areas, in time for culti-
vation. . . . . 

•• 1136-2 
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12 . (e). For the remaining a·rea which was flooded in 1917, i.e., between con" 
iour 124'0 and the northern limit of flooding, full rabi development is allowed for, 
.as this ares can be rapidly drained, and the kharif is assumed to increase from the 
present area half way to the anticipated area (as calculated for protected lands in 
the rest of the Project). 
. . 12 (f). All the Flood Diversion, Valley and Lake-containing Banks are omitted 
from this "'project, butthe complete Protective Scheme is sent up with this Project 
in Volume XIII and the rema.jning works may be consiq.ered later if desired, as an 
Agricultural Work. 

SECTION II. 

Reasons for preparing these projects. 

13. These ressons have already been fully explained in Section II, Part I, 
Volume I (Report on Sukkur Barrage Project, 1919). 

It is shown there in paragraphs 15 and 16, that the Government of Bombay 
were of opinion that the proposed barrage and canal systems were necessary and 
desirable, even if they could not be shown to be directly profitable to Go\>ernment, 
.since the indirect profits to the country and to Government would be enormous. 

. 14. It is satisfactory, in submitting these projects, that I am -able to show that 
they will be directly profitable to Government, apart from the very grest indirect 
benefits they will confer on the country. 

SECTION III. 

Total supply required for aU CanaIs. 

15. This question was desIt with fully in Section VII, Part I, Volume I, 
but the proposed canal discharges there assumed were provisional figures only. 

16. Statement No. 1 below gives the final figures of canal discharges 
required for all the projects now submitted. 

17. Statements Nos. II to VIII give the details of this total, as calculated 
for each canal system separately. 

18. Statement No. IX show the maximum and minimum discharges in 
the Indus for 16 years at the Outfall Discharge Section about one Jilile below 
Bukkur Island. 

At the foot of the statement is shown the averages of these minima and 
ma.xima discharges, but these figures are of very little value, since these 
minimum values only la.~ for a day or two at a. time, and would not affect the 
canaIs, owing to the reservoir capacity cfPated by the Barrage. , 

19. Statement No. X shows the average discharges thrmiglumt eaih month 
of tlie same 16 yesrs, and at the foot of the statement is shown the average of 
all these years for esch month. 

20. To these discharges must be added the actual discharge of the Eastern 
Nara Supply Channel, vide statement XI, which now takes off above the river 
discharge section, and which will be closed entirely after construction of the new 
-canals. The proposed discharge for the new head of the Nara Supply Channel is 
aJresdy included in statement No. 1 showing required total discharge for all 
eanals. 

21. Statement XII shows the combined average monthly discharges of the 
Indus at Outfall and of the Eastern Nara existing Head. It is these figures which 
show the real working conditions between river and canaIs, since it is on these average 
discharges throughout the month that the canals will depend for their supply . 

• 
From this statement it will be seen that the minimum average discharge 

throughout a month, occurred in March 1917 and was 20,474 cusecs, while the 
.average of 16 years lowest discharge in each month ofthe year occurred in January 
.and was 39,282'cnsecs. 



22. Comparing statements Nos. I and xn it will be seen that in only 
two months, March and April 1917, out of 16 years, did the river discharge fall 
below that required for all the canals combined. In all other months of all years, 
the river discharge was far greater than required. Even in those two months
it is probable that the reservoir capacity created by the Barrage would have assisted 
considerably to reduce the deficiency, but at the worst there is a deficiency of 
2,800 cusecs in one month, and of 5,200 cusses for one month out of the 192 
months. 

23. But in that year it was obvious that deficiency was likely to occur, 
and in a similar year after construction of the new canaIs it would be possible 
to delay the early waterings for rice (in April) on all canals and this would reduce 
the requirements by 6,460 cusecs, leaving more than sufficient water for the peren
nial systems. 

Similarly in March, the early watering of cotton and other kharif could be 
delayed without much harm to the crops. 

24. For calculating the discharge required in each canal month by month, 
as shown in statements Nos. III to VIII the proportions of crops, taking water 
each month, as adopted by Messrs. Baker and Lane on page 6 of their printed 
report, have been adopted. 

STATEKENT I. 

- - --_. 

Khairpnr Right Eastern 
Month. Rohri State Ca- Bank Nara Ca- Total. 

Canals. naIs. Canals. DaIs. 

-

.January · . · . · . 9,900 · . 6,164 6,692 22,656 

February · . · . · . 9,900 · . 6,164 6,692 22,656 

Mareh · . · . · . 10,760 · . 5,939 6,755 23,454 

April · . · . · . 9,820 2,000 9,209 8,000 29,029 

May · . · . · . 10,100 3,000 15,758 10,683 39,543 

.June · . · . · . .10,250 4,030 19,446 12,200 45,926 

.July · . · . · . 10,250 4,030 19,446 12,200 45,926 

August · . · . · . 10,250 4,030 19,446 12,200 45,926 

September .. · . · . 10,250 . 4,030 19,446 12,200 45,926 

October .. · . · . 10,480 3,000 5,805 6,612 25,897 

November .. · . · . 8,880 3,000 5,548 6,112 23,540 

December .. · . · . 9,900 3,000 6,164 . 6,692 25,656 
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STATEMENT II. 

Abstract oj total fTWfIthly diaclwrrge8 7equired by tke t1vree C!lIMT.9 on the Right Bank. 
, . 

1-". I Month. 
North- South-

Total. Western. Eastern. 

I 
3,639 

, 
2,525 6,164 January .. .. · . .. . . I 

I 

February . . .. .. .. 3,639 .. I 2,525 6,164 
I 

March 3,618 
I 

, 
2,321 5,939 .. .. .. .. .. 

April .. .. .. · . 3,380 3,773 
i 

2,656 9,209 

May .. .. · . · . 3,952 9,312 I 2,494 15,758 

June .. .. · . · " 4,313 12,346 2,787 19,446 

July .. . . · . · . 4,313 12,346 2,787 19,446 

August .. . . · . .. 4,313 12,346 2,787 19,~46 
i 

September . . .. .. .. 4,313 12,346 I 2,787 19,446 
I 

October .. .. · . .. 3,532 . . 2,273 5,805 

November .. . · . .. 3,275 .. 2,273 5,548 

December .. .. .. · . 3,639 .. 2,525 6,164 

STATEMENT m. 
Stattmumt ihuwmg disc1lMge8 required at N ortn We8tern Perennial Oanal fur each 

month during the year. . 

--'-

I Kharif. Babi. 

Cotton and other dry kharif. Rice. J 

Supply 
Total t Supply "'-Month. Supply Antioipateci quired 8upply 

Antioipated ",. Anticipated Area area. under 
Area qnim Area reo at reo a 

area. under area under quired per- irrigation head qnired. ~ 

par. irrigation at par· irrigation at miasi- during the at 
1'1 

mia· during the head mis- during the head ble. month. duty Bible. month. at sible. month. at duty duty 75 37'5 150 

p. c. p. ('. p. c. 
January .. . ... .. · ... .. 100 545,922 3,639 3,639 

February 
, 

100 545,922 3,639 3,639 .. . ... .. · ... .. 
Ma...h .. 50 107,484 1,435 · ... .. 60 327,563 2,183 3,618 

April .. 90 193,472 2,583 30 16,247 433 10 54,592 364 3,380 

May .. 100 214,969 2,870 75 40,619 1,082 · ... .. 3,952 

June •• 21'-969 100 214,969 2,870 54,158 100 54,158 1,443 545,922 · ... .. 4,313 

JnI'y •• &erell. 100 214,969 1,870 aeleR. 100 54,158 1,443 "" ..... . ... .. 4,313 

Augnet .. 100 214,969 2,870 100 64,158 1,443 · ... .. 4,313 

September .. 100 214,969 2,870 100 44,158 1.4:43 · ... .. 4,313 

October .. 47 101,035 1,349 . ... .. 60 327,563 2,183 3,632 

November .. .. " .. · ... . . 90 491,330 3,275 8,275 

December .. .... .. · ... .. 100 545.922 3.639 3,639 
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STATEMENT IV. 

Statement 8hawing tlischarges required at th. South·Eastern Canal!M' ttJCh momh 
tluring the year. . 

Kharil. I Rabi. 
, 

Cotton and other dry kharif. Rice. 'fotal 
!!Iupply . 

Supply reo 
~ Month. - Supply Supply Anticipated requi· quired, 'll 

Anticipated reo Antif,ipated reo Area area. under red at i A .... area under quired Area area under quire<! per· irrigetfoD head 
per· irrigation at . per· irrigation at misai· during tbe at p:; 
mi.- dUriDIit the head mi,- dunna the h~Ad Me. month. dl1tv. 
Bible. month. at Bible. mGnth. at 137'6 

duty. duty, 
68'8 34'4 

~ --
Pe. Per Per 
~nt. ('ent. cent. 

Janu&ry .. .... .. . ... .. 100 347,441 2,525 2.525 

February .. . ... .. .... .. 100 347,441 2,526 2.526 , 
March .. 50 55,460 806 . ... .. 60 208,465 1,515 2,321 

April .. 90 99,828 1,451 30 12,134 353 10 34,,744 252 2,056 

May ' .. ! 100 110,920 1,612 ~ 76 30,336 882 
~ 

.... .. 2,494 
~ 

JUDe .. ~ 100 110,920 1,612 ... 100 40,447 1,176 ~ . ... .. 2,787 -
0 :; -July '" 100 110,920 1,612 C 100 40,447 1,176 :; 2,787 .. .. •• o • .. 
C ... .: - ... 

Auguet - 100 110,920 1,612 100 40,447 1,175 .. .... .. 2,787 .. 
September .. 100 110,920 1,612 100 40,447 1,175 .... .. 2,787 

Ootober .. 47 62,132 758 .. -, .. 60 208,465 1,615 2,273 

November .. .... .. .... 
I 

.. 90 312,697 
2,

2731 2,273 

December .. .... .. .... .. 1100 347.441 2.525 2.525 

STATEMENT V. 

S~ showing tlisoharges requiretl oJ, Central Rice canalfM' each momh during the year. 

Kharif, , 

Cottoll and other dry khalil. Ric., 

Month. 

JIWlUary 

February 

March 

April 

May. 

Juno 

July 

Augua .. 

September 

o.tober 

No_ber 

Dtloem.ber 

" _1136-8 

A.... 
per. 
mi ... · 

lible. 

. 

I 

Antieipated ~u::!y 
area under quired Area. 
irriga.tion at per
during the head mis-

month. at sible. 

Per 
oent. 

duty. 
77'8 

50 13,631 174 

90 24,636 

100 27,261 

100 27,2il1 

100 27,261 

100 27,261 

314 

349 

349 ~ 
349 ~ .. 

349 

Supply 
Anticipated reo A.... 
area. under qui red per
irrigation at mia-

during the hlP.ad sible. 
month. at 

Per 
omt. 

duty. 
38'9 

30 139,849 3,699 

76 349,622 8,998 

100 466,162 11,997 

100 466,162 11,997 

100 466,162 11,997 

100 466,162 11,997 

I :: 

Rabi, 

I 
Auticipated Supply Total i 
area under 1'8Qw. IIUpPly' rii 
irrigation red at re.. ~ 
duriDg the head quired .. 
month. at at j 

·dutv·l~ _ 
• r----ead. 

3,773 

9,312 

12,346 

12,346 

12,346 

12,346 
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S'lIATBMENT VI. 

Btatemenl aJwuWng, dilchargea requVreiL at Rohri CMIIU keo.iJ, for, eooA ~ .~.14e gear. 

Mon~h. 

Area 
p .... 
mil .. 
sible. 

Suppl, Area An~icipated Supply 
Anticipated re.- per- a.rea. under l'e- Are. 
area. under quired mil· irrigation. quire<! per-
jrrigation at sible. during the . at mis .. 
during the h.ad mon~h, head sibl •• 

month. at at 

Sup!,!, Total ~ 
Anticipated roqui. supply • 
area under red at 1'8. ! 

irrigation hOBd quired. ~ 
during the •• 
lIlonth. dnty. 

--________ .�----~~~----~--~U-:-~-·II----rl. 1-~-D-~y-6.1---~-------~.~----
Per Por Per I 

cent. cent. . cent. 
" . • . . . • 100 1,355,000 9,900 9,900 Q Sanuary 

iFebruary 

March 

April 

May 

.lomo 

July 

AugUBt 

:S<u>telllbor 

(lctob.r 

Nove"lber 

!December 

Noarly. 

60 338,500 tI,820 

90 609,aOO 8,650 

100 677,000 9,650 

100 677,000 9,650 

100 677,000 9,650 

100 677,000 9,650 

100 677,000 9,650 

47 319,000 4,540 

~ -.. 

30 6,4110 

75 16,000 

100 21,aoo 

100 21,300 

100 21,300 

100 21,300 

STATEMENT vn. 

180 

450 

600 

600 

600 

600 

! 
~ 
~ 

100 1,355,000 9,900 9,900 

60 813,000 6,940 10,7110 

10 135,500 990 9,820 

10,100 

fil c 
~ 

] 
j 
~ 

10,250 "S 

10,250 l 
10,250 ~ 

10,250 

60 813,000 5,940 10,480 

90 1,217,500 8,880 8,880 

100 1,355,000 9,9QO I 9,900 , 

J a 
·f 
d 

Statement ,hawing disokargea r~ireiL at keo.iJ, of Klwirpur state tJaMls for each month 
durmg tke year. . 

Kharif. I Rabi . 

. -
Cotton and other dry 

kharif. . Rice. 

Anticipated Supply Total 
Supply Supply area. under requi- supply ~ Anticipated reo Anticipated ... Area irrigation red at reo 

~ 'Month. Area area under quired Area area under quired per. dnring tho head quired. 
G 

~. irrigation at po .... ,irrigation at mia .. ZQ.onth •. at Ill; 
1D18. during the hoad mi ... during tho hoad sibl •. duty. 
sibla. month. at Bible. month. at 

duty •. 
50 

duty. 

-January 
, 

I 
.. . ... .. .. .. .. . . . .. . . . . 

Fobruary .. • • • o. . . .... .. ... . .. . . 
March .. . ... .. 

h~';~ f .. ... . .. . . 
April } 

Sa.y ! .. . ... .. 2,000 .... .. 2,000 
waterlngs 

·c 
for Rice. - ;: 

May l 3,000 3,000 ~ .. . ... .. o..' • .. 1>1 

Juno 

} 
96,760 for 4,Oa~ .. .. .. .. .. . . 4,030 
Weat Cana.l 

July .. 104,250 10 4,oaC .. .. . . . ... .. 4,OaO 
East Canal, 

4,03( August · ... .. ... . " . . 4,030 
201,000 

4,OaC Soptember · ... .. . ... .. 4,030 
For 

October .. . ... .. . ... .. Bosi water- . . 
~.~ November 

ing only. 
3,000 .. . ... 

I 
.. · ... .. .. .. . . 

December .. '" . .. . ... .. .. , . .. 3, 



STATEIlENT VlII. 

SWlemRmt akmoing dischargu r"'fUired in. tlIe Easrem Nara Ohannel/or tJJCh montll during the year. 

Xharif. Rabi. . 
Cotto"::a and other ttrY kharif.1 Rice. Supply required 

at head at duty 
Month. Anticipa.ted area.. undef 158. 

Anticipated area Supplyre. :Area per· irrigation during the 
Are&per. under irrigation Supply required Area per- Anticipated area quired at missible. month. 
mi.ible. during the month. at be~ at duty. mi88ible. under irriga.tion hood at 78 during the month. datY89. 

Peroent. Per cent. Per cont. 
.January .. .... .... . ... ., .. 100 914,600 6,800 

Ii'Jbraary .. . ... ... , . ... ., .. 100 '914,600 6,860 

Maroh . . &0 187,276 2,403 .... . ... &0 JS48,700 3,620 

April .. DO 336,696 4,325 30 72,150 1,857 10 91,460 , 586 
Ii 

May .. 
i 

100 374,560 4,801 i 75 180,375 4,650 ~ .... .., . 
Jaue .. a 100 374,650 4,801 $ 100 240,600 8,167 ! . ... • ~ 

. ... 
C> 

100 374,500 July ., 4,801 100 240,600 6,167 ~ .. ., 
~ .. . ... .1 •• .. 

August <- 100 374,600 4.801 
... 11)0 240,500 6,167 .. .. . ... . ... 

September .. 100 374,600 4,801 100 240,600 6,167 

October .. 47 176,500 2,280 .... .... 80 .. , . 648,700 '0 '0 3,620 

November .. .... . ... . ... . ... 00 823,060 6,280 

December .. .... . ... .... o. " 100 '014,600 5,1100 

Add for 
Tofla!. IQ,airpw 

Outlet.. 

6;860 . . 
0;860 .. 
6,923 .. 
6,788 400 

9,451 400 

10,968 400 

10,969 400 

-10,968 400 

10,968 . 400 

6,780 .. 
6,~80 .. 
6,860 .. 

x-.. 
in the 
Nora 

River. 

832 

832 

,832 

.832 

832 

1132 

832 

832 

832 

832 

832 

832 

~.tol. 

-
8,892 

6,692 

8,7405 

8,000 

10,583 

12,200 

12,200 

l2,200 

12,200 

6,612 

8,112 

8,692 

.... .... 
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STATEMENT IX. 

Mll3Jima and Minima. disckwrgea in the InduB at Ou/faU Discharge Section, Sukkur, 1901·1917 • 

January. Febrouy. • )Web. April. lIay. J .... 

Year. 

lIaxImum. MInimum. Mulmum. !llnlmum. Maximum. Hlnlmum. Mas:Imum. MIllImum. Maximum. MJDlmum. Mazlmum. MlDlmum. 

1001 .. 91,000 82,000 91.000 41,000 66.747 87,000 156.000 68.219 387,000 76,698 2M .... 127,986 

I_ .. 82,000 29,000 29,000 27,QOO 27,000 2<.000 87,000 28.000 272,000 38.111 370,719 124.000 , 
1908 .. 27,000 22,000 82.000 21,000 U,298 18,947 10,240 81,860 207,181 74,000 888,71' "8,88' 

190< .. 62,000 81,000 89,000 80,000 00.000 29,,000 93,03' 4&,000 1"',000 76,710 '28,270 148,707 

11106 .. 88,000 27,761 <0.000 28.000 0,000 27,,000 1&&,89. <2.000 840,827 116,11' '80,000 268,"7 

1908 .. 88,000 22,&89 '110,000 2<.000 122,000 52,000 155.000 89.000 300,88& 188,678 820,000 208,000 

1907 .. 48,178 82,051 91,000 SS,US 91,886 60,586 188,4.78 BO,ORS 287,217 110,810 386,529 108,918 

1008 .. 67,000 SO,186 33,926 27,809 28.74~f 26,462 280.000 26,712 181,000 118,889 880,000 189.930 

1009 .. '&,82& '0,000 '1,68' 86,028 61,000 87,000 9&,8&7 .U.f29 128,000 82,748 875,000 116,000 

1910 .. 126,000 <2,8&1 58,Ue 86,H2 55,516 80,818 168,000 51,000 2&1.000 92.000 ~40.068 276.000 

1911 .. 118.000 88,200 140.000 38,000 654,000 "'.'11 2<9,812 1<.,22< 262,510 16<,8&1 &82,7" 272,000 

1912 .. 77.071 

1 

02,180 74.000 89,867 48,065 85.811 119,000 85,311 219,878 110,8&0 869,000 165,026 

1918 .. 82,020 27.428 82,585 28,780 89,151 24.996 68,e08 35.089 810,000 858,909 ~I,ooo 201,000 

1914 .. 88,000 27,602 ",798 23,719 '4,000 81,850 2",000 40.000 249,000 eO,789 476,000 104,000 

1915 .. 55.686 41.012 114.000 ~,664 101.000 45,7.1 299,000 75.000 427,000 142,129 .... 000 215,028 

1916 .. 8i.754 26,117 81.97' 25.546 82.000 2&,8&9 66.000 82,261 .88.968 &2,00& .... 000 67.000 

1917 .. 32,7'4 24,158 97,801 28.894 22,487 17,722 26,592 11,&68 104.000 27,000 '470.000 122,000 

6',898 I 81,256 60,585 30,&02 I 85,804 35,168 I "&,29& 51,466 2<2,828 I 91 .... I 896,,286 175,078 

July. A ...... ~ I September, October. November. I December. 

y .... 

lIaxImum. IIlnImum, Masimnm. MIllImum·IM ....... um. MtDlmnm. Mulmum. MJnImom. Maximum MIllImum·IMaxlmum. IlIDlmum. 

1901 .. .. 7.000 196,857 701,000 885,061 580,172 146,792 12<.000 76.000 76,000 00.000 46,000 81.000 

100' ,. 442,000 166,580 '75,225 174,000 248,000 110,086 00.000 47,000 '6,000 88.000 88,000 27.000 

1003 .. 494,680 208,&8& I 815.000 -'S8.418 592,147 156,272 188.614 71,078 10,832 44.000 ".000 33.000 

100< .. 182,000 258,128 562,000 282,234 280,929 96,178 8&.000 87,210 87,7n 82,000 84.000 80.150 

190& .. &80,842 824,000 '23,089 260,997 ~,fo64 180,000 188,158 80.465 60,000 82,000 86,000 28.000 

,006 .. '74,000 880,000 816,580 '07,156 578,147 280.628 104.000 82.528 ".000 &8,219 ".6&0 86,77'1 

1001 .. 280.000 189,890 02&,289 286,000 2960,000 189,018 119,000 49,400 ",296 <0.000 <0.000 91 ..... 

1008 .. 527,000 2<0,260 650,000 462,599 821,811 158,185 154,000 6&,224 ".000 51.000 &1,80& 89,700 

1009 .. 518,000 805,885 631,796 480.964 &91,aos 211,460 189,000 '18.000 76,000 60.088 69,742 '0,882 

1910 .. &37.000 264.000 07<,&31 ..... &8 700,4.4.0 171,000 162,447 76.000 86.000 ,,",668 '<0,289 ...... 
1911 .. 570.000 207,oso "'.097 266,4.06 457.4.56 211,089 188.000 88.000 88,&06 09,&81 liO,767 '&,849 

1912 .. 780,000 289,000 716,188 376,000 4.29,000 105,280 86,000 54,000 62.000 45,018 <0.000 38,4.28 

1918 .. 462,610 201,'98 638.000 261,439 4.62,000 100,000 99,810 63.000 &8,aoo ..... & ",770 80,. 

1914 .. 888.000 417,168 "7,000 1&1.000 001,288 290.000 363,000 91,000 132.989 82,000 100,127 &0,aa7 

1916 .. 518.000 215,000 «6,000 8508,000 880.618 12'1,000 190,828 69,860 80,000 t6,271 ",616 32.Ml 

tela .. 620,000 819,705 735,348 S91,W .... 000 121,610 189,000 1&,&21 6<,&1' 43,.f.71 63,498 ",817 

1017 .. 4.87,000 218,000 1'0,270 4.13,6" 603,131 sso.eso 6$0,4.42 8&._ 208.08& 6&,288 58.689 48,818 . 
618,'71 I 260,488 616.488 1 866,716 I 492,4.86 178,611 167.7S4 88,291 72,665- '6,606 .. ,aos 88,&87 
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STATEMENT X. 

y .... laD\W7. ... ....".. J 1Iucb • I ....... · ... .. J .... luJ'y. August. .. ..... ""'. October. November . Decemb .... 

, ... .. .. .. .. .. . . .",800 Da.700 ..., .... 211,400 82,100 ...... 30."" , ... .. ...... .., .... 7!,200 116.400 003."'" ....... .., ..... 524,Il00 414,400 118,900 ...... ""-,007 .. ., .... ...... .',800 118,700 172.200 285,000 232~OOO 38D,OOO 171,600 76,400 48.500 .5 .... 

'008 .. ...... ...... 27 .... 134.so0 '38 .... 250,800 '23,000 . 502,200 512,800 98,000 58,400 ".600 , ... .. U.700 38.100 ...... 71.700 
1 

108,100 275,100 897,500 535.700 438,800 111.000 ".000 U,OIJ() 

1810 .. &9,000 43,700 87,600 7 ..... 145,300 849,700 f61.")() 558,000 366,800 108.600 .... 00 U.100 

1911 .. 6'.700 ...... 161,600 178,GOO 195,000 ....... 878,200 ""',800 301,700 105,700 57,000 50.sro 

1912 .. 47,700 50 .... .0 .... '.,800 1'8,000 271.300 518,«10 559,600 .. ..... 68,700 <7,000 85,700-

1918 .. 29,600 ...... ....... ",000 127,100 281,100 339,100 435,100 255,700 71.700 ...... ...... 
IOU .. ...... 80,400 ...... 82,600 . 129,200 246.700 689,500 597,700 162,100 

I 
140,000 101,000 68,800· 

1915 .. 46,700 59,900 68,600 148,700 325,700 297,&00 34-6,100 881,100 236,100 119,200 56,300 87.aoo· 

1916 .. 28,800 .. .... 27,000 0&1,700 65,900 287,000 418.20(1 587.400 265,700 106,100 61,100 .7 .... 

1917 .. ...... ",800 1.,800 22,700 58,700 241,100 276.600 810,500 492.soo 210,800 107,600 60,600· 

uns .. ",000 85.100 ...... U3,200 230.600 441.900 815,700 310,.300 197.500 fi6,100 ...... 27.000' 

1919 .. ...... ...... ...... 7 ..... 114,«10 278,300 391.100 '56.soo 24.9.600 •• ,800 .., .... ..,800 

'920 .. ...... "".WO .. .... .. .. 
, 

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

87,898 I 80,8U .. ...., ...... 15f,8n I 801:oG87 ... ...., '76,927 319.958 80.160 57.187 60.673 

Average monthly dischargeJJ at tk hen.d oj the Eastern Nara Supply Channel, 1905--1920. 
, 

y_. J .. ....,. Feb ...... """'" II. , : 1Ia. Jun. Jul. 
A_ 

September October November D_. 

1905 .. .. .. .. . . ., 10.67D 19.765 17,228 U,54!: a.72{ 4,058 ...... 
,900 .. 2,M5 2.675 3,650 1,163 ', ... 18,&.80 18,676 19,507 5,212 3,055 ..... 1.175' 

,907 .. ... 1,720 2.586 1,978 5,494 8,572 . a,628 " .... 5,510 . 8,191 l,fi2O .... 
'908 .. ... •• 7 ... 2,728 . .... 8,On 14,24.8 Regula"" 5,090 

"ooed • 
1,411 '0 • .. 

'909 .. '5' .. .7. 1,037 ', ... 5,678 ..... 16,851 18,516 8,557 2,828 1,59$ 

UII0 .. ' .... 1.8SS. l,5tS 2,990 4.784 I 10,072 11,570 8,780 5,a49 4.07' ..... ,-
J911 .. 2,418 2,674 ,..,.,....,. ........ ..... 13,568 10,957 11,283 8,088 ..... 2,f31 ' .... 
'1112 .. · .. 7 1,770 1,278 2.989 0,918 0,869 15,597 17.n9 9,071 9,698 ..... 2, .. 1 

'8" ··1 '.'" '.927 2.460 8,031 .... 7 13,fOD 12 .... 16,162 S,057 4,770 2,859 2,,017 

1116 .. ' .... '.583 2,058 3,810 5,736 9,331 21,269 12,066 10.443 5,607· ..... .. ..,. 
1D15 .. 2,'86 2,877 ..... '.583 7 .... 8,500 9.705 12.488 8.s47 5,212 ..... ' .... 
1918 .. 1,174 1,175 ' .... 2,410 ..... 0.872 i.2,222: 19,916 8,192 5,321 2,518 ' .... 
1917 .. 1,104 ' .... 8i' • •• 3,031 8,192 ..... 19,792 12.409 ..... 8,D78 ' .... 
UllS .. '.303 1,118 2,062 _,877 7,470 12,220 S,OIZ 9,-197 6,'86 2,198 1,2" 965 

un9 .. .7. 1,854 1,438 8,492 8.958 9,458 14,278 16,150 8,548 2,301 1,112 ... 
, ... .. ... 1,102 1,&28 .. .. .. .. .. .. . . .. . . 

1.889 1.&51 1.681 2,5 .. 5,0f05 10,8M I 12.890 12,836 I ..... •• 060 2,85 ' .... 

" 11 1135-4. 
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STATEMENT XII. 

A_'age monthly CMYIbined di8ckarge oj the !liver 1 MUS at eutjaU discharge section tmd tlIe ElJ8tern 
. . NaTa Supply Channel, 1905-1920. 

I January February I lIIarch AprU lIIay Jun, July Auguot septemberl Octobe.r I November 
, 

.. .. . . .. .. .. 414,479 ".,'.' 358,126 285.942 88.824- 42,458 

.. 30,845 43,575 76,850 118,563 205,600 263,480 420,576 538,107 419,612 121,955 64,682 

.. 88,tBS 67,020 72.365 116,678 1'17,63' 243,572 240 .. 626 ""' .... 177.119 78,531 &5,020 

.. 36,389 80,697 27,992 137,028 142,946 258,87' 438,146 502,200 517,800 94.411 56,603 

.. n,8SS 88,798, 64.878 72,737 110,40' 280,778 406 .. 777 550,861 450,815 114.557 62.326 

.. 60,620 45,338 89.148 78,590 149,784 35D,??!: 462,970 662.780 362,449 112,674 61,128 

.. 57.113 71,274 161,500 173.600 201,588 45'7.768 388,557 370,783 309,738 109,383 ~9,'31 

.. 48.fi57 62,670 &1,578 61,789 166,818 280,969 583.997 677,319 248,671 72,398 42,804 

.- 31,728 28.227 36,250 52,031 133,647 294,509 801.199 451,262 268,757 76470 45.769 

.. 30,925 31,988 88,2'. 86.410 184.936 256,081 710.769 609,766 472,643 145.507 105.503 

.. 48,88' . 62.577 70,160 164,283 333.541 806.096 354,805 ~9S,586 244,"7 124,4.12 58,740 

.. 29,074 20,475 28,250 44,110 69,768 277,772 480,422 601,314 271,832 111,421 63,613 

.. 28,3ot 26,3M 20,474 23,695 aO,7S1 240,292 286,246 680,292 445,209 217,082 110,678 

.. 43,303 36,218 60,662 147,877 238,070 454,120 323,712 328,197 202,966 68,208 36,434 

.- 25.378 30.654 89.73S 79.792 118.358 287.768 406,178 471.-l50 256.149 72.101 41,612 

.. 86,882 86,202 45,128 .. .. .. .. 

I ~9.7.' 
.. .. .. 

-
30,282 41,898 64,148 06,OI~ 159,416 312,351 413,480 -328,242 93.200 59,MtI . , 

SECTION IV. 

Navigation on Canals. 

25. Navigation for the public is not provided for on any canal, but all 
-canal regulators and bridges have been designed to give a minimum clear headway 
-of 5 feet above Full Supply Level to underside of gates when fully raiRed, and 6 
feet clearance between )j'.S.L. and the soffit of all arches. This will allow for 
boats carrying materiaLq Eltc., to pass along certain sections of the canals, and for 
row boats, or motor boats (with awning lowered) to pass with Inspecting Officers, 
if desired. 

26. No provision has been made, however, for such boats to pass through 
fall regulators, or simple falls, nor has clearance been proposed under railway 
bridges for this purpose. Inspection will be done almost entirely from the 
banks, and boats will only be used in the ordinary way for conveying canal 
:stores from one point to another along reaches of the canals. Separate boats 
must be kept for this purpose where required on both sides of railway bridges, 
falls and fall regulators. 

27. For occasional canal journeys and inspections row boats can be used, 
fitted with Eviorude Motors, which can be qu.ickly remov~ from one boat, 
carried round the fall or bridge, and fixed in the boat on the other side. 

SECTION V. 

Communications. 

28. J"and communication throughout the canal irrigated tracts is already 
provided by existing District and Village roads of varying c·ondition. Wherever 
such roads cross main or branch canals, a bridge is provided. District Road 
Bridges have a clear width of 16 feet between wheel guards, and Village Road 
Bridges a clear width of 8 feet. Wherever possible these bridges are combined 
with canal regulators, falls, syphons or aeque.duets, as thereby economy is effected. 

29. On the main canals, wherever there is no eXisting road crossing the 
canal for a length of more than 6 miles, a Village Road Bridge has been provided, 
so that the maximum distance between any two bridges is 6 miles, the average 
·distance being much less. 

Decembel 

82.987 

36,875 

88,782 

44,6OQ 

48,598 

42,969 

61.593 

87,881. 

34,817 

72.205 

39,~98 

88,744 

",200 

28,865 

35,482 

. . 
'2,25" 
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30. The following statement shows the average distance between .bridgl"s 
1ln the main canals of each system :-

Rohri Canal 
Right Bank North-Western Canal 

II JJ South-Eastem JJ 

" " 
Cent .... l Canal 

Eastern Nara Jamrao Canal 

" 
" 

" Mithrao Canal 
" Khipra Canal 

Average distanC'8 between bridgea. 

3·3 miles. 

., 4·1 " 
3·9 

" 4·2 
" 

4·7 
" 

2·9 
" 

3'1 
" 

31. For inspection of the canals in the first few years after opening, the 
inspection paths will be along the top of both canal banks and have the following 
widths, viz :-

For all main canals and branches .. 8' top width. 
" "distributaries (50 to 200 cusecs) 5'" " 
" "minors (below 50 CUSl'Cs) 3'" " 

32. Eventually, when canal berms have silted up to F.S.L., the silt deposited 
near canal edge will be excavated and used to raise the inner portion of the silted 
berm to one foot above F.S.L. The excavated portion will again silt up and the 
process will be continued till the full width of the berm has been raised to I foot 
above F.S.L. When this stage has been reached, the inspection paths or service 
roads will be run along the berms throughout the canal system. . 

33. The final minimum width of silted berm allowed for is as follows:-

Ohannel oarrying-
more than 2,000 cnsec. 

from 2,000 to 1,500 cusecs 

" 
1,500 to 1,000 

" 
" 

1,000 to 750 " 
" 

"750 to 500 
" .. 500 to 200 
" .. 200 to 50 
" 

below 50 cusecs 

Width of final .ilted herm 
I' above F.S.I. 

30 feet. 

25 " 
20 " 
15 " 
10 " 

10 " 

7'6 " 
5 .. 
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PART II. 

THE GENERAL PRINCIPLES ADOPTED FOR THE DESIGN OF THE 
CANAL SYSTEMS. 

SECTION 

" 
" 
" 
" 
" 
" 
" 
" 
" .. 
" 
" 
" 
" 
" 

.. 
" 
" 

INDEX 
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III The intensity of cultivation to be provided for 
IV "Duty " of water for various crops 
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VII Alignment and design of canals and drains 
VIII Design of banks and berms 
IX Spoil banks •• 
X Obtaining the cbeapest sections for canals 

XI Width of land required .. 
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XIII . Drainage channels 
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SECTION I. 

The Prime Record. 

PAGl!:S"_ 

16 
16 
17 
17 
18 
19 
2~22: 

22 
23 
24 
25 
25' . 
25 
26 

,27 

28 
28 
29 
29-31. 

34. The 1 inch to 1 mile Topo sheets, on which are plotted the contours. 
obtained by the survey and levelling operations, will form the prime record, and 
base of all measurements and designs for the canals. ' 

The main canals, branches, distributaries and drains will be laid off on these 
plans, the gross area of command under each branch, etc., will be measured by 
planimeter from them, the longitudinal sections of all channels plotted by refe
rence to the lengths and contour.s, and the lengths of all channels measured from 
the plan. 

35. When the project is, sanctioned all Buch channels as marked on the 
plans, will be Bet out on the ground, and the longitudinal section (and cross sections 
where necessary) be levelled and plotted. From this section the final estimates, 
and .working drawings of each channel will be prepared. 

SECTION IT. 

Culturable area-how calculated. 

36. From the gross area of each separate distributary command, will be
deducted the area of unculturable land, as obtained from Messrs. Baker and Lane'S-. 
Dehwar Btatements. A further deduction of 6 per cent. of the gross area will 
be made, to allow for lands occupied by canals, watercourses, roads and villages. 
The balance will be taken as the cultu,rable area. 

37. This procedure was approved by Government in the (',ase of the Rohri, 
Canal, in Governmept Memorandum No. C.E.-I-l, dated'the 17th January 
1920, and in the case of the Right Bank Canals in Government Memorandum 
No. 1.-6053, dated the 23rd March 1920. For details Bee Appendices A and 
B, Volume V. 
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SECTJON III. . . . ,. 

The, intensity of llU:lt~vatiolJ.to lie providecl 19r• 

38. This varies with the different' canal systems, according as they are to 
supply a large area of ri~ lands or not. Distinct rules are used for-

(a) The Rohri. Canal and the perennial canals of the Eastern Nara. 
System; 

(b) the Right Bank perennial canals. 
( c) Rice Canals. 

The rules adopted and approved by Government are \LS follows. 
VKh Appendices A and B. Volume v. 

39. Rohri Oatnal (and perennial branches of Eastern Nara System)-27 pl'r 
cent. of the culturable area will be provided for dry kharif cultivation. 

54 per cent. of the culturable will be provided for rabi cultivation, i.e., the 
total intensity of cultivation is 81 percent. of culturable. 

No&e-The a.rea. of rice allowed on Rohri Canal is very sm&ll, onl, 21,321 acres or about 1 per cent. of total. 
cultiva.tion. . 

40. The Right Bank Perennial Oanals.-The culturable area having been 
found as befOJ;e, the area of rice cultivation given by Messrs. Baker and Lane 
in their Dehwar statements is assumed to be 95 per cent. of the area suitable for 
rice, the balance 5 per cent. being dhoros and occasional fallows. The rice 
cultivation is therefore multiplied by 100(95 to give the rice land area.. 
This area is deducted from the total culturable leaving a balance of culturable 
land suitable for pereunial cropping. Of this pereunial culturahle area, on any 
given distributary or branch, the total intensity of cropping (kharif plus rabi) 
is taken as 82 per cent. (as in the Rohri Canal Tract). 

Out of this total of 82 per cent. the rates of rabi to dry k.harif is varied 
between 2 to 1 and 3 to 1, so as to give the total kharif discharge of the channel 
(rice plus dry kharif) as nearly equal as possible to the rabi discharge. 

41. Rice Oanals on Right Bank and on Eastern Nara system. The cultur
able area is found as before. 90 per cent. of this culturable ¥ea is taken as being: 
rice lands, and 10 per cent. as being suitable for dry kharif cultivation. . 

Of the rice lands 93 per cent. is allowed for rice cultivation every year, and! 
of the -dry kharif lands 5 per cent. is allowed for cultivation every year, so> 
that total cultivation is 90'5 per cent. of cultivable. 

SECTION IV. 

" Duty" of water for .various crops. 

42. In paragraph 16, page 5 of their Report, Messrs. Baker and Lane show 
the duties adopted by them for the various crops. Their reasonS for adopting 
these duties are given on pages 3 to 5, and their recommendations in this matter 
have been accepted by Government and are adopted here in designing the canals. 

43. As all canals are designed from the tail and distributary heads, upwards 
the basis of calculation is the duty at distributary heads. The duties at Branch 
and Main Canal heads are derived from the Distributary head duty, after adding 
for absorption losses en route. Messrs. Baker and Lane estimated these absorp
tion losses on a percentage basis and hence arrived at the duties shown .. 

44. The more accurate method of calculating these losses from the wetted 
perimeter of channels can only be adopted after the channels are designed, and 
this has now been done. The losses by evaporation and absorption are calculated 
as 8 cusecs per million square feet of designed wetted perimeter. This figure is 
generally accepted throughout India as sufficiently accurate and has been found 
to be approximately correct from actual observations on, working canals. 

45. The duties adopted at distributary heads are as follows:-
Kharif Rice 43' 5 'acres per cusec. 
Kharif Dry (Cotton, etc.) . . • . 87' 0.. .. .. 
Rabi 174'0 .. .. .. 

" B 1136-6 
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SECTION V . 

.. Overlap .. allowance and discharge 01 Canals. 

46. In the 1909 Rohri Canal Project and in the Right Bank Canal Projects, two 
different Full Supply Levels were taken, viz., a maximum F. S. L. and an 
ordinary F. S. L. ' 

The difference in depth of canal due to the raising of water surfaCe from the 
ordinary to the maximum F. S. L. was su.flicient to increase the discharge of the 
canals by 25 per cent. above the ordinary discharge. This increased discharge 
was provided to meet periods of extra heavy demand when kharif and rabi crops 
overlapped. It has been the practice in Sind and the Punjab to design on this 
method. 

47. But with such a system it should have been possible to command all 
land for flow irrigation with the ordinary F. S.L. Actually this was not possible 
with either the Rohri or Right Bank Canal Systems, the flow area being taken as 
that commanded by maximum F. S. L. This was a mistake in design, and was 
pointed out by Mr. Herbert (vide pages 2 and 3, Volume 9, 1909 Reports) in con
nection with the Right Bank Projects. 

48. ,In the Punjab it hal! been found that the 25 per cent. extra reserve 
supply to meet periods of overlap is not, in practice, retained for that purpose, 
but that onr.e the canal has been worked up to the maximum F. S. L. it is thereafter 
kept at that level (if water is available) and fully utilized throughout the season, 
while at periods of overlap the crops go somewhat short of water. The maXimum 
.supply therefore becomes the normal supply, without any reserve margin. 

49. At the beginning of 1918 when Messrs. Baker and Lane were estimating 
the discharge of canals, they allowed for an overlap ' allowance of 121 per cent. above 
normal supply: I wrote pointing out to Mr. Lane that a more accurate method was to 
~alculate the supply required in each month for the area of each crop then sown, 
l1nd to vary the watering from the age and state of the crop. Mr. Lane considered 
this an unnecessary refinement and did not adopt the suggestion. But shortly 
,afterwards he worked out the discharges required, month by month, allowing for 
a variation in the area of crops only, month by month, 'and not making any 
,allowance for different depths of watering according to the age of the crops. This 
is the system Messrs. Baker and Lane have adopted in their Report, and which 
has been accepted by Government. , 

50. According to this method of calculation the maximum discharge in the Rohri 
Canal is required in the month of March, and is about 7'3 per cent. higher than 
the purely kharif supply, as calculated from kharif areas and duties. The canals on 
which there is little or no rice, e.g., Rohri Canal system and Jamrao, have according
ly been designed to carry, with normal F. S. L., a discharge of 7'3 per cent. greater 
than the purely kharif discharge. 

S1. The smaller discharges required in the rabi season, and in kharif months 
when there is no overlapping With rabi crops, will be run with the same depth at 
regulators, so that the F. S. L. is constant and is su.fliciently high to give flow water 
to the areas commanded. If in some months a smaller supply than the calculated 
maximum supply is actually run, this will flow at slightly lower velocity than that 
-designed for the maximum discharge. In almost all sections the velocity for maximum 
supply has been kept higher than: the critical silting velocity (but below scouring 
Velocity) so that water can be run at a lower velocity before reaching silting point. 

52. In the case of Perennial canals, on which a considerable area of rice is 
provided for, the total kharif discharge (rice plus other kharif) is greater than the 
discharge at periods of overlap of other kharif and rabi; since the rice crop does not 
overlap with the rabi. Hence for these canals the designed discharge is that requir
ed for rice plus other kharif. These conditions apply to the Right Bank Perennial 
Canals and to the Mithrao and Khipro Canals 'of the Eastern Nara System. 

53. . In the case of rice ca~als there is of course no overlap, there being only 
the kharif crop, and canal bemg closed throughout the rabi season. The duty 
proposed by Messrs. Baker and Lane, and accepted by Government, is 43'5 acres 
per cusec at distributary head. This is considerably higher than the average duty 
now obtained on inundation canals, but is considered reasonably liberal, for the 
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certain guaranteed supply with the new canals properly regulated and dis
tributed. The present duties with inundation canals are hardly comparable and, 
are bound to be much lower, owing to the natural tendency of the cultivator, 
when dealing with a fluctuating and unreliable supply, to take as much water as 
he can, whenever he can get it, in order to tide over possible and probable periods 
of deficiency a few days hence. . 

54. But even with the new canals the demand of the rice crops will not be 
constant, and for about two months during which transplantation is in progress, 
a considerable heavier supply than the normal will be needed. This extra demand 
will occur in the months of June and July when there is always a large discharge 
in the Indus and there would be no difficulty in heading up water to the top of the 
Barrage gates, or even higher by passing surplus watetunder all gates. During 
this month therefore it would always be possible-if found necessary-to raise the 
F. S. L. in the rice canals by about 6 inches and thereby to increase the normal 
discharge by about 7! per cent. . 

All canal banks and masonry works ,are provided with ample free-board to 
allow of such raising, which would only be permitted during the transplantation 
season, and then only if found really necessary. It seems likely that with the 
absolute certainty of a regular supply at constant level the duties for rice will be 
greatly improved . 

• 
SECTION VI. 

Nomenclature adopted and symbols used on Plans. 

55, • The following classifications are adopted for all projects:-
Canal System.-This is the general heading for all canals on each side of 

the river, i.e., Left Bank System and, Right Bank System. 
Main CanaZs.-These are the principal channels each of which titkes off 

either from the Sukkur Barrage or from a weir on the Eastern Nara System, 
The Main Canal starts at its head regulator and ends where it furcates into 
branches or distributaries. They all have names and are denoted on the 
plans by the letters M.C. 

Branch CanaZs.-A branch is any channel other than a Main Canal carry
ing more than 200 cusecs. It may titke off from the Main Canal or from 
another branch. They all have 'names and are denoted on the plans by an 
abbreviation of the name and the letters Br. 

Distributaries.-A distributary is any channel carrying more than 50 and 
less than 200 cusecs. It may take off the Main Canal, a branch, or another 
distributary. These are numbered serially on each bank from the head of 
each separate charu;tel from which they take off an~ are denoted on the plans thus 
~~,3B~ meaning Distributary No.3 on Left Bank of Nasrat Branch. 

Minors.-A minor is any Government channel carrying less than 50 cusecs. 
It may titke off the Main Canal, a branch or a distributary. These are num
bered serially from the head of each separate channel from which they titke off 
and are denoted on the plans thus !.\)~' meaning Minor No.1 on the Right 
Bank of Main Canal. 

Watercourses.-A watercourse is a channel owned by the Zamindars for 
supply to their lands. It may take off from a minor, a distributary or a small 
b~anch. These will be similarly numbered serially on each distributary or 
nunor. 

Canal Ban'ks.-These are the artificial banks formed of consolidated earth
work, made to contain the F. S. L. of their chil.nnels. 

Spoil Banks.-l'hese are banks roughly formed from the surplus excava
tion of canals, not required for canal banks. They are not consolidated, and 
may be of any economical height. 

Inspection paths and Service Roads.-These are made along the natural or 
silted berms or on the top of the banks of the channels and are intended for 
canal establishment only. They are not designed to serve as lines of commu
nication for the district. 
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SECTION; VII .. 

Alignment and de~ign of Canals and Drains. 

56. The following are the office instructions I issued for the design of canals :

(1) Align canal~ and dis.tributaries on. the contoured pl~ns, to run on 
ridges as far as possIble, the line selected bemg generally the highest and flat
test line on the country. 

(2) Decide drainage lines, or artificial boundaries, between commands 
of all branches and distributaries. 

(3) Take out by.planimeter the gross area of each separate command 
thus defined. 

(4) From gross area, by methods approved, obtain the areas of kharif and 
rabi cultivation. 

(5) Calculate kharif and rabi discharges required at heads of distributaries 
by duties and methods approved. . 

(6) Add absorption losses in each distributary over 200 cusecs at the rate 
derived from approximate curve of absorption losses (obtained from Dr. Sum
mers' Project figures). 

Similarly add absorption losses in each length of branch and main canal. 
By these means obtain approximate total discharge required in each distri-
butary, branch and main canal. . 

(7) For these figures of discharges take out from the discharge curves the 
approximate section and slope of each channel, starting from the lowest distri
butaries then designing the section of the branch or main canal to feed it and 
so on to head of canal, allowances being made for loss of head in regulators. 
Great detail and accuracy are not necessary for this preliminary set of calcula
tions. 

(8) Having decided by these means the sections, slopes, and F. S. Ls. of 
all channels, and having thus obtained the F. S. L. required at the head of the 
main canal, this F. S. L. must now be checked with the F. S. L. which can be 
provided bv the Barrage, viz., R.L. 193'0 (or otherwise, vide Report) at canal 
head (doWIistream side of regulator). If the ~'. S. L. found by 1 to 7 is higher 
than that to be given by the Barrage, ~he whole operation must be repeated 
to modify the level to suit that available. 

(9) If the required F. S. L. as per steps 1 to 7 proves to be the same as 
or lower than that available from the Barrage, then the whole canal system 
can now be checked accurately, exact sections being calculated for all distri
butal'ies, branches and main canal, the wetted perimeters being calculated 
(for all channels carrying 200 cusecs or more), and the absorption losses at 8 
cusecs per million square feet added. This will be the final project design of 
the channels. 

(10) Plot longitudinal sections of all canals, branches and distributaries 
and where land to be commanded by watercourses is flatter than the ground 
line of the distributary, plot such lines also. . 

(11) (a) The F. S. L. must not be less than 1 foot above the highest 
point of ground level anywhere along the alignment of the distributary 
(excluding very small high patches). 

(b) At the extreme tail of the distributary, i.e., where it enters the drain, 
the minintum depth must not be less than 6 inches and may be as much more 
as condition (a) necessitates, while the bed level must not be below ground 
level. 

(e) The above conditions must be combined with a F. S. L. at the head of 
the distributary, which will give a resulting surface slope in the distributary, 
which is not less steep than the slope in the branch from which the 
distributary takes off. This is not a ~ine qua non, but it is generally a 
desirable result. Where necessary it need not be worked to, provided that 
every channel has a non-silting velocity. 
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(12) For arriving at the first approximate F.S.L. of distributaries, after 
complying with conditions 11 (a) and (b) the surface slopes may be taken 
roughly for trial, to be not less steep than the followiug :-
For distributaries of-

50 cusecs or less, minimum slope 1 ill 7,000 
100 

" " " " " 1 ill 8,000 
200 

" " " " " 
I ill 9,000 

500 ,. " more " " I in 10,000 

(13) In all canals, branches, and distributaries if the surface slope changes 
in different lengths of the same channel it must invariably become steeper 
towards the tail, and never be flatter than in a length above it. 
57. The following further rules were issued 'for guidance in design. 

(a) The value of ' N ' in Kutter's formula should be taken as . 020 for all 
channels of more than 200 cusecs discharge and as '0225 for all channels 
carrying less than 200 cusecs, 1!ide paragraph 62 of Inspector General of 
Irrigation's Note dated 29th January 1907 (Appendix K, Volume 6, 1909 
Report). 

(b). Design of channels.-The maximum velocity (mean) in any channel must 
not exceed 3' 26 feet per second, which may be taken as the average velocity 
at which scour commences in Sind soils, 1!ide Inspector General of Irrigation's 
Note dated 29th January 1907, para. 62 (Appendix K, Volume 6 of 1909 
Reports). 

(e) The critical non-silting velocity for all channels may be taken all 
. 75 times those given by Kennedy's formula for, Punjab Canals, vide para. 21 
of Inspector General of Irrigation's Note dated 17th February 1908 (Appendix 
K, Volume 6 of 1909 Reports). As the critical non-silting velocity for a depth 
of 13 feet by this rule is 3' 26 feet per second, no channel may be more than 
13 feet deep. 

(d) In designing all channels, the section must be selected to give a 
velocity not less than the critical- norr"siltingvelocity for the depth ~f water 
used in the section. ' 

, ' (e) For any section of less depth than 13 feet, the critical non-silting 
velocity will be lower than the limiting non-scouring velocity. Any channel 
may be designed fora velocity anywhere intermediate between the non-silting 
and non-scouring velocity, and whenever possible it will be an advantage 
to de~ign for 8; vel?city, with ~ supply, somewh~t highe~ than the non-silting 
velOCIty. This will usually grve a more economIcal sectIOn, and also allows 
for a drop in velocity (and thereby a reduction of discharge, should this be 
necessary at any season) without inducing silting. 

. . . . . 

(j) V\'nere, at a cross regulator on a canal, it is desired to reduce the depth 
of water below the regulator, while maintaining the same surface level as above 
the ~egulatot, th~ reduction from the normal depth of canal up-stream may be 
obtamed by making the bed of canal up-stream of regulator level, i.e., without 
gradient, for a sufficient distance to give the reduction of depth. In order to 
~et the required normal discharge in the shallowed section the width must be 
mcreased, so that at every point the velocity will be not less than the critical 
non-silting velocity for the depth at that point, and so that the resulting 
discharge shall be the normal canal discharge. 

At no place should the canal bed be brought up in a step, as this 
,would obstruct the steady flow of the lowest silt laden water. 

'. (g) The sill level of any branch canal (or distributary) must be not 
higher than the bed level of the channel from which it takes off. If the bed level 
of the branch has to be .higher than th~t of the main channel,. a sloping floor 
should be made from sill level (at mam channel bed level) to the required 
bed level of the branch, while the opening of the sluice for the branch should 
be of .the sub~erged type; desig~~d to pa;;s the required discharge at a velocity 
su:fficientl:r high to ensure the rISIng slopmg floor to bed of branch, being kept 
clear of Slit . 
.. 1135-6 
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(h) In calculating the canal sections it should be assumed that the side 
slopes of the canal are at! to 1, as this is the slope to which they will eventually 
silt. But in estimating earthwork, these side slopes will be calculated as 1 
to 1, to which they will probably need to be excavated. 

(i) Where F.S.L. or bed level is above natural ground level, it will be neces
sary to assist the berms or bed to silt up to the desired levels. For this 
purpose brushwood and stake groynes will be provided at every 500 feet in
terval, and masonry profiles at every 4,000 feet. ·Where F.S.L. is more than 
4 feet above ground level the groynes will be double ones, and where less they 
will be single. 

SECTION VIII. 

Design of Banks and Berms. 

58. The following table shows the general dimensions of canal banks, which are 
incorporated in the type designs for various depths, included in the project plans :-

-

I Top width of 

Berm outside 
Free-board ba.nks giving Minimum width 

Channels. (Top of Bank vertical cover of final silted ! side banks. above F.S.L.) above 4 to 1 berm l' 
line of above F.S.L. , 

M a;n Canal and ';'Q/ncheJJ tJbOl~e-
! 
i 

··1 
2,000 cusecs .. .. 8' 3'·0- 4'·0'" 30' 
1,600-2,000 cuseC! .. .. .. 8' 2'·0' 3'·6' 25' 
1,000-1.500 CUS8es .. .. "i 

8' 2'.6' 3' .()' 20' 
750-1,000 cusees · . .. .. ' 8' 

I 
2'·3' 2'·6' 15' 

500-750 cusecs · . .. I 8' 2'·0'" 2'·0' 10' "I 200-DOO CUS8es .. .. .. 8' 2'-0" 1'.0" 10' 
I 

Di '8friiJutariI'8- I 
.. I 60-200 cusees · . .. 5' 2'-0" Nil 7'·8' 

'nora- ..I I below 50 .cU&ees .. .. 3' 2'-0' l\"U 5'·(y 
M 

The following rules are followed in these type designs :-. 
(a) Top width of banks for all channels carrying more than 200 cusecs 

to be 8 feet. For smaller channels as shown in table. 
(b) Free-board of banks varies from 3 feet maximum to 2 feet minimum 

according to size of channel, as shown in table. 

(c) Side slopes on both sides of bank to be I! to ·1, but on the outer side 
is added a sloping berm of 4 to 1 slope where necessary, to bring the 4 to 1 
sat.uration line, drawn from the point where the F.S.L. meets the inner slope 
of bank, within this extended berm, with such vertical cover as shown in the 
table above. This vertical cover varies according to the size and importance 
Qf the channel from a maximum of 4 feet for the largest canals to a minimum 
of 1 foot for the smallest Branch of 200 Cjlsecs capacity. For distributaries 
carrying less than 200 cusecs and all smaller channels, the 4 to 1 saturation line 
is kept just within the outer toe of bank, no vertical cover being considered 
necessary for these smaller channels. ' 

(d) The width of t.he berm at F.S.L. is kept equal to twice the height of 
the F.S.L. above ground level (with the minimum widths shown in table above), 
this width being measured from the edge of the final canal section (with! to 1 
side slopes) to the inner slope of the bank at F.S.L. When the berm is made 
of this width, a line drawn at a slope of 6 to 1 from F.S.L. at the edge of 
the final canal will meet at ground level the 4 to 1 saturation line, drawn from 
F.S.L. on inner slope of bank, thus giving always, for the final section, the 
vertical cover shown in above table, above the 6 to 1 saturation line. 

When the minimum width of berm, as per table, is greater than that given 
by above rules, the 6 to 1 line falls further inside the bank, thus giving still 
greater cover than that laid down in the table. 



(e) BUf"fOW pita.-Where the quantity of earthwork in the banks is not 
greater than the excavation to form the canal section, the banks will be formed 
entirely from the excavation spoil, but where the quantity of bank·work is 
greater than canal excavation the balance will be obtained from borrow pits. 
Wherever possible and economical, these borrow pits will be made in the bed 
of canal. In order, however, to prevent their increasing the virtual section 
of the canal, and to induce them to silt up, the pits will not be made continuous, 
but each pit will be 90 feet long, with a solid bar of soil 10 feet wide between 
each two pits .. A narrower bar, say, 2 or 3 feet wide between pits would be 
sufficient theoretically and would reduce the depth (by increasing the length) 
of the borrow pits but such a bar is liable to be trodden down or broken by 
the water when canal is first opened and hence does not serve its purpose. 
With the wide bars provided it is believed there will be no trouble in these 
respects and that silting will readily occur in the pits. Even if it does not 
do so, however, there will be a 10 feet wide profile at every 100 feet interval, 
80 that the canal' section is fixed. The depth of SU~ll borrow pits hoo been 
limited to 5 feet and the width kept 10 feet less than canal bed width, thtlS 
leaving a 5-feet berm at bed level along both sides of canal. 

(f) Where this will not provide sufficient earth for the banks, the balance 
is obtained from other borrow pits, limited to a depth of one foot, made in 
private land beyond the limits of land to be acquired. The Commissioner in 
Sind's Order permits Government to make borrow pits not exceeding 
one foot deep in private land, without paying compensation, as such pits 
do no harm to the land, and usually the Zamindars have no objection. 

SECTION IX. 
Spoil Banks. 

59. (a) Where the area of canal-cutting is greater than the area of the 
two canal banks, the balance of .the excavated soil will be deposited behind the 
banks, in the form of a spoil bank. ' 

Taking each foot of lift as equivalent to 12 feet of lead, it is found that the 
height of spoil bank to give the minimum average lead is given by the formula 

H = II A where H = height of spoil bank, A = area of spoil bank, 12 = 
~ 12 . 

equivalent lead for 1 foot lift : and from above formula the mean width of spoil bank 

must be JI2A, since mean width X mean height = area; or J12A X ,J~ = A . 

. 
This formula does not take into account the saving in cost of land which could 

he effected by making the height greater and width less, but it is found by trial 
that the saving in cost of the land has hardly any effect, unless the land be very 
expensive, say, above Rs. 600 per acre. 

,(b) The above rule for mean width and height ofspoil bank has, therefore, been 
adopted .. The spoil banks have been kept at such a distance from the canal banks 
as to allow for a 6-feet berm at canal bank level and a gutter 1 foot deep, 3 feet bed 
wiq.th and q feet top width between the canal bank and the berm of spoil bank. 

(c) Adopting these rules, type sections have been drawn to suit each canal 
system, for various bed widths and depths of cutting. . 

From these sections the mean total lead is found by taking out graphically 
the centres of gravity of the cutting and the bank-work and spoil, and scaling the 
distances between them; each foot of vertical distance between the centres of gravity 
being multiplied by 12 to give equivalent lead, and added to the horizontal 
distance. . 
. As the rates for earthwork are varied only for each 50 feet of lead, this method 
gives quite sufficiently accurate results, and is very simple. The bed . widths 
and depths for the type sections have been so selected that intermediate values will 
not make a difference of mean lead greater than 50 feet, which is the minimum 
difference affecting the rate. 
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SECTION X. 

Obtaining the cheapesi section for Canals. 

60. In lengths of canal situated below a fall regulator, the F.S.L. required 
to command the land by flow and the surface slope selected detennine the lowest 
bed level of canal necessary. But in many cases this bed level and F.S.L. neces
sitate much cutting for the canal section, and it is often cheaper to raise canal bed 
and F.S.L. higher than required for command purposes. The cheapest position 
for .the bed at any point is when the depth of cutting is such that the quantity of 
excavation is equal to the quantity of earthwork required for the banks. This 
depth is known as the " Balancing Depth" and is measured below ground level. 
The usual practice is to decide on a bed level and to measure above this the balanc
ing depth, giving an imaginery ground line, the bed level being so fixed as to keep 
this imaginary ground line as near to actual average ground line as possible. If 
the ground were regular this would give an approximate result but as ground is 
very uneven this is a very rough and inaccurate method. 

61. In the projects now submitted a more accurate but quite simple method 
has been adopted. 

,The surface slope, bed width and Full Supply Depth of the channel having 
been decided,there is only one "Balancing Depth" for this channel to give area 
of cutting equal to area of bankwork. 

Hence if t~ balancing depth is measured above the proposed bed line at any 
section, the point thus given should correspond with the ground line. . 

62. A balancing depth line is therefore marked on the longitudinal section 
of the canal alignment parallel with the bed, and the two lines together then raised 
or lowered to bring the balancing depth line to touch the actual ground line at as 
many points as possible. 

This gives the approximate economical section. Then the actual depth of 
cutting at every 4,000 feet point of the section is scaled off to the nearest half foot 
and the quantities of bank-work and excavation are calculated. (The bank-work 
quantities for the actual height of F.S.L. above ground level can pe read off the 
type sections straight away.) . . 

63. Now at first sight it would appear that if the total quantity of excavation 
in a given length of canal were just equal to the total quantity of bank-work, this 
would be most economical position for the bed. This is, however, a fallacy for the 
following reasons. . 

64. Assume that at a given point in the length being considered say at Mile 5, 
the quantity of bank-work is much greater than the quantity of excavation, while 
at Mile 6 the reverse is the case. Then if the totals of excavation and bank-work 
at these two points are equal it might appear that this is the most economical 
arrangement. But the surplns excavation at Mile 6 cannot be carried to Mile 5 
to make good the extra earth required there, over and above the excavation at 
Mile 5, to form the bank at Mile 5. 

65. Hence at every point calculated, eilher bank-work or excavation is con
sidered according to which is the greater, the lesser quantity being neglected. 

Then for the whole reach considered the totals of these greater quantities 
are taken giving a total of bank-work and of excavation for the whole reach. 

66. If the trial position choRen for the bed was the most -economical one 
possible, then these totals give the minimum possible quantities .. To check this 
all quantities are again calculated for two different positions of the bed, w.:

(a) 6" above the first trial position. 
(b) 6" below the first trial position. 

Again the totals of bank-work or excavation of each section, whichever is 
greater, ue taken out and compared with those obtained by the first trial. 

67. Whichever of the total quantities obtained by trials (a) or (b) is fOlmd 
to be less than those obtained by the first trial, indicates that the bed should be 
either raised or lowered and by inspection it can he seen .whether further.raising 
or lowering (and by how much) will give the most economical position .. 
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The final position is thus fo~d and adopted and final quantities calculated 
for every reach of the canal, i.e., between aU points of off-take. 

68. The operation is not 80 lengthy as it sounds, and it results in very great 
economy. The clO8er the intervals at which the sections are calculated, the more 
accurate will be the estimate, but it has been found by actual calculation that 
for a given position of the bed the quantities come to practically the same (difference 
·03 per cent.) whetller the sections are taken by actual ground levels at 500 feet 
intervals or at 4,000 feet intervals. But this position of the bed, although the most 
economical when calculating by 4,000 feet intervals, may not be the most economical 
possible, and by repeating the above procedure but calculating at 500 feet intervals, 
it is possible that a more economical position of the bed might be found. This 
can be done, after all canal alignments are set out on the ground and levelled. 
It may give a saving on the estimates now submitted. 

SECTION Xi. 

Width of land acquired. 

69. AB the silted berms will eventUally be used as service roads or inspection 
paths and at the opening of canals the top of bank will be used for this purpose, 
no provision is. made for service roads outside the canal banks. The districts are 
moderately well served by country cart tracks and if further roads are required. 
these should be made out of District or Provincial nmds. It is not a nmQtion ot 
an irrigation project to provide roads for developing the country. Ouly a narrow 
strip of vacant land is acquired outside the banks, the total width being kept to
an even multiple of 33 feet, as this facilitates the revenue survey greatly, these 
surveys being made always with the Gunter's chain of 33 feet. 

SECTION XII. 

Defining boundaries of Government Land • 

• 70. The boundaries of the acquired land are everywhere defined by a small 
earthen bank, the contents of which are obtained from the excavation of a small 
drain on the inner side of the bank. 

The small bank will prevent cultivators continuing their ploughing into the 
Government limits and the small drain will not only act as such, Lut forms the 
most difficult method of marking to obliterate. 

On the main canals, above 2,000 cllSecs discharge, the dimensions of the bank 
are 2 feet top width, 4 feet bed width and 1 foot height, while the drain has the same 
dimensions reversed. There is a small berm 2 feet wide between bank and drain 
so that the boundary of the Government land is always 8 feet from the centreo 
of drain. In addition to these marks, boundary stonp.s are fixed on the boundary' 
line at intervals of 1,000 feet on both banks. For smaller channels the dimensions: 
of bank and drain are slightly reduced, but houndary stones are fixed ,at similar· 
intervals. 

SECTION XIII. 

Drainage Channels. 

71. All natural valleys and drainage lines have been mark~d on the I" Topo
sheets in continuous green lines. In all cases these lines are left unobstructed 
and form the boundaries of irrigation of the .distributaries, etc., on either side of 
them. Where it is necessary to carry the <,lanai across drainage line, this is done 
either in a syphon, or an acqueduct, so, as not to interfere with drainage. Where 
no natural drainage line exists.as a convenient boundary for irrigation from any 
particular branch or distributary a suitable irrigation boundary is marked in dotted 
green on the Topo sheets, but no drain. is excavated along such line. If found 
necessary, they could be cut afterward!!. but they are unlikely. to be needed. 

72. All natural dr~s separating the comman.ds of ~ain canals ~nd principal 
branches are called Mam Drams. All natural dramage lines separatmg the com" 
mands of distributaries snd minors are called Branch Drains. 

If 811311-7 



26 

. 73. It be~ essential to keep the drainage lines open and unobstructed, 
land will be acqUITed along all these. 

" On Main Drains a strip of land 99 feet wide, giving 12 acres per mile, is acquired 
and on Branch Drains a strip 49! feet wide giving 6 acres per mile is acquired. 

" 74. In many places the drains follow existing depressions, but may be blocked 
by ridges in places, and need some grading. Provision is therefore made for excavat
ing along all drains a " directing channel" the depth of which will be varied to 
give amore or less steady gradient. 

The provision made for this directing channel is for excavation 25 feet wide 
:and average depth 4 feet along all Main Drains, and 15 feet wide and 3 feet deep 
.along all Branch Drains. 

75. Where Main or Branch Drains are crossed by important roads, provision 
is made for paved dropped causeways across the drains. Bridges are not necessary 
as there will be very little flow otwater in these channels for most of the year. 

76. (a) In the Right Bank C!1nal Systems, all drainage ~~ eventually tail 
into the Muncher Lake, and thence by the proposed great dram mto the Indus at 
"Sehwan. . 

(b) On the Rohri Canal System all Branch Drains run into Main Drains, and 
there are 8 of the latter, of these five drain into the Indus, two into the Dhoro 
Puran and thence to the sea and one into the Fuleli Canal (which also tails into 
Dhoro Puran). 

(c) On the Eastern Nara System all drains flow into the Dhoro Puran, and 
thence to the sea. 

77. Wherever the highest flood level in the river is greater than the ground 
level at the tail of a drain, a regulator is provided on the latter to prevent such high 
floods from flowing back into the drain. In such cases the drain could only work 
.or empty itself after the river had fallen slightly. 

SECTION XIV. 

Escapes. 

78. At a few places along the main canal where a large quantity of water 
is abstracted by an important branch, or branches, taking off above a croS!! regulator, 
it is very desirable, if possible, to make an escape from above the regulator on the 
main canal. 

Then in the event of a serious breach in the main canal or of heavy rainfall 
below this regulator, it is possible to close the regulator, but still keep the main 
canal and the branches above the regulator working. 

It is not necessary to make the capacity of the escape equal to that of the 
main canal below the regulator, since on the occurrence of such a breach, the head 
regulator of the canal should be at once manipulated to considerable reduce the 
supply in the canal, and all intermediate regulators should be manipulated to 
maintain F. S. L. on their upstream sides, with the reduced discharge. 

79. But even supposing the regulator next above the escape, were almost 
'Completely closed, the closing of the regulator just below the escape would tend to 
head up the water and create a flatter slope, and a reservoir capacity in the canal 
above it. 

It is to reduce this heading up and to take off the accumulated water, that 
the escape is first needed. Thereafter when normal F. S. L. is restored, the escape 
may carry off a sufficient proportion of the discharge otherwise flowing past the 
main canal c.ross regulator, to maintain, with the discharges of the branches, a 
moderate velocity in the main canal above this point, and thus prevent undue 
silting until the breach is repaired, and normal" working conditions restored 
throughout the canal. 

80. Escapes have accordingly been designed on all canal systems at suitable 
points, where possible, to pass a discharge varying from one-half to one-third of 
the discharge of the main canal below the point at which the escape takes off_ 
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81. On the Rohri Canal System three escapes are provided. These all drain 
into the Indus and can work with F. S. L. in the canals and Highest Flood Level 
.in the river. 

82. On the Right Bank there are three systems of canals :-

(a) North-Western Perennial Canal System.-On this two escapes are 
provided from main canal and one from the Khirtar Branch. AB the canal 
flows directly away from the river none of the escapes can be made direct 
into the river. They are all made to discharge into one or other of the drainage 
lines described in Section XI above, through which the water finds it& way 
to the Munchar Lake and thence to the River. If the suggested containing 
banks for the Munchar Lake are constructed, the water can accumulate harm
lessly therein and be drained into the river, whenever the relative levels of 
Lake and River permit. 

(b) SO'Idh-Eastern Perennial System.-On this system three escapes are -
provided from the main canal, and one from the J ohi Branch. All three 
of the main canal escapes drain into the river and two of them can work with 
Highest Fl~od Level in the River and F. S. L. in canal. The third can work 
when the river is about one foot below H. F. L. 

The escape from the Johi Branch drains into the main Western Nara 
Valley abd thence to the Munchar Lake. 

(e) The Central Rice Canal.-Two escapes, both into the Indus, are pro
vided on this system. One can work with F. S. L. in Canal and H. F. L. 
in river, but the other can only work when the river is about 6 feet below its 
Highest Flood Level. ' It would be generally workable only during the rabi 
season or at the beginning, and end of kharif season. 

83. The Eastern Nara System.-Two escapes already e,x:ist on the Jamrao 
System and these drain into the Dhoro Puran. Two escapes are provided for' 
the Mithrao Canal, and one for the Kipro Canal, all these draining into Dhoro 
Puran, and thence to the sea. 

, SECTION 4V, 

Plantations. 

84. Avenues.-Provision is made on all canal systems for planting avenues 
of trees along the canal berms. 

Two rows of trees will be planted on each berm of a~ ~hannels carrying 2,000 
cusecs or more. On these channels the berms have a IDJDlmum width of 30 feet 
and one row of trees will be close to the inner toe of the canal bank, and one row 
about 10 feet from edge of canal. 

On all branch canals carrying between 2,000 and 200 cusecs a single row of 
trees is provided on each berm. . 

85. Broadcast Plantations.-On all canals it will be necessary to have stakes 
for repairing breaches, etc., and firewood for the local establishment. This will 
be obtained by sowing broadcast the seeq of babul, etc., on the tops of spoil banks 
o~ aU canals and branches .. :rhe ~ width of these varies according to ground level, 
,Size of canal, etc., but proVlSlon IS made for an average of 5 acres per mile, which 
is equivalent to a, continuous strip about 20 feet wide, on each side of canal. This 
should be ample for all requirements, and will probably yield a balance for sale 
at considerable profit to Government, but no credit is taken for such. ' 

86. Garckns at Inspection Bungalows.-Lump sum provision is made for 
laying out vegetable and flower gardens at all inspection bungalows on all canals. 
,A sum of Rs. 1,000 is made for a garden at a first class bungalow and Rs. 300 for 
that at a second class bungalow. These will add greatly to the comfort and ameni
ties of life of the establishment. 
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SECTION XVI. 

Mile stones, distance marks, bed level stones and discharge sites. 

87. Mile stones.-These will be fixed on canal berm on one side of the channel 
vnly. Each stone will have the mileage cut on two opposite faces so as to be read
able from either side of canal. They are provided at liberal rates on all channels 
carrying more thap. 200 cusecs. ' 

88. Distance malTkis.-. These will be stones set at every 1,000 feet on the berm 
on the opposite side of channel to the mile stones. They will similarly have the 
chainage cut on two opposite faces so as to be readable from either bank, and are 
provided on all Government channels of whatever size. 

89. Bed levelstone$.-These will be stones about 1'-6" by 6" by 6" set verti
cally in canal with their tops flush with designed bed level. They will be set at 
every 500 feet in all canals, branches and distributaries. 

90. Discharge siJ.es.-Specially prepared sections will be provided at the heads 
of all canals and branches and at the downstream side of the cross regulators of 
canals, where important branches take off, for the measurement of the discharge 
passing through the section. 

These discharge sections will be 100 feet long and will be constructed with 
masonry profiles of designed canal section, at each end, and the space between 
p~ofiles will be paved on bed ll:nd ~ides to correct section, .with 6" brick on ed~e. 
laid on 6'" broken ballast. This will ensure a steady velOCIty through the sectIOn 
and will obviate the necessity of measuring the section by soundings, as the true 
bed level and width will be recorded, and from the water level the exact sectional 
area and depth at each point can be calculated. It 'will only be necessary to mea
sure the velocity by rods at each division of the width desired. 

Arrangements will be provided for stretching measuring wires across each 
end of the section with hanging tags to mark the distances. ' 

SECTION XVII. 

Masonry works. 

91. For project estimating it is neither necel'lsary nor possible to give detailed 
working drawings of every masonry work separately. . 

Such working plans will be required for every separate work before construction 
is started, but before these plans are made it will be necessary to set out, on the 
ground, all canal alignments and to take trial pits at the site of each masonry work. 
This has not yet been done, but when the information is available the plans of each 
work will be prepared to suit the exact conditions, and it is probable that the foun~ 
dations of regulators, etc., will be varied according to the nature of the soil. . 

92. In the absence of such detailed information it is necessary to estimate 
for all works being constl'1l:cted ~der the worst possible conditions. A:JJ-Y modi- ' 
fications in the final deSigns will then result in savings.. For simplicity and 
economy it is desirable to adopt, as far as possible, type designs for works of one 
nature. . 

93. In t~ese projects, aU ,regulators,. road-brid~es, faI~s and fall. regulators 
have. been estimated from certam type deSigns subnutted Wlththe proJects. For 
syphons an acqueducts tI,le numbers were so limited and the conditions 'of each 
so different that type deSigns were useless, and each work of these classes has been 
designed and estimated in detail. 

94. For Regulators, Road-bridges, Falls and Fall-Regulators, of each of which 
there are a great number which could be divided into a few classes, the method 
of estimating has been as follows. 

A Type Design for each kind of work has been worked out in detail for varying 
conditions of depth of water, width of canal, span of opening, etc. The cost of 
these has been estimated and the results plotted as curves. 
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95. The method of plotting these curves and the bases used, will be eJl.-plained 
later in detail under each class of masonry work. From these curves the cost of 
each work of their class, for the designed dimensions of channel at site, was then 
read off and adopted in the estimates. 

SECTION XVIII., 

Buildings. 

· 96. In his 1909 project for the Rohri Canal Dr. Summers worked out detailed 
designs and estimates for all Inspection Bungalows, Subordinates quarters, offices, 
servants quarters, stables, etc. 

In the present project no plans have been prepared, and the estimates for 
buildings are bas~d on plinth areas, usually ~e~ from D~. S~ers' plans, but 
in some cases modified, and these areas are multiplied by sUItable plinth area rates, 
to give total cost of each building. These rates are much higher than those taken 
by Dr. Summers, and allow for the increased cost of construction. 

97. The actual provision for I;ost of inspection bungalows is about double 
the provision made in the ~a:rrag~ Project, Volume I, ~or offir:ers' bU?~alows I!'t 
Sukkur, but the extra prOVISion IS necessary as thesemspectlOn buildings will 
be scattered 'in small units all over the country, so that rates will be higher. Also. 
accommodation cannot be economically arranged in single units as in a big con
centrated station. At Sukkur many amenities are provided separately from cost 
of bungalows, such as water supply, roads, lights, fans, Gymkhana, etc. It is 
considered therefore that the provision for inspection bungalows, etc. is r.easonable. 
They will be detailed under each canal system. . 

SECTION XIX. 

Canal sections-Ratio of bed width to depth. 

97 (i) In designing some of the canals and branches it was necessary to adopt 
the flattest possible surface slope, in order to obtain water at as high a level as 
possible, for command purposes in the lower reaches. 

In the case of canals with comparatively small discharges, when adopting 
these flat slopes, it was necessary to keep the depth of channel small, and the 
width greater, in order to obtain critical non-silting velocities. In no case is a 
canal designed to have less than its critical velocity, but in some cases the resulting. 
channel has a bed width which bears a rather high ratio to its depth. 

97 (it) In a note dated 28th July 1917, Mr. F. W.Woods, Chief Engineer •• 
Irrigation Works, Punjab, discusses this question with reference to Punjab Canals. 

· But it is a fact accepted by Government, that the critical velocity for Sind 
conditions, is much lower than that for the Punjab, and the Inspector General 
of Irrigation's orders allow us to tl).ke '75 of the Punjab critical velocities for Sind 
channels. This difference in critical velocities makes a great change in all the 
deductions drawn in Mr. Woods' paper. 

· In this paper he lays down a table showing ratios of bed widths to depths, 
which may be adopted in the design of Punjab Channels of various sizes; but 
these ratios are admittedly only empirical, and are based upon measurements 
of actual channels, which have been found to work efficiently. They would be 
more convincing were they supported by measurements of other channels,with 
greater ratios, which had been found not to work efficiently. 

But in any case, pwing to the difference in the critical velocity, and the charac
teristics of Sind silt, they do not apply to Sind conditions. 

97 (iii) A very valuable contribution to this eubject is found in Mr. Gebbie's 
Completion Report on the Jamrao Canal,page 70, paragraphs 41 to 44, reproduced 
below:-

.. 41. All the minors have silted to a certain extent and for the first four 
years, this silt was annually removed according to the general practice in Sind; 
but careful observations were taken every year when the minors were 
re-opened after clearance. In every case it was found that within one month 
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after reopening, silt had again accumulated to exactly the same extent as just 
before the clearance was done and that it did not increase appreciably during 
the remainder of the year. As full supply can be put into all minors, even 
when silted, by raising the water in the main canal at the regulators, it was 
decided in 1905 not to clear any minors. In April 1906, there was no more 
silt in the minors than in May 1904. It seems to be clear that the minors 
have been silted to sections suitable to the volume of water they are required 
to discharge and that clearance, in addition to removing the water-tight 
lining formed by the silt, is mere waste of money. In spite of this, orders were 
issued last April that certain minors were to be cleared between the middle 
and end of that month. These orders were carried out and all minors were 
re-opened after clearance not later than May 5th. They. all began' to silt 
immediately and before the middle of June, as much silt had accumulated 
as had just been removed. No one, except the contractors, derived the slight
est benefit from this clearance because. kharif cultivation is not begun till the 
15th of June at the earlieSt. 

"42. As originally excavated, the proportion which the depth of water 
:at head bore to the bed width appears to.have been much too small except in 
the case of four of the minors. The following table shows the designed depths 
.of water and bed widths at head of the principal minors and the .present 
.silted and apparently stable sections. It will be seen that, as designed, the 
proportion of depth to bed width in the majority of minors was not greater 
than 1 to 1.5, while in the silted sections this proportion is, with one excep. 
tion, not less than 1 to 3 . 

. ,,' 43 •. 

Designed sections. Actual aectioD.8. 

ProPOrti6i:! MINOR. Proportion . 
.Depth. Bed width. . of depth to bed Depth. Bed width . of depth to bed 

·width. width. 

.4.0 14.0 I b3.6 Jamsabib .. .. 2.8 12.0 I to 4.5 
·A.O 10.0 I to 2.5 Ahmed.bad .. .. 1.9 9.0 lto4.7 
:/ .0 19.0 I to 2.7 Dim .. .. 6-: .23.0 I to 4.4 
.6.H 6.5 I to 1·1 Rawatiani .. .. 3.0 9.0 I to 3.0 
4.6 6.0 I to 1.3 • Rind 2.6 12.0 I to 4.6 .. .. 
·4.5 6.0 I to 1.3 Sinjboro .. .. 2.4 8.0 I to 3.3 
.8.0 9.5 I to 1.2 Daior .. .. 4.4 13.0 I to 3.0 
8,0 9.5 I to 1.2 Patoi .. .. 3.6 .' 14.0 I to.3.9 
.D.O 5.75 I to 1.15 Berani .. .. 1.8 9.0 I to6.0 
.6.0 12.0 I to 2.0 D. Dharoro .. .. 2.2 14.0 I to 6.4 
.6.0 9.5 I to 1.6 Mirpur .. .. 3.5 16.0 1 to 4.6 
-8.0 10.0 ltol.7 Kobu .. .. 6.5 12.0 I to 4.5 
.5.25 7.25 I to 1.4 Sanro .. .. 3.0 14.0 I to 4.6 
06.5 9.0 I to 1.4 Bareji .. .. 2.6 20.0 lto7.7 
.s.0 12.0 I to 1.6 Pura-n .. .. 6.0 18.0 I to 3.0 
-6.0 6.0 I to 1.0 Labko .. .. 2.6 10.0 I to 4.0 
-6.5 10.0 I to 1.5 Dengan .. .. 2.7 24.0 I to 8.8 
-6.0 10.0 ltol.7 Dat"ri .. . .. 4.0 16.0 I to 4.0 
6.6 9.5 I to 1.6 Juriasar .. .. 4.0 12.0 I to 3.0 
4.8 16.0 I to 3.3 Silor .. .. 3.7 14.0 I to 3.8 
4.3 16.6 I to 3.8 Bag; .. .. 3.3 14.0 I to 4.2 
4.1 7.5 I to 1.8 Kapri .. .. 2.5 8.0 l.to 3.2 
4.0 12.0 I to 3.0 L.kb.ki .. .. 3.2 12.0 I to 3.8 
6.7 6.5 ltol.l Bhitaro .. .. 3.4 10.0 I to 4.0 
6.6 5.5 I to 1.0 Daulatpur .. .. 3.2 10.0 I to 3.1 
4.5 5.0 Itol.l Gorchani .. .. 2.5 10.0 I to 4.0 
7.0 9.0 I to 1.3 Digri .. .. 3.6 22.0 I to 6.1 
0.7 8.0 1 to 1.2 Murid .. .. 6.1 10.0 I to 1.64 

"4~. ~he Mru:id minor, is t~e only one in which t~e proportion of depth 
to bed WIdth In the silted sectIon 18 less than 1 to 3. This minor has a bed fall 
of 9" per mile and it also takes off the West Branch in the 42nd mile, i.6./ very 
nearly 100 miles from the canal. There is, t,herefore, probably less silt in the 
water t~an hi~her up ~he canal. This and the steep bed fall will accOlmt for 
the sectu;>n be';IIg so differen~ from those of all th.e minors. The Bareji and 
Dengan, m whICh t:i[.roportion of depth to bed WIdth is very great, have bed 
.f~ of only 4" p~r . e ,!-n~ the Doso Dh~roro, in which the proportion is also 
high, has no cultivation m Its first four milea. " . . 
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97 (iv) The table in paragraph 43 would have been still more interesting and 
useful had the discharges and surface slopes of each minor been given. I have 
()btained these figures for the most, extreme case Dengan Minor in the table. 

It will be seen that this minor had originally a width depth ratio of 1.5 to I and 
a depth of 6.5, while the bed slope was I in 16,000. If the surface slope was parallel 
to bed slope, the discharge of the channel must have been 130 cusecs (now only 
'15 cusecs), while the calculated velocity wasl.45 feet per second, as against 2.08 
feet per second, the Sind critical velocity for 11 depth of 6.5. Hence the channel 
was bound to silt. Silting occurred and the channel had to be widened as shown 
by Mr. Gebbi~, until !he widt~-depth ratio had in~rease? to nearly 9 to I, after which 
it worked satISfactorily, and IS still of the same dimensIOns. 

The channel now carries 75 cusecs With a surface slope of I in 10,560. The 
actual mean velocity is 1.09 feet per second and the Sind critical velocity for its 
depth 2.7" is 1.1 feet per second, so that with this large ratio of width to depth it 
works satisfactorily with a velocity' slightly less than the accepted critical velocity. 

, But this is the minimum width-depth ratio at which this channel will work 
:satisfactorily and there is nothing to show that,if desired, it would not work,' 
satisfactorily with a still higher ratio. 

97 (v) At the head of the Jamrao Canal the bed width is 165 feet and depth 
-only 5 feet, Ot a ratio of 33 to 1. This gives some trouble owing to the difficulty 
()f passing the required discharge over the high bed, and to the high velocity of 
water in the weir approach channel, during the flood season; and this ratio may 
be considered unsuitably high for such a shallow depth. 

97 (vi) Even at the heads of the proposed canals, where the depth is much 
greater, the maximum ratio has been limited to 27 to I, whereas in the Punjab for 
a canal of similar discharge Mr. Woods allows a ratio of about 50 to 1. 

97 (vii) On a few branches of the proposed Right Bank canals it is necessary 
1;0 use as flat slopes as possible, and to gIve a fairly high ratio of bed width to depth, 
especially in a few short reaches above regulators, where depth of canal has to be 
reduced without changing the slopes. 

At all such points the velocity is kept slightly above the critical velocity, 
:so there should be no fear of silting, and in only one case viz., immediately above the 
head of the tail distributary of the Khlrtar Branch, is the ratio unusually high, 
W., 22 to 1. At this place the ratio steadily reduces in a length of 4 miles to the 
normal ratio of the canal viz., 8.4 to 1 for a depth of 4.4 feet; 

, 9.' (viii) The table below shows .the most ~xtreme cases of the Projects now 
.sublIlltted, and from my own practical experlence, and study of the question, 
I have no hesitation in recommending them as reasonable and likely to work 
satisfactorily. It must be remembered that only surface water will be taken from 
the river, and that the velocity in the approach channels to canals at the 
Barrage, will be kept low. 
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97 (ix)- . 
Ratio 

Details of channel, Slope. Depth. Width, Width Di •• Velo, Critical 
Depth, charge. eity. velocity. 

1 2 3 4 6 8 7 8 9 

Kh;rtM Branc1t-

~ reducing in 4 mil .. above regul:&to! e:t length to 1/12,000 3 87 22 274 1'33 1'05-head of tad distn-
butary the normal " 1/12,000 4'4 37 8'4 282 1'83 1'0 

above I to {redUCing in 12,000' I 

No,2 
ragu 8 r length to " 1/12,000 4'7 66 14 674 1'79 1'05-

the normal " 1/12,000 6'6 50'6 9 580 1'94 1'02 

at head of D 3 L-{ret':~~g:.: 12,000' • 
.. 1/13,000 6'7 77'6 13'6 901 1'97 1'04 

Kh. Dr. the normal " 1/13,000 6'4 65 10'1 988 2'08 1'01 

at head of D 2 L-{ret:;: t: 10,000' " 1/13,000 0'4 75'5 n'7 1,065 2'11 1'02. 
Kh. Br. the normal .. 1/13,000 7'0 66 9'0 1,070 2'2 1'01 

K urahah Bf'anW.-

head of tail distri-
butary .. normal " 1/12,000 4'3 41 9'5 306 1'63 1'02-

head of D I L-{redUCing in 8,000' 

Kur. Dr. length to .. 1/12,000 4'7 49 10'4 422 1·74 1'02' 
the normal .. 1/12,000 0'3 41 7'70 425 1'48 1'0 

JoM Bra.nch-

head of D 3 L-I redueing in 12,000' 
1/12,000 4'0 67 12'7 462 1'72 1 '()4!. J, Br, length to' " 

l the normal .. 1/12,000 6'0 41'0 7'0 488 1'86 1'0 

at head Eastern Nare Supply Channel .. 1/16,400 U'O 350 30'9 12,200 2'99 0'99 • 
at head R. B, Rice Canal .. 1/15,500 12'75 291'5 22'8 12,346 3'25 1'01 

at head S, E, Perennial Canal .. 1/13,000 9 70 98 10'0 2,757 2'78 l'O,it , 
at head N, W, Perennial Canal .. 1/10,000 9'0 180'0 17'4 ~.3131 2'67 1'0(1 
at head Robri Canal ., 1/15,600 13 253 19'5 10,992 .3'28 1'00 
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98. All designs for m~onry works, whether typ~ designs or for particulru; 
works, have been prepared by Mr. F. L. Gordon, Executive Engineer, assisted bX 
Mr. W. E. Bushby, Assistant Engineer, under my instructions. " . . . 

I accept full responsibility for the general designs of ~ll works, which ~ere all 
roughly outlined by me, and most of the general features eIthe~ done to my m,struc~ 
tions or elaborated by Mr. Gordon and approved by me. For the details of the 
designs and for all calculations and estimates Mr. Gordon accepts full responsibility, 
the short time at my disposal and the amount of the work to be supervised making 
it impossible for me to check calculations, although by frequent inspections of the 
designs I have been able to suggest many modifications of details. 

99. It is not claimed that the plans represent the very best possible design 
for any particular case, but an endeavour has been made to provide tyPe designs 
which give thorough stability in every respect, combined with reasonable economy. 
permanence and ease of operation. Had more time been available it is probable 
that both Mr. Gordon and I would have been able to make alterations giving better 
Of more economical designs, but the time for. completion has been so. limited by 
Government, that it has been a continuous rush to merely complete all designs 
and estimates. It is hoped, however, that they will be found to be based on sound 
engineering practice and theory, and to be both economical and of good appearance. 

100. In the case of reinforced concrete structures, such as aqueducts and 
syphons, these have been designed by accepted theory to the best of our ability, and 
are believed to provide fairly economical and practicalliesign. The actual disposal 
of the reinforcement is not of great importance from the point o~ view of this project. 
as the estimates are based on a through rate for reinforced concrete. The design~ 
were necessary to obtain the dimensions and quantities approximately needed. 
However, as neither Mr. Gordon, nor myself, is a reinforced concrete expert, it 
is very probable that more experienced designers could redesign the structures to
be more economical. All such modifications should create savings, as in all 
structures our endeavour has been to provide an ample margin of safety. Each 
dass of structure will now be described. 

SECTION II. 

Regulators-Type Designs. 

The pavement and protection of Bed and Sides. 

101. The Hoors of the regulators have been designed like the Hoors of the 
Barrage and the Head Regulators of all canals, by the method given by Bligh in 
Chapter VI of his book " Practical Design of Irrigation Works." 

" H 11311-9 
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102. The hydraulic gradient, or ratio of length of creep to head of water, 
has been taken as 15 to 1, on the assumption that the foundations may be in fine 
sand. If trial pits at any actual site of a regulator show that the soil at foundation 
level will be different, then the final working drawings of that regulator can be 
designed to suit, and any such variation will give a saving on the project estimate. 

103. In the 1909 Project for Rohri Canal, Dr. Summers had at his disposal 
information as to the actual soil at the site of each of his main canal regulators and 
accordingly he designed two types of floors. In one type he' states he adopted a 
hydraulic gradient of 1 in 10 for floors founded on sand and in the other type a 
hydraulic gradient of 1 in 6 for floors founded on clay. (See File No.2-Estimates 
of ReguIatorsand Syphons.-1909 Project.), ' 

104. On his plan No. 47, Volume V, he shows a diagram and calculations for a 
floor designed for 6 to 1 hydraulic gradient, but there are several rather serious 
errors in this design. In the first place Dr. Summers does not design for full cut 
off, i.e., for full water level upstream of gates and canal empty below, whereas 
Government orders are to design for these conditions in every case. Secondly, he 
takes the weight of his floor masonry as having specific gravity 1· 8 or about 112 Ibs. 
per cubic foot, ;Which is its w~ight in air, whereas it should be considered as sub
merged masonry, "in which case its specific gravity is reduced by the weight of 
water it displaces, i.e., to 0·8. 

Thirdly, he calculated as though his impervious floor ends at 57 feet from the 
gates (giving a 6 to 1 hydraulic gradient for 9·5 feet head assumed) at which point 
water should be free to ooze out at bed level with no resistance, whereas he actually 
has an impervious floor extending another 100 feet, giving total length from,gates 
157 feet and an actual hydraulic gradient of 16·5 to 1 for which his floor is far too 
light., ' " ' 

This is one of the very few details of Dr. Summers' Project in which any serious 
error has been found. 

105. (a) A hydraulic gradient of 1 in 15 is necessary for fine sand and has been 
adopted throughout the present projects, in the absence of definite information 
about foundation soils. 

(b) All floors are designed for full cut off, i.e., F. S. L. in canal upstream of 
gates and canal empty downstream of gates. 

(c) The weight of masonry in the floors is taken as 110 Ibs. per cubic foot 
(brickwork in lime) and is treated as submerged in calculating its weight for resist-
ing upward pressure, i.e., its effective weight is 48 Ibs./cft. " 

(d) As much as possible of the total necessary length of impervious floor is 
kept upstream of the gates as this reduces the thickness required, but a minimum 
length of about 50 feet is kept downstream of the gates, which gives about 15 feet 
beyond the end of the easewaters to protect the area covered by eddies around the 
latter. 

(e) Beyond this point it is assumed that protection from all scour can be given 
by a previous flooring of brick pitching, etc. 

(j) Stability diagrams are drawn showing the upward pres..rue at each point 
of the floor and the effective weight of masonry provided to resist it. This weight 
is everywhere not less than 33 per cent. in excess of the upward pressure. 

The thickness of the floor is reduced downstream by steps, as the upward pressure 
is decreased by the resistance of the soil through which the water travels. 

(g) The longitudinal section of the floor is constant under all spans and piers, 
the latter being built on the surface of the floor which will form the foundation for 
the piers. In some cases, however, the floor thickness near the downstream end 
of the piers is less than 4 feet, and in such places the floor is thickened to 4 feet just 
below the pier, to give sufficient foundation bearing the latter. 

(h) Throughout the length of the impervious floor upstream of the gates, the 
sides of the canal are also made impervious by a layer of solid masonry laid at a 
slope of i to 1 while downstream solid masonry wing walls extend to the end of 
the impervious floor. 

(i) In all masonry works it has been made an invariable rule that solid masonry, 
whether on bed or sides, should not adjoin natural soil (at surface level), as the 
latter is certain to be eroded by eddies at the edge of the masonry. 
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In all cases an intervening protection .of loose pitching is provided between the 
end of natural soil and the beginning of solid masonry. This pitching can settle 
into .the slight soour which will occur at its junction with soil, but will protect the 
end of solid masonry . 

. (j) Thus on the upstream side of all regulators provision is made for pitching on 
bed and sides for a l~ngth of 20 feet beyond the end pf the impervious masonry fioor. 

'. (k) ·.on the downstream side of regulators, ]>rotectionagainst scour is provided 
partly by loose concrete blocks laid. on brick ballast and partly by dry brick pitching 

. &!ld ballast ~or such a total length as to bring th~ end of the protection on bed and 
"SIdes to a distance, from the gates,equal to 20 tImes the full head of water. 

(I) In the case of ordinary regulators the length provided by concrete blocks is 
.50 feet, and this consists of blocks 12" deep X Sf X 2' in plan, laid on 12" of brick 
ballast. While beyond this the balance of protection as above consists of dry 
brick pitching . laid 'on brick ballast, and the thickness of both is reduced in steps 
.according to the total length provided, varying from 12" brick on 12" ballast, to S" 
brick on S~ ballast. 

(m) In. the impervious masonry of the main fioor, the top 12" layer consists 
-of 12" bricks set on end in hydraulic lime mortar. 

(n) The clear width of waterway thrc,lUgh regulators is kept the same as the 
normal mean width of waterway of the canal below the regulator. . . . . 

Superstructure. 

106. (a) In all regulators, falls, etc., a district road bridge is combined with 
them, and is formed on brick maSonry arches carried, side by side with the regulator 
8uperstJ.'u.cture, on the same piers. . 

(b) The regulat.or superstructure consists of two separate brick arches with a 
gap of 6 feet clear between them. In this gap will be suspended the gates and 
-counterweights. 

(c) .on the type designs, the gates are in all cases shown as single leaf gates, 
'ilnd the counterweights are designed of double the weight of gates, with half the 
travel of gates. " . 

If it is desired instead to use double tier gates, these and their counterweights 
will be of less thickness than the single ones shown, and the 6 feet gap allows suffi
-cient room for adopting these double gates if desired. 

(d) The gates and counterweights will be supported on pulleys and machinery 
fixed on the top of piers and on girders spanning the gap, in the same way as in 
the design for the Canal Head Regulators. (See Volume I, Part III, Sections 
III, IV and VI!.) . . ' 

(e) All machinery will be worked by hand, and will require very little labour 
and be quick and delicate in operation. 

(j) Provision is made for steel gates fitted with Ashford's Roller Bearing Roller 
Boxes. . 

(g) The counterweights will be made'of reinforced concrete, the cost of which 
8nd of all machinery is included in the through rate of Rs. 45 per square foot of gate. 

. (h) At the top of the Regulator Bridge the 6 feet gap between the two arches 
is spanned by reinforced concrete beams, covered with slab fiooring, while parapet 
walls are built on each outer side of bridge giving a clear working platform 12 feet 
wide between parapets. All machinery is fixed on, and will be operated from, this 
platform or bridge. Access to this is given at one end of the regulator by a stair
case leading up from bank level. 

107. Type Designs on these lines have been prepared 'for Regulators of the 
.following spans :- . 

25 feet clear span--l2 feet depth of water. 
20 feet clear span-13 feet depth of water. 
15 feet clear span-13 depth of water. 
10 feet clear span-13 feet depth of water. 

And for Regulator fioors for total cut off with the fiooring depths of full supply in 
canal, viz., for every even foot of depth from 5 feet to 13 feet depth, i.e., 9 designs. 
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The Estimates. 

108. The type. estimates have been prepared from these designs, for·the 
following :-

(a) One running foot width of each kind,offloor. 

(b) One abutment and all wing walls, approaches and side protection to 
canal down to bed level together with complete half· span of whole superstruc
ture (Regulator bridge and Road bridge). 

(c) One ordinary pier down to floor level together with all superstructure 
for a complete half span on either side of it. 
109. From these type estimates, by selection and combination, it is possible 

to obtain the estimate for any complete regulator of any number of spans, of any 
width, for any head of water required, ~thin the limits of the type designs which 
are sufficient to cover all regulators reqUlred. 

The curves of cost. 

110. To prepare such composite estimates,. however,. even from the. type 
estimates is a fairly lengthy process, and as there IS a great number of regulators a 
curve of ~osts was prepared from certain specific estimates prepared, and. from 
this curve the cost of any required regulator can be read off at once. 

111. From careful investigation of the results obtained from the specific 
estimates it was found that the cost varied almost proportionately with the varia
tion of the area of waterway in the regulator, but that the rate of variation also 
differs according as the area of waterway is given by great or small depths of water. 
To allow for this two separate curves were plotted, one for depths up to 9 feet, 
and the other for depths above 9 feet. 

112. These curves are attached (see plate No. I) and the actual estimated 
costs of specific cases, from which they were prepared, are shown thereon. It 
will be seen that the curves follow the actual cost points very closely, and are there
fore quite sufficiently accurate for project estimates. 

113. The abcissa of the curves is in square feet of waterway and the ordinates 
in rupees of cost. 

In similar curves of cost, used in Ptmjab estimates, the abcissa is in running 
feet of clear waterway, but we find the cost does not vary evenly with this dinIension, 
but with the area of waterway. 

SECTION III. 

Plain Falls and Fall Regulators-Type Designs. 

114. Where a drop is required in'the F. S. L. of any canal a masonry structure 
is required to effect the fall .. This structure may be, either-

(a) a Plain Fall, i.e., a structure in which the waterway is so limited as 
to require a high velocity to pass the discharge of the canal through it, thereby 
using up vertical head and causing a fall in water surface below the structure, 
or 

(b) it may be a Fall Regulator, i.e., a structure in which the waterway is 
sinlllarly restricted,. but with the addition of regulating gates by means of 
which the. waterway can be entirely or partially closed. 

115. Fall RegUlators are only provided at those places, where it may be 
advantageous to completely or partially close the canal in the e\"ent of a breach or 
for other cause requiring a reduction of discharge and water level downstream. 
Such places will be only where a branch or an escape takes off immediately above 
the Fall Regulator. Where a fall in water surface is provided in order to reduce 
height of banks, and there are no chamIels taking off immediately above the fall, 
it would be no advantage to have a regulator at the fall, since the next regulator 
above the fall might equally well be closed, and would not cut off the supply of 
any more branches than would a regulator at the fall itself. 
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Plain Falls. 

116. The method of restricting the waterway through a " Plain Fall .. may 
be efiected in several ways-

(a) By restricting the horizontal width and keeping full upstream depth 
through the Fall. 

(b) By restricting the :vertical depth and keeping full horizontal width. 
(0) By a combination of both methods (a) and (b) using rectangular 

openmgs. 
117. Metho& (b) and (0) have the disadvantage that any obstruction raised 

above the upstream bed of the canal tend to cause silt deposit above the fall. 
Method (a) may be efiected in two ways-

(t) by making rectangular openings of constant width down to bed level; 
(ii) by making V shaped openings or notches having the narrow part of 

opening at upstream bed level. 

The notch method has this advantage, that where the water level in the canal 
upstream is liable to fluctuations, the notch gives a proportionate decrease of level 
and discharge downstream; whereas the restricted rectangular opening for a given 
decrease of level and discharge upstream give a greater than proportionate decrease 
of level anti less than proportionate decrease of discharge downstream. But 
where a fluctuation of F.S.L. in the canal is not likely there is no advantage in 
the notch system, and it is far more expensive. 

118. But for all the canal systems now designed the F.S.L. and discharge 
can be guaranteed all the year round by the Barrage, and this F.S.L. must be 
maintained at all times to command the irrigated areas by flow. Hence it is no 
advantage, nor is there any necessity, to provide notched falls, and all fa.lls are 
therefore designed as rectangular openings . 

. 119. The floor of the openings being kept at upstream canal bed level it is 
necessary to restrict the horizontal width of opening according to the loss of head. 
required and this results in a great shortening of the structure and thel·eby greatly 
reduces the cost. . 

120. In his 1909 Project, Dr. Su=ers made the width between abutments 
of all Falls and Fall Regulators equal to the canal bed-width on the downstream 
side. By the method adopted: in the present projects a very large saving over 
his designs has been efiected, in spite of the new designs providing a much heavier 
pavement (designed for 1 in 15 hydraulic gradient), all masonry rates being 
increased by over 30 per cent. and the weir wall being made of heavier section. 

121. In the case of Plain Falls the cost of revised designs, for any given con
ditions, at revised rates is not more than Dr. Su=ers' original estimates, and in 
the case of Fall Regulators the revised estimates, for given conditions, are 50 
per cent. less than Dr. Summers' estimates, owing to the great saving in cost of 
gates, due to the shortening of the regulator. 

122. At such a Fall Regulator it will be necessary before construction t() 
.design carefully the arrangement of the heads of branches and distributaries 
taking ofi above it, so as to efiect the reduction of width in the most economical 
manner and to give good hydraulic properties to the reducing section. 

As an example of how this can be conveniently done, one of the most compli
cated cases on the Rohri Canal has been drawn out as a type arrangement. This. 
is. shown on Plan No. 17-Rohri Canal (Volume XV). 

123. It is seen that if full provision for the floor and superstructure of the 
Fall Regulator, and for each of the branch or distributary head regulators, is taken 
from the type designs, this allows more than sufficient masonry for the com
bined structure; and hence no extra provision is made in the estinlates for Com
bining them. 

Ru'ie8 adopted for design oj Falls and FaU ReguJ.ator8. 
I'L.uN FALLs. 

124. (a) The floors are designed on the same principles, as those of the 
Regulators. . 

(b) The sill has been kept level with upstream canal bed. 
" 111136-10 
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(c) The·width of clear opening has been designed to give a calculated discharge, 
. adopting O·60 as the coefficient of discharge, of 10 per cent. in excess of the required 
downstream discharge. This 10 per cent. excess is given to allow for possible 
error in coefficients. If, in actual working, it is found that the actual discharge 
is greater than that required, it will be very easy to further restrict the area of water
way either by inserting vertical needles, for which provision could be made at time 
of construction, or by building a low pierced masonry sill on the weir wall of the 
fall. The pierced openings would prevent the accumulation of silt upstream. 
If the fall were built to the exact dimensions estimated to be necessary and the 
calculations were inaccurate, it would be extremely difficult to increase the water
way, but if it is considered that information is sufficiently reliable to design 
accurately, the waterway of the falls can be built at once to estimated size. This 
would effect a saving on the estimates now submitted. 

(d) The weir walls are of ample section designed on Bligh's rules for such walls. 
(e) The top 12" layer of the impervious Hooring consists of 12" bricks laid on. 

<end in cement mortar. 
(J ) No drop tank, below downstream bed level, has been provided below the 

weir wall, as it has been proved both practically and theoretically that this is 
;unnecessary, there being no impact. 

The normal downstream bed level of the canal continues along the Hoor, right 
up to the back of the weir wall. The omission of this tank gives a great saving 
in cost of Hoor, and of piers, and abutments. 

(g) As the velocity of approach upstream increases as the canal section is 
narrowed to the Fall, extra provision has been made for protecting the bed and 
sides of canal. This consists of a length of 50 feet of concrete blocks 12" x 3'-6" 
X 2'-0" laid on 12" brick ballast and beyond this a length of 50 feet of 12" dry 
brick pitching laid on 6" brick ballast and beyond this again 40 feet of 6" brick 
pitching on 3" ballast, giving protection for a total length upstream about 150 
feet from the edge of the Fall. 

(h) On the downstream side the impervious Hoor extends about 15 feet 
-:beyond the end of the Road-bridge piers, at about 40 feet beyond the toe of the 
weir wall, and the masonry wing walls of the abutments extend the same distance. 
Beyond this point concrete blocks laid on 12" ballast extend for 100 feet further, 
on both bed and sides, and beyond this again dry brick pitching on brick ballast, 
for such a distance as to make the total downstream protection, to bed and sides, 
extend to a length equal to 20 times the full supply depth upstream. 

I(S) A District Road Bridge is combined with all Falls. 

125. Type designs for the following Plain Falls are accordingly submitted :-

Four spans of 25' Fall 5' Depth upstream 13' 
Three spans of 20' Fall 4' Depth upstream 12' 

Estimates for these two types are worked out. 

126. In his 1909 Project, Dr. Summers designed in detail a large number of 
notched falls, and detailed estimates for many falls on the Sutlej Valley Project. 
are also available. On analysing these carefully it was found that the cost of a fall 
did not vary merely with the depth of fall, but with depth of fall plus F. S. Depth 
upstream. 

Thus in canal of given width and depth 13 feet, the cost of a 5' Fall does not 

cost ~ times that of a 2' Fall, but !:!: times the latter. The sum of the 

depth and fall may be called the " false depth" and if this is multiplied by the 
clear width of waterway in the fall, it will give the "false area of waterway". In 
plotting curves of cost, therefore. the "false waterway" has been. used as the 
abcissa and cost in rupees as the ordinates. 

127. It was found that for all Plain Falls in the present projects the false 
waterway lay between or near those obtained from the two type estimates, and 
these two therefore gave sufficient length of curve for estimating others required. 
Plate No.2 shows the curves of costs obtained from- ., 

(a) Dr. Summers' estimates. .. ; 
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(b} Sutlej Valley Project Estimates. 
(e) The type designs submitted with present projects. 

FALL REGULATORS. 

128. The design of floors of FaIl Regulators combine the rules for design 
~f ordinary regulators floors and Plain Fall floors, the designed head being taken 
~ F. S. L. upstream of the regulator and no water downstream. 

129. The design of the superstructure is the same as for ordinary regulators, 
except that the piers· are deeper on the downstream side of the weir waIl. 

130. Type designs for the following conditions have beell prepared, but of 
these only the first two are submitted with the fair project :-

Ci) Fan regulator, span 25', depth uls 13/, fall 5' 
(ii) " " " 

20' 
" " 

IS' 
" 

S' 

(iii) " " " 
20' 

" " 
6' 

" 
2' 

(iv) " " " 
25' " " 

IS' 
" 

2' 
(v) " " 

,. 25' 
" " 

7' 
" 

2' 
(vi) " " ,- 15' 

" " 
12' " 

4' 
(vii) 

" " '. 15' 
" " 7"5' " 

2'5' 

131. From each of these designs detailed estimates were prepared for fall 
regulators actually required in the projects. These points are plotted in a curve 
of costs shown on Plate No.3. . 

In this case it was found that cost follows very closely the" false waterway" 
obtained by multiplying the clear width of opening of the regulator by the sum of 

. depth of F. S. upstream and drop in canal bed. These false waterways are plotted 
as abcissa and the cost in rupees as the ordinates of the curve. 

132. The cost of all fall regulators in the present projects has been read from 
these curves. 

SE<ITJON IV. 

Road Bridges-Type Designs. 

133. Only two types of road bridges are adopted, viz. :-
(a) District road bridge, width between parapets 18 feet, and between 

wheel guards, i.e., clear roadway 16 feet. 
(b) Village road bridge, width between parapets 10 feet, and between 

wheel guards 8 feet, i.e., clear roadway. 
134. All bridges are designed with brick masonry arches, of varyillg spans, 

to suit the various sized channels they have to bridge . 
. In wide channels large span arches will generally be used, so that pier obstruc

tion in the canal may be reduced as much as possible. A span of 25 feet is an 
economical one, and easy to construct. 

135. The following rules have been observed in designing :-

(a) Springing level of arches to be kept 1 foot above F. S. L., of canal. 
This allows for a possible raising of the F. S. L., should this ever prove 
neCessary. 

(b) The rise of arches is in all cases 5 feet, giving a total clearance of 6 
feet between F. S. L. and soffit. 

(e) All parapet walls are 3 feet high above road leve1, and are provided 
on the inside with a continuous kerb, or wheel guard, 1 foot wide. 

(d) The width between the abutments will be kept, as n('.a.rly as possible, 
the same as canal bed width. The obstruction' caused by pier~, etc., is 
counterbalanced by increasing the depth through the bridge, so that the total 
area of waterway shall be the same as in the canal. This is done by 
lowering the cana.l bed between the piers. 



· In the type designs this lowering is shown as 18 inches, but each bridge will 
be calculated separately to suit its conditions and the lowering varied between 
one foot and two feet, so as to give a mean velocity, through bridge, not less 
than the critical non-silting velocity for its depth. With the eddies created 
by cut-waters the bed under the bridge is not likely to silt. 

, (e) The bed between piers is paved with 6 inches brick on edge in lime 
mortar, laid on 6 inches concrete and a head wall is provided upstream and 
downstream at the ends of piers and drop. The bed and sides of canal for 
a length of 20 feet upstream and down.stream of bridge are protected with 
3 inches dry brick pitching on 3 inches bnck ballast. 

(f) Curved return walls are carried into the banks from the back of the 
abutments and are provided with parapet walls and kerbs at road level. 

(g) Short masonry wing walls are made upstream and downstream of 
abutments to run the side slope of canals into the vertical face of abutments. 

Ch) Small paved ponds with steps are formed in the berms on both sides 
to a depth of two feet below F. S. L., from which the villagers and passers-by 
may obtain drinking water without damaging the canal sides. ' 

Ci) The foundations of the piers are carried 4 feet below the paved bed 
level between them, and are given 3 offsets of 6 inches each on each side of 
pier to increase base width of fOlmds to 3 inches more than that of the pier. 
The load on piers and foundation soil are kept very low. 

Cj) The canal banks are raised to meet the road bridge level by gr~ients 
of 1 in 30 on each side of bridge. 

(k) The District road approaches the bridge on either side by an embank
,ment with a gradient of 1 in 50, and top width of 16 feet. 
136. Village Road Bridges are of exactly the same design and dimensions 

as District Bridges except that the width of bridge is decreased by 8 feet. 

137. Type designs have been prepared for District Road Bridges having 25 
feet span, 20 feet span, 15 feet span and 10 feet span. . 

From these type designs, type estimates have been prepared for-
Ca) The cost of an abutment and approaches with all side and bed protec

tion and superstructure for half a span on one side. 

Cb) The cost of one pier with half a span on either side, including all bed 
protection, foundations and superstructure, 

138. From these type estimates particular cases were estimated for various 
bridges, and these were plotted on a curve, using clear waterway through bridge 
as the abcissa and cost as ordinates. A similar curve was plotted from the estimates 
prepared by Dr. Su=ers in 1909, and both curves follow similar laws (see Plate 
NO.4). 

139. On comparing the eost of Village Road Bridges with that of District 
Road Bridges for the same channels, it was found that the cost of the former was 
almost exactly three-fourths of the latter. 

The same curve of costs has therefore been used for both types of bridge, the 
cost of any particular case of Village Road Bridge being taken. as three-fourths the 
cost read from curve. 

The waterway through bridge is the same as the waterway in the canal. 

HO. Railway Bridges.-No designs are submitted for bridging the canals 
where railways cross them, but approximate estimates, supplied by the railways 
concerned, according to the particulars of canals sent to them, are included in the 
estimates of works. In the case of one bridge for the North-Western Railway, 
crossing the Johi Branch at R. D. 44,000, the Executive Engineer, Sukkur, has 
delayed 80 long in sending an estimate (not yet received) that this has been 
estimated here a.t most liberal rates. , 

In.the case of the JacQbabad-Larkana Railway, ~o.wunder cons;truction, all 
'bridges at proposed points of cro.ssing by the new ~na.Is, have ,beeD similarly 
estimated here approximately at very liberal rates. 
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SECTION V. 

Syphons~Designs and Estimates • 

. 141. 1\0 type designs were possible for these, and as the number is limited. 
separate desIgns for each have been prepared. 

142. The general principles observed in the designs are as follows :~ 
(a) The barrels of all syphons are made of reinforced cement concrete. 
The concrete will be of I: 2: 4 mixture the aggregate consisting of good 

broken ~tone ballast, or good shingle, if available. . 

Working stress of steel iD. tension is taken as .. 16,000 Ibs/iI)2 
Working stress of concrete in compression as 600 Ibs/in2 

(b) Syphons are designed to withstand the upward pressure due tQ water
standing at H. F. L. (or F. S. L.) on the upstream side ofthe syphon, w~ the 
channel over the syphon is assumed to be just empty. 

(e) To prevent water from creeping from one channl\l to the other. stq.unch 
walls are provided on all sides, and so placed as to form a good junlltiPll with 
the banks of channels. . 

In estimating the length of these walls the" creep factor ,,' or hydraulic 
gradient has been taken as I in IS. although the line of saturation in the banks 
or around is taken as I in 6 only. The difIerence is due to the grea~ cq.se of 
travel between soil and masonry, as compared with that through soil only. 

(d) The inspection path along the berms of the channel crossing the 
syphon, are continued across the syphon, on a ballasted roadway, with parapet 
pn outside, and kerb on canal side. The width of this roadway is made 16 feet 
on large channels and 10 feet on small channels. . 

(e) The side slopes of channel over syphon are made I to 1. and are 
protected with 12 inches brick-on-edge pitching, laid on 18. inches brick: 
ballast. The brick pitching rests on a toe wall of concrete at canal bed 
level, and is finished at the top with· brick in lime masonry, supporting the 
kerb of roadway. . 

(j) The wing walls of the syphon are splayeq outward at 45° to meet the 
top of canal cutting. 

(g) The canal bed and sides at entrance to syphon are protected for 3~ 
feet from head wall by masonry laid on concrete, and for a further 20 feet 
by brick pitching on ballast. 

(h) The sloping floor from canal bed to syphon bed level is made of such 
a gradient that the area of waterway at the head wall (entrance to syphon) is 
equal to the waterway of the canal. 

(i) To each estimate is attached a statement showing the details of 
discharge and velocity through the syphon and principal dimensions of 
the structure. 

(j) The detailed calculations for the structure are not submitted, but are 
filled in the office records. 

SECTION VI. 

Aequeducts-Dasigns and Estimates. 

143. There are only four aqueducta in all. Of these three are constructed 
with flumes of reinforced concrete, and one of brick masonry throughout. 

The reinforced concrete flumes are necessary in these cases, as this form of 
oonstruction requires much less headroom over the stream beneath and ·in these 
three cases there was very little headroom between canal bed level and H. F. L. in: 
the drain. . 

144. The following rules have been adopted in designing:-
(a) Working tension in steel .. . .16,000 Ibs./in2• 

Working compression in concrllte 600 Ibs./inB• 

w B 1130-11 
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(b) Where spare head is available in the canal, it has been utilized to 
increase the slope and velocity in the aqueduct, and thereby reduce the size 
-of latter. The maximum velocity allowed in the concrete flumes is 8 feet 
per second. 

(c) The value of Kutter's" N" has been taken as 0·01 for a smooth cement 
concrete surface. 

(d) 'Where no spare head is available in canal, the area of waterway in 
the flume has been kept the same as that in canal, thereby avoiding any 
change in the surface slope of latter. 

(e) To prevent creep of water below the wing walls of aqueduct, the 
canal bed upstream and downstream of the aqueduct abutments has been 
protected with a floor of impervious masonry. 

This floor extends to such a distance that the 6 to 1 line of saturation 
along the shortest line of creep from its end, will fall inside the extended canal 
banks. 

eJ) The staunch walls, or wing walls, from the back of aqueduct 
abutments, are extended to such a point as to meet the normal canal 
banks. 

(q) The latter are carried round the outside of the wing walls in a curve, 
"leaving a berm outside the abutment at ground level, and these curves form 
guide banks for the flood water passing under the aqueduct. The curved 
portions of banks are pitched to the slope of canal bank to a height of 2 feet 
above estimated H. F. L. in the drain. , 

(h) The side walls of flumes are reinforced and provided with buttresses 
made homogenous with the bottom girders of the flume. 

(i) The top of the side walls is provided with flanges of concrete 3 feet 
wide, having small supporting ribs at intervals of 3'-3". 

These flanges act as compression booms, and also provide footpaths 
across the aqueduct. Reinforced concrete standards are built on the flanges, 
to carry wire rope hand-rails. 

(j) The bottom of flume is designed and reinforced as a continuous floor, 
with added reinforcement to withstand the lateral bursting strains due to the 
pressure on the side walls. 

(k) Free-board of 1 foot is allowed on side walls above F. S. L. of 
canal. 

(1) The bed of the drain under the aqueduct is kept level with the bed of 
the drainage channel, and is protected between the piers, and for a length 10 
feet downstream, with brick masonry 12 inches thick in hydraulic lime mortar, 
laid on 6 inches lime concrete, with curtain wall on either end. 

(m) The foundations of piers are 6 feet wide and 5 feet 6 'inches deep 
below floor level. 

(n) The waterway under the aqueduct has been calculated for varying 
conditions, according as head is available, or not, to give high velocity through 
the bridge, but where plenty of head is available (always less than 1 foot 
affiux) the aqueduct is designed to give the required discharge with a velocity 
not exceeding 6 feet per second. 

145. For the masonry aqueduct there was sufficient head-room between the 
H. F. L. of the stream belo~ i~ (N. E. Valley) and the bed of the canal passing over 
the aqueduct, to allow of building arches to support the canal floor. The side walls 
of the flume are of masonry of sufficient gravity section to be safe under the pressure 
on them. The tops of walls are corbelled out to give a footpath 3 feet wide along 
them. 

146. Detailed estimates for each aqueduct have been prepared from the 
separate designs of each. 

To each estimate is attached a statement showing the leading particulars
the channels crossing, and of the design as calculated. 
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PART IV. 

RATES. 

SECTION I. 

General. 

147. The general basis for calculation of all rates for earthwork and masonry 
works, has been taken as the schedule of rates adopted by Dr. Summers in his 1909 
Project for the Rohri Canal. 

These rates were calculated or ascertained with great care, and were considered 
by Dr. Summers to be about 25 per cent. above the then ruling rates in Sind. 

He considered this margin necessary to allow for rise of rates during the period 
required for sanctioning the project, and fOJ; constructing the works. 

148 •. The Government of Bombay in their letter No. C.E.I.-l dated 17th 
·January 192o-vide Appendix A-have instructed that the earthwork rates for 
the present projects should be taken as 30 per cent. in excess of Dr. Summers' rates, 
while masonry rates should be taken from the schedule of rates att,ached to the 
Barrage (1919) Report, Volume I, Part XIV. This schedule however includes, . 
principally, rates for stone and stone-masonry works, while on the canal systems, 
stone will not be cheaply obtainable, and brick masonry will be used almost every
where. 

149. I have therefore taken Dr. Summers' schedule of rates and added to 
the items such percentages as my enquiries lead me to believe will give liberal 
rates for work. The extra is usually about 30 per cent. 

150. The Government instructions, for cost of steel-work. are to add 100 
per cent. to pre-war rates, for materials requil'ed within the next two years, and 
.50 per cent. to pre-war rates for materials not required for about 8 years. 

151. The tables below give details of all rates, and show the comparison with 
Dr. Summers' 1909 schedules. 

SECTION II. 

Earthwork Rates. 

152. Dr. Summers' method of calculating Tates JOT earthwork-As shown in 
the table below, the rates of earth-work are calculated for leads from 50' to 550' 
allowance being made for every 10 feet in leads from 50' to 100', and of 25 feet in 
leads from 100' to 550'. 

In calculating the rates, the method described in Marryat's Specifications is 
adopted, the cost of carriage being taken as including dressing banks, and the 

. cost of digging only, as 2' 5 rupees. 



Toole for ascertaining the cost oJl/)OO cubic feet of earthwork for .",rWus leads. 

Let L -:- total load = 1.000 cubic feet. 
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d = rotal lead in feet = actual horizontal lead plus 12 into vertical lift. 

X = the proportion of (L) to (I) ; that i~, the number of unit loads or trips of a coaly' 

h 'lib 1,000 t atWl enecessary =5/8" = 16,000. 

Y = the fraction of a working day taken by a coaly to make one trip to (d) and back .. 

Z=wages of a coaly for a working day=8 annas=O'5 Re. 

M = the number of minutes in a working day = 500. 
t = time in minutes taken to load and unload a unit = !. 

S = the average speed in feet per minute of. a coaly = 200. 
T = time in minutes taken by a cooly to make one trip to (d) and back. 

N = the number o~ such trips made in a working day. 

M 

T=~ + t. 
M 2d 

N = T =-8+ i. 

T 2d 
Y=-=-+t 1 M 8 

!Ii =R 

." -c ~]'i; e ~ ; :; I = e -
o..~ . -" e: e: 1-;0 = II • i Total cost of ea.rthwork 
0.5 .>- .. . I ~~.- ." j 000 
-;;~cO £ 0 .... ~ " ;..; .~ a5 including rupees 2'5 

~,,:, I cil c.. Q;I I for cost of digging '" "',~ ~ !; II 
._ t.l ~ 

!.,g 0 
] t gJ 'C 0 0'" i (Dri;;:P;~e~~~ in ~ ., 

'C ~ - -x ~ c..,::; 
~ "':'.5 o = M 0>-• c • ·11 ~e_ - . -... I>< ~ d:CI':l 0 c .. 8 X o. ~M 

I ~ -: ~ 
i~~i 

I 
. ~ ~ ~ - ~ X ~:< .£ ° • 

_~_-~~ i s'" 0'" 1.:::=",8 •• ~ ..... c 
~ Z >< ... g: _._-

:~XXY 
1 In Bs.. 

:J 
T. N, X X V XZI and de- In Rs, In R •. 

I 
cimais. and annas. and annas. 

- ------
Feet. Minutes. No, 

i~ 
Day. R •. I R., Bs. As. Rs. As. 

! 

50 1'0 500 '0020 3'20 1'60 I 4'10 4 2 ') 
60 1'1 455 1 '0022 3'52 1'76 4'26 4 4 :I 
70 1'2 417 '0024 3'84 1'92 4'42 4 7 . I 

80 1'3 385 '0026 4'16 I 2'08 4'58 4 9 ,~ 5 14 
II 

90 1'4 367 '0028 4'48 2'24 4'74 4 12 IJ ') 100 I 1'5 333 '0030, 4'80 2'40 4'90 414 
125 1'76 286 '0036 5'60 2'80 6'30 I) 5 I ~ 6 13 
150 2'00 250 '0040 6,40 3'20 5'70 511 11 J 
175 2'26 222 '0045 7.20 3'60 6'10 6 2 : J 8 ~ 
200 2'50 200 '0050 8,00 4'00 6'60 6 8 

: } 815 225 2'73 182 '0055 8.80 4'40 6'90 614 
250 3'00 I 167 '0060 9'60 4'80 7'30 7 I) 

275 3'25 164 '0065 10'40 5'20 7'70 711 i 1 10 ~ 
300 3'50 143 '0070 11'20 6'60 8'10 8 2 

i111 325 3'75 133 '0075 12'00 6'00 8'50 8 8 I 
350 4'00 125 '0080 12'80 6'40 8'90 814 'r 376 4'25 I 118 '0085 13'60 6'80 9'30 9 5 

i J 
2 ; 12 

400 4'50 III '0090 14'40 7'20 9'70 911 
• 113 426 4'75 105 '0095 16'20 I 7'60 10'10 10 2 3 

460 5'00 100 '0100 16'00 8'00 lQ'50 10 8 
:} J 475 /)'26 95 . 0106 16'80 8'40 10'90 10 14 14 4 

500 5'50 91 'OlIO 17'60 8'80 , U'30 11 6 
1lIl0 6'00 83 '0120 19'20 9'60 1 12 '00. 2 0 I 15 9 
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SECTION III. 
Masonry Rat~s~ 

153. Schedule oLrates for e.stimating masonry works on Barrage Canal 
Projects 1920. 

, 

No. Item. .. 

.1 I Excavation for foundations dry in main canals anel 
.. branch .. over 100 feet wide .. . . .. 

2 Do. do. wet .. .. 
3 Do. do. dry in bran-

00 .. 1 .. _ than 100' wide .. .. 
4 ··Do. do_ wet .. 
5 Earth filling rammed .. .. .. 
6 .. Do. lead and ramming only .. . . -. .. 
7 Concrete of B. B. ·and hydraulic lime 1 :2 : 4 .. 
8 Do. do. and white lime .. 
9 Concrete of etone metal and hydraulic lime new 

SukkUr and Rohri only . .. .. .. 
10 of random rubble in h' draulic . Foundation maso nry y 

\llqe near Sukkur and Rohri only .. 1 

11 Do. do. of B. B. and Hydraulic lime 
12 Pavement of do. do. brick on end or sid .. 
13 I . Do. do. on end laid in cement mortar 1 : 2 .. 
14 Superstructure of B. B. and;ij:ydraulic lime with st~ck 

joints 
15 Arch work in B. B. and Hydraulic lime with _truck joints. 
16 Cut· _tone work in cement 
17 Cement concrete 1: 2: 4 
IS ,Reinforced concrete f100rillg 1: 2: 4 

'19' Do. do. beams do. 
20 Dry brick pitching 
21 Dry brick ballast 
22 Stone pitching dry 
23 Road metalling 

24 Consolidating Roads 
25 Guard _ton .. 

SECTION IV. 

Iron Work Rates. 
154. Details of rate for gates. 

U~t. 

1 

Cubic feet'! 
I 

1,000 I 

1 .. t 

I .. I .. I .. ! .. I 

100' ! .. 
I .. 

., .. .. 
,. 

.. .. .. .. .. 
'. .. 

100' 
100 
100 
100 
Sft. 
100 

each. 

I Dr. Sum-
men' 1909 

. rate. 

7 
10 

5 
.. 

5 
3 

22 
.. 

24 

34 
38 

200 

16 

7 
10 

5 

Pr"!o .... 
rate or 1 920 

' project. 

9 
13 

7 
10 
7 

4/8 
32 
26 

25 

30 
37 
39 
65 

42 
50. 

. 200 
·801 
150 
180 
25 
18 
8 

18 

Ga1.e8 Jor Head &gulat.ors oj Oa_ at Sttlcktw. 

Gat.e. 

-

Sill . - .. .. 
Middle Gate -.. .. .. 
Upper Gate .. .. .. 

Average for whole set .. .. .. 

Average for 2 Upper gates only .. .. 

" • 11311-11 

I Height pi gate./ 

4' S" 
S' 9" 

10' 6" 

23' 11" 

19' 3" 

Weight as per Mr. Ashford' .. 
design. 

91'4 lbs./sq. ft. 
73'4 .. 
57-1 

" 

69'S .. 

M'5 .. 
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For intermediate regulators only single gates are required. Suppose the weight 
of gate is 60 lbs./square feet then 25' X 13' gate would weigh 8·75 tons. 

Abstract of cost of Jlegulator Gare 25' X 13'. 

8·75 tons at Mr. Ashford's rate of Rs. 420 per ton 

. Roller boxes •• 1 at Mr. Ashford's rate { •• 
Cast Iron Grooves . J .• • 
Counterweighte (Reinforced concrete with pulley boxes) 
Mechanism for lifting gates 

Total 

Add Carriage at 15 per cent. and contingencies at 5 per cent. = 20 per cent. 

/ 
Total for one gate 25' X 13' 

'.e., for one square foot 
Add 50 per cent. for post-war rates 

.. 
Total 

Rs. 
3,670 

455 
1,100 
1,000 
1,500 

7,725 
1,545 

9,270 

28'6 
14'3 

per square foot including carriage and contingencies say 43'0 

Compa!8 with ~te per aqua.re foot. Ooat for erection 

Mr. Beale's rate for Canal Head Regulator Gate .• 
Mr. Beale's rate for Barrage .•• 

Dr. Summers' rate for Canal Regulator Gate 
1919 Project-Barrage 

1919 Project-Canal Head Regulator Gate 

Rs. Rs. 
30 
50 
20 
52 
55 

.. 3 
5 

110, rate for gate for intermediate regulator on canals has been taken.aB Rs. 43 
pul8 2 for erection, i.e., Rs. 45 per square foot. . 
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PART V" 

ESTIMATING. 

INDEX., 

Estimating earthwork in canaIa 
PAG .. 

.'. 47 SBarIOli I. 
n II. 
ft m. 

Estimating cost of Branches carrying over 2,000 cuseca 
Estimating cost of Branches carrying between 2,000 and 200 

47 

49, 

49 
50 
51 ' 

" 
" .. 

cuaecs 
IV. Estimating cost of Distributaries 
V. Variation of rates for Right Bank Projects 

VI. The Eastern Nara System 

PART V. 

ESTIMATING. 

SECTION 'I. 

Estimaiing Earlhwork in Canals. 

General InstTUCtions. 

155. By the orders of the Bombay Government, vide their No. C.E.I.-l, dated 
17th January 1920 (Appendix A) only channels carrying 2,000 cusecs or over are 
estimated in detail. For all channels carrying between 2,000 and 200 cusecs, i.e., 
Branches, the cost to be taken from a curve of costs, to be derived from-

(a) Dr. Summers' 1909 Project estimates. 
(b) Jamrao Canal Completion Report. 
(c) A few typical branches to be estimated in detail in the present project. 

The cost of distributaries to be estimated on an acreage rate to be derived from 
Dr. Summers' rate, but varied to suit intensity of water.supply per area. . 

SECTION II. 
. I. 

Esiimating cod of Branches over 2,000 Cusecs. 

156. These channels, have accordingly been estimated in detail by the 'm~thodS 
explained below. 

157. For the Rohn Canal System-all large channels were laid out on the 
ground by, Dr. Summers in 1909, and levels taken at every 500 feet •. He estimated 
his sections in detail at every 500 feet. This led to a very large amount of work 
and as on other canal systems we have not got levels at 500 feet intervals, but, 
have to' interpolate levels from the contours on the 'one inch Topo sheets, it was 
desired to estimate at longer intervals, and 4,000 feet was found to be a convenient 
unit for the longitudinal sections. 

158. In order to ascertain whether lengthening the intervals led to any 
considerable error, a length of 100 miles of the Rohri Canal, as designed in 1909, 
was calculated with 4,000 feet intervals only. On comparing the quantities thus 
estimated, with those estimated by Dr., Summers, at 500 feet intervals, it was 
found that the difIerence was only 11 per cent., the 4,000 feet intervals giving the 
greater quantities. , 

159. Similarly a length of 23 miles of the Main Canal to'the present revised 
design for Rohri Canal, was estimated both at 4,000 feet intervals and at 500 feet 
intervals, and the difIerence was found to be 1 per cent. excess for 4,000 feet intervals. 
Also a length of 14 miles of the Sebra Branch was similarly estimated and gave a. 
difterence of O' 03 per cent.' deficit for 4,000 feet intervals. 

I, . . " . 
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It was therefore considered amply' near enough to estimate at 4,000 feet 
intervals for all canals. 

160. As it is found on theconstr'uction of canals, that actual quantities 
invariably exceed the estimatedqua:r;ttities, however cl~ly the sections are esti
mated, an allowance has been made, .m the present proJects, of 10 per cent. excess 
over calculated quantities, for those cases where the canal alignments have been 
actually levelled on the ground. 

161. In the case of canals whose longitudinal sections have been interpolated 
from the contours only, a larger provision, viz., 15 per cent. excess over calculated 
quantities, has been allowed. 

162. For each project, type sect.ions of excavation and bank-work, for various 
widths and depths of canals, have been drawn out, and are included in the portfolio 
of plan~ of each proj ect. 

These type sections show the mean lead for earth in each case and the width 
of land required (see later). 

The t.ypes are worked out for each 2 feet difference in depth of cutting, and for 
about every 50 feet width of cutting. The. difference of lead between any two 
type sections is not more than 50 feet; and for any specific case, that type section 
which is nearest the case is adopted, and hence the error in lead cannot be more 
than 25 feet and does not affect the rate, which is only varied for 50 feet intervals. 

Each type section is numbered, and in the estimates a reference is made to 
the number of the section used, at every 4,000 feet interval estimated. 

163. The lead as obtained from the type section is tabulated in the accom
paniment to earth-work estimates, and the rate at which earth-work is charged, 
is that for the 50 feet range of lead, within which this figure falls. 

164.. The actual quantity of canal excavation is worked out in detail at every 
4,000 feet section, while the quantity of bank-work is read from the table of bank
work quantities, prepared from the type sections of banks for every half foot height 
of bank. . 

Whichever of these two quantities, viz., canal excavation or bank:work, is the 
greater, is entered in the estimate as the quantity of e:ltcavation, and is grouped 
under the 50 feet range. of lead to which it belongs. 

165. In addition to this provision for excavation, a furtber provision for 
ramming the full quantity of bank-work is made in a separate column, and is. 
estimated at Rs. 2 per 1,000 c. ft. . . 

The u;idtk of land required. 
166. In the type sections, the width of land required to accommodate the 

canal, its berms, its containing banks, and its spoil banks, is shown to scale. Beyond 
the toe of the spoil bank a small strip of land is taken up sufficient for the boundary 
trench and bank. The total width of land thUll acquired is made an even multiple 
of 33 feet, for simplicity in the Revenue Survey.. . 

167. In using the type sections for any specific case; that section nearest 
the case is adopted, i.e., for a depth differing by not more than 1 foot. . 

An example of the limits of bed width between which any type seCtion is 
assumed to be correct, is given in the table below (ROM Canal Project). 

168. 

Bed width on Aotual widths of eanal and Depth of full I 1)po _n. NOI. '1I"'-ti ... limitlt .... WOOD "hi.h typo "PI'I7 lliaeharge ._ 
F .. ,. aeoti OIl .. t.alIien U CQlJ'8Qt,. F .. " 

------
t 

1-9 240 21910 253 13'0 Above 2,000 
1~17 150 130 to 172 12'6 

" " 18-24 no 85 to 130 12'0 .. .. 
25-32 no 85 to 130 W'O " " 33-38 73 60 to 90 10'0 " " 39-43 711 60 to 90 8'0 1,500 2,000 
44-48 40 30 to 50 S'O 1,000 1,500 
i9-53 40 30 to 110 S'O 760 1,000 
54-1i6 30 20 to 40 8'0 500 750 
1i7-59 30 20 to 40 6'0 - 200 600 
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SECTION III. 

Eltimating Cost of Branches carrying between 2,000 and 20IJ Cusecs. 

169. The mile cusecs of a branch are calculated as follows. The main dis
charge of each reach of the branch (absorption losses make discharge vary in any 
reach) is multiplied by the length of the reach in miles, and the total of all thes~ 
gives the mile-cusec measure of the branch. 

170. A curve of costs has been plotted from the 1909 Rohri Canal Project,. 
using mile-cusec as the abcissa and total cost of works as the ordinates. 

171. Points have also been plotted for the cost of some of the branches 
of Plmjab Canals (obtained from Diagram No. 23 of the Sutlej Valley Project, 
1917- Report). 

172. In addition to these figures, a number of channels between 200 and 2,000' 
cusecs in the present Rohri Canal Project were estimated in detail, and a curve· 
prepared therefrom. The cost of the remaining branches of the Rohri Canal, and 
that of a few minor branches of the Right Bank Cltnals, was read from this curve,. 
but it was not of great use, as most of the branches of the Right Bank Canals 
were too almormal to be obtained from the curve, and were all estimated in 
detail. 

173. The 1909 and 1920 curves for the Rohri Canal branches are interesting, 
however, as they show that in spite of the increase of 30 per cent. in most rates, th~ 
total cost of the 1920 branches is only about 10 per cent. higher than that of the 1909 
branches. This is mainly due to careful grading and approximation to balancing 
depth, more economical bank sections, as well as to some reduction in the provision 
for buildings and other Sillidry items. As every effort was made to keep down 
costs as much as possible, without sacrificing efficiency and safety, the results are 
considered satisfactory. 

174. The curve of costs gives cost of works only, and provision is made for 
establishment and tools and plant-which are common to the whole project-in the 
summary of total cost of direct charges. 

175. In addition to the provision for Main Canals and Branches as described 
above, separate provision is made for the distributary systems as shown below . 

• 
SECTION IV. 

Cost of Distributaries. 

176. The actual cost of the distributaries on the Jamrao Canal System 
workpd out to Rs. 1, 27 per acre of gross area commanded. In his 1909 Project 
Dr. Summers worked out in deta.il the cost of three distributaries and found they 
came to an average of Rs. 1· 90 per acre of gross area. He attributed the difference 
to the higher cost of land in the Rohri Canal tract, and to the greater intensity of 
cultivation for which he allowed. 

This allowance was as follows :-
He took 25 per cent. of the gross area as kharif cultivation with a. 

duty of 85 at the head of distributary. To this he added 25 per cent. to allow 
for overlap of crops, giving a resulting water-supply of 2·35 cusecs per square 
mile of gross area. 

177. In the present Rohri Canal Project, the intensity of Kharif cultivation 
depends upon the rice on each channel, but for the whole tract the average kharif 
is 24·3 per cent. of the gross, after allowing the equivalent of the rice area as other 
kharif. The allowance for overlap of crops has been reduced to 7 . 3 per cent., vide 
Part II, Section V ante. 

This gh·es a resulting water-supply of 1·79 cusecs per square mile of gross are& 
commanded. 

~ D 113~-13 



;50 

178. For the Rohri Canal Distributaries. the dost pe~ acre ha~ bee~ worked 
-out from Dr. Summers' rate accordingly, alloWIng for this Increase III umt cost of 
works, lands, etc., as follows :-

179. 

--------~-------~--

Head of estimate. 

A. Preliminary expeDSes 
B. Land 
C. Works 
L. Earthwork 
O. Miscellaneous 

Outlets at RB. 150 

P. Maintenance .. 

Total .. 

Provision in rupees per acre of gross command. 

Dr. Summers' Increase in 
provision. rates. 

As proposed in 1920. 

Per ent. 
0'02 50 0'03 
0'16 66 0'24 
0'40 50 

I 
0'60 

1'06 ·1 30 1'88 
0'05 

I 30 I 0'07 
0'14 at Rs.300 0'28 

with modules 
0'08 25 0'10 

~--- ------_ .. ------
1'90 1'79 2'70x -~ = Rs 2'05 2'35 . 

180. The rate evolved above, viz., Rs. 2'05 per acre is for channels carrying 
from 50 to 100 cusecs, as worked out by Dr. Summers. 

For channels carrying less than 50 cusecs-now callod Minors-Dr. Summers 
took a rate of Rs. l' 70 per acre. This rate has heen increased in the same propor-

tion as that for distributaries to ~: ~~ x ]. 70 = Rs. l' 83 per acre. 

181. In working out an example in detail for the present project the tail 
"Behra Branch-it was found that the cost of the main channel alone, from the point 
where the discharge was 200 cusecs, to the point where it was 100 cusecs, came to 
Re. 1 per acre of -gross area commanded by the whole,200 cusec channel. 

182. The rat~ for channels carrying between ]00 and 200 cusecs has·therefore 
been obtained by adding Re. 1 per acre to the above rate of Rs. 2' 05 per acre for 
<:hannels carrying from 50 to 100 cusecs. 

183. The final rates adopted for the Rohri Canal are therefore as follows:-

Gross area. 

Channels carrying less than 50 cusecs . . I . 83 per acre. 

" ;, 50 to 100 " .. 2·05 
" 

" " 100 to 200 .. 3'00 

184. For wa.tercourses. Dr. ~ummers took a rate of Rs. 1 . 50 per acre of gross 
commanded. ThIS has now been Increased to Rs. 1 . 70 per acre, but as all expendi
ture under this head will be recovered from the zamindars or Colonists, it does not 
affect the total estimate for the project. 

SECTION V. 

Variation of Rates for Right Bank Projects. 

185. For the Right Bank Canal Perennial Projects different rates are neces
tary owing to the different intensity of watering adopted, and to the higher value 
ofJand on this side, which has been taken at a rate of about Rs. 110 per acre for 
distributaries 011 the Perennial Canals. 
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186. Dr. Summers' rate for distributaries carrying from 50 to 100 cusees, 
when altered to suit revised costs of present time works out as follows :-

Head of estima.te. 

A. Preliminary expenses 
B. Land 

·C. Works 
L. Earthwork 
'0. Miscellaneous .. 

Outlets @ 150 .. 

P. Maintenance . . 
Total 

I 

Provision io rupeea per acre of gross command. 

:qr. Summers' Increase. Preaen~ rate. I provision. 

per cont. 
0'02 

· .- 0'16 
50 

150 
50 
30 
30 

0'03 
0'40 
0'60 
1'38 
0'07 
0'28 

0'40 
· . 1'06 
· . 0'05 

0'14 

· . 0'08 

1'90 . 

at Re. 300 
with 

modules. 
25 0'10 

2'86 Dr. Srun
mers' at revised rat...,. 

187. Dr. Summers' intensity of watering was 2'35 cusecs per square mile, 
while for the Right Bank Perennial Canals the average intensity works out to 
-2' 15 cusecs per square mile. 

The cost per acre of gross command therefore 

Rs. 2' 62 per acre. 

2'86 works out to _ -2.15= -
2'35 

188. For distributaries carrying 100 to 200 cusecs the rate is increased by 
Re. 1 as before (see paragraph 181 ante) to say Rs. 3'60 per acre. 

189. The rate for Minors carrying less than 50 cusees was taken by 
Dr. Summers as Rs. 1 . 70 per acre, as against Rs. l' 90 for distributaries carrying 50 to 
100 cusecs. The present rate for Minors is obtained by a proportionate reduction 
from the present rate for distributaries carrying 50 to 100 cusecs, and is as follows :-

1·70 
~ >< 2'62 = Re. 2.35 per acre. 
1-90 

190. The cost per acre for remodelling existing distributaries has been taken 
as one-third of the east of new distributaries, as was done by Dr. Summers. 

The Central Rice Canal. 
191. There are only two new distributaries on this system, and the rate for 

"these has been taken as one and a half times the rate for the perennial distributaries. 
192. All the remaining new channels are branches carrying more than 200 

cusecs, and the cost of these has been tal,en from the mile-cusec curve for branches. 
193. The cost of remodelling old distributaries and small branches in this rice 

tract has been taken as one-fifth. the cost of constructing a new one. This is based 
on detailed estimates worked out for the tail branches of the Begari and Dhamrao 
Branches, and which were found to come to about one-fifth the cost of new 

-ones. 
SECTION VI. 

The Eastern Nara System. 

194. The cost of branches, distributaries and all works has been tal,en from the 
1909 Project, and an addition of 30 per cent. made to all items to allow for increased 
rates. Our detailed estimates for the revised design of the Rohri Canal, compared 

-on a mile-cusee basis with the 1909 estimates of Dr. Summers, show that the pre
sent designs, at present rates, do not cost more than 6 per cent. in excess of 1909 

-estimates, and hence the above method of obtaining cost of Eastern Nara works may 
be considered to give a very liberal margin. 

195. The cost of the New Supply Channel for the Eastern Nara System, and 
·of widening the existing Supply Channel has been estimated in detail at liberal 
Tates, as also has the cost of the new head regulator, and of road bridges and 
-railway bridges over the new Supply Channel. 
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THE COST OF THE BARRAGE AND HEAD REGULATORS-METHOD 
OF DISTRIBUTING AMONG CANAL SYSTEM. 

SECTION I. 

General Principles. 

196. Although all canal systems will be in progress at the same time, or for
part of the same time, as the Barrage works, it is convenient, for simplicity in cal
culations, to keep the Barrage accO\mts for capital expenditure, and for interest 
during construction, entirely separate until completion of the Barrage works. 

197. After completion, i.e., at the end of the seventh year from commence
ment, the Barrage accounts are closed, and the capital cost, and accumulated 
interest, are then distributed among the canal systems, and the share pertaining 
to each is added to the capital cost of each canal system. In the eighth year after 
commencement of works, and thereafter, each canal is debited with interest, not 
only on its own capital expenditure, hut on that of its share of the Barrage .. 

SECTION II. 

The Cost 01 the Canal Head Regulators. 

198. The total cost of Permanent Works comprising the 1919 Barrage Project, 
vide page 4, Volume III, is Rs. 1,71,96,283. This sum includes the cost of the 
head regulators of each of the canals, details of which can be found separately in 
the estimates. The cost of other works (e.g. Service Works, etc.) for the Barrage 
Project is not however separated from the Barrage proper, and for each Canal 
Head Regulator, but each of the latter must be a proportion of these charges equal 
to the proportion of the cost of its permanent works to the total cost of all 
permanent works. 

199. Similarly the cost of Establishment and of Tools and Plant must be 
proportionately divided to give the total direct charges to each canal head regulator, 
debitable to its canal system. -

The cost of each head regulator, arrived at by these methods, is shown in 
Statement B. 

200. Indirect charges of each Head Regulator are similarly divided, and are 
shown in Part II of the Financial forecasts of each canal system. 

SECTION III. 

The Cost of Barrage Proper. 

201. If the total direct charges for all Head Regulators, as fOlmd in para
graphs 198 and 199 auove, are deducted from the total direct charges of the Barrage 
Project, the balance, vi~., Rs. 1,84,00,513 gives the direct charges due to the Barrage 
Proper. 
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These charges again have to be distributed among, all the canal systems, and 
this is done on the following principle sanctioned by Government, vide Chief 
Engineer for Irrigation's No. 2Q dated the 6th April 1920. 

202. The Barrage is required for the benefit of all canals fed by it, and it 
might at first sight appear that the correct way to apportion the cost among the 
various canals, would be in prof0rtion to the discharge of each canal. But for 
the Rice Canals the Barrage 18 0 no benefit in the rabi season, as these canals are 
then closed. It does not, however, confer a very great benefit on these canals by 
giving them a guaranteed Full Supply Level during the whole period for which 
they are flowing. 

These canais take a very large quantity of water in proportion to the area.-
irrigated, but they take it only for 6 months in the year. , 

The Perennial Canals on the other hand take a smaller quantity of water for 
area irrigated; but they take it all the year round. 

203. Hence the fairest way to distribute the cost of the Barrage'is to divide 
it, not in proportion to the discharge of canals, but in proportion to the total area. 
each canal will be able to irrigate eventually. ' 

204. In the Chief Engineer for Irrigation's letter referred to, he states that 
the distribution should be in proportion to the increased area irrigated on each. 
canal, but in the example he gives, he uses the figures of total anticipated irrigation 
on each canal, i.e., new irrigation plus present irrigation, and this is presumably 
what is intended since the present irrigation benefits equally with the new, by 
the operation of the Barrage. 

205. Statement B-1 shows the anticipated calculation on each canal system 
and the percentage it bears to the total cultivation on all systems. 

The Direct chargeS for the Barrage Proper are divided in'these proportions 
among all the canal systems, and the amounts debitable to each are shown in the 
statement. 

206. The Indirect charges for the Barrage Proper are divided in the same 
proportions, and are shown for each canal system in Part II of the Financial 
Forecast of that system. 

SECTION IV. 

]nterast during Construction and thereafter. 

207. In Statement C accompanying Part IV of the Financial Forecast of 
each canal system, is shown the simple interest on the capital outlay for the Barrage 
w.orks. It shows the accumwated interest to end of the 7th year from commence
ment, i.e., to completion, and the annual interest thereafter. Both these SUIns.$Ie 

transferred by allocation to the various canal systems. , 

208. Twenty-two per cent. of both accumulated interest and of annual inter~ 
after completion, is the share due to the Head Regulators of all canals,and, is 
divided among them in the proportions mentioned in paragraphs 198 and 199 ant/!. 

209. The remaining 78 per cent. of each is the share due to Barrage Proper, 
and, this is divided among all canal systems in the proportions mentioned in para
graphs 203 to 206 ante. 

SECTION V. 

Maintenance charges for Barrage and Head Regulators. 

210. A detailed statement is attached showing the estimated working expen
ses for maintaining and working the Barrage and Head Regulators of all canals_ 

The total cost of this is'divided among all canals, in proportion to the ares. 
irrigated by each, as shown in Part IV of the Financial Statements of each canal 
system, and in Statement E attached to Part IV. 

B H 11311-1' 
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WOIloKING EXPENSES 011 THE SUKKUB BARRAGE. 

EstabUahment. 

*{1 Executive Engineer at Re. 1,250 
1 Assistant Engineer at Rs. 800 
2 Overseers at Rs. 150 each 
1 Mechanical Superintendent at Rs. 500 

BUITf'age Out-door EstohUahment. 

4 Fitters at Re. 100 each 

~o Coolies at RH. 25 .. 

Workshops-SalJvage value writle1l back. 
Re. 

35,000 Machinery. 
10,000 Buildings. erection. 
16,000 Power Supply Plant 75 b. h. p. 
6,000 Transmission lines. 
3,000 Housing. 

20,000 Batteries. 

gO,OOO 
say 1.00,000 Annual interest on this.BUln 

Depreciation machinery at 2 per cent. 

.. Batteries at 10 , . 
Workshop Establillhment aM running c1usrgu. 

I Engine Driver at Rs. 100 

I Engine Driver at Re. 70 

3 Electricians 
2 Greasers at Re. 25 each 

365 Crude oil 700 lbs. (70 ga.llons) days per day for 75 b. h. p. engine 
10 hours a day at Re. 16 per day 

Oil Waste at Re. 50 a month 

Stores at Rs. 50 a month 

Repairs to Transmission lines 33 per cent. on Rs. 6,000 per year 

Workshop materials and stores 
Coal for smithy 100 tons at Rs. 20 

Regulators Estohli8hment. 
Each Bank-

Per month. Per year. 

Rs. Rs. 
625 
400 
150 
500 

1,675 20,100 

400 
500 

900 10,800 

100 

70 
120 

50 

S40 

5,000 

700 

2,000 

4,080 

5,840 
600 

600 

2,000 

15,000 
2,000 

1 Overseer at Re. 150 150 

2 Fitters at Re. 50 eaab 100 
15 Coolies at Rs. 25 .. 375 

625 
Add for other bank 625 

. 1,250 15,000 

• Half OOlt oharged to Banage and h&lf to canals. 



Steam TIl1J. 

Be. 62,500 Capital cost-Interest at 5 per cent. on 
1 Master at Rs. 200 
1 Engineer at Rs. 150 
1 Engineer at Rs. 100 
"2 Mechanics at Rs. 60 each 
2 Greasers at Rs. 25 " 

.. .. 
4 Stokers at Rs. 25 

" 
.IS Crew at Rs. 25 " 

Depreciation at 5 per cent. 
Repairs 
Fuel 
Stores 

Motor Latmcha (Two). 
Each-

Rs. 10,000 Capital Cost-Interest at 5 per cent. on 
" for second launch 

" Depreciation at 12 per cent. 
Repairs 
1 Driver at Rs. 70 
1 Khalasi at R •. 30 
Fuel 
;Stores 

Per month. Per Jear. 

Rs. Rs. 
3,125 

200 
150 
100 
120 
50 

100 
125 

845 
250 
400 

3,000 
300 

4,795 57,040 

., 500 
500 

100 

50 
70 
30 

240 
40 

530 
Add for second launch 530 

Painting. 
:Barrage girders-·once in six year.! 

u machinery " " 
.. gates, No. 66, at Re. 150 each gate 

Regulator girders-each side at Rs. 200 
.. machinery-.. at Re. 200 
" gates, No. 45, at Re. 60 per gllte 

Repairs to MasOPlry. 
Parapets 
Masonry pointing " . • . • . . 
Roadway on Regulators and Barrage, 2 miles at Re. 1,000 •. 
Repairs to Guide banks 5 miles, at Ro. 5,000 

Divided up as follo~t-
5' 7 per cent Khairpur Canals 

37' 6 " Rohri Canal 
28'1 " Eastern N ara Canals .. 
7' 7 " South Eastern Canal 
8' 4 " Central Rice Canal 

12'5 " North Western Canal 

100' 0 per cent. 

----_. 
1,060 12,720 

1,000 
1,000 

9,900 
400 
400 

2,700 

1,000 
2,000 
2,000 

25,000. 
----

Total per year 2,03,505 
---_., 

11,150 
76,400 
57,100 
15,600 
17,855 
25,400 

Total 2,03.1105 
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PART VII. 

FINANCIAL FORECASTS OF THE CANAL PROJECTS. 

SECTION I. 

General. 

211. Financial Forecasts are attached showing the anticipated results of 
each canal system, including its share of the cost of the Barrage, and also a fore· 
cast of results for all systems combined. 

212. Since all canals are equally dependent on the Barrage, and as, even if 
if were desired to do so, no one system could be made without the others being 
also made (since anyone new system would adversely affect the existing canals 
of the other systems), the only true method of considering these great projects, 
is to treat all as comprising one indivisible whole. It is useful and interesting to 
see how each canal system affects the combined project, but ,no one system can 
correctly be considered alone. 

SECTION n. 
Method of estimating anticipated growth of cultivation on ~erennial Canals. 

213. In their report on the Barrage Canals Messrs. Baker and Lane have 
shown figures of total culturable area, and of their estimate of future cultivation 
during the first, second and third ten years periods, after the opening of the canals. 

214. As the boundaries of irrigation of some of the canal projects now sub· 
mitted do not coincide with those used by Messrs. Baker and Lane in their report, 
the estimates of future cultivation will similarly differ. 

215. In those cases where the total final area of estimated cultivation in these 
projects is the same as Messrs. Baker and Lane's estimate, e.g., the Rohri Canal 
the estimate of cultivation at the end of ten years is taken the same as their estimate: 

216. In cases where the total area of estimated final cultivation differs from 
their estimate, the cultivation at the end of ten years and twenty years is 
estimated from the revised figure of total cultivation, in the same proportion as 
Me88rs. Baker and Lanes ten year and twenty year estimates bear to their 
estimate of final cultivation. 
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217. But Messrs. Baker and Lane do pot show how the area of cultivation 
increases from the present cultivation to that at the end of ten years., 

218. I have estimated this as follows :-
, (a) Where present rabi cultivation is less than present kharif· culti

vation, i.e., on the Rohri Canal, and the North-Western Perennial Can~, 
I have assumed that the rabi cultivation will increase in the first year after _ 
opening to 75 per cent. of the present kharif area. Thereafter there will 
be a steady increase until in the tenth year, the figure estimated for that year, 
as shown in paragraphs 215 and 216.above is reached. 

(b) On the South Eastern Perennial Canal, where the present rabi area 
is already equal to the present kharif area, it is assumed that rabi increases 
steadily every year until, in the tenth year, the estimated cultivation of that 
year is reached (calculated as shown in paragraph 216 above). 

(c) From the 10th to 20th years, and from 20th to 30th. years,. t~e increase 
is assumed to be steady throughout each year of those penods, glVlng at the 
30th year the final anticipated cultivation. -

SECTION III. 

Anticipated growth of cultivation on Ric. (Canals Right Bank Central Canal). 

219. On these canals it is assumed that the area of kharif cultivation will 
increase from the present area to the full anticipated area in the first year after 
opening. The anticipated intensities are as follows :-

f POroetltage of oulturable. ~=Dtage of gross. 

. Rice 
Other Kharif 

.. ' . '1 85' 5 Per cent. 77 Per Q6nt . 
•• j 5,., 4-5 " 

L-'-----'--I----
.. r 90'5 81"5 Total 

Aheady the present' cultivation on the Ghar Canal is 75 per cent. of the 
culturable area commanded. 

Experience shows that wherever a reliable supply for rice is available the 
cultivators will utilize it to the full immediately.. . 

220. It may be noted that in their estimates of cultivation and revenue, 
Messrs. Baker and Lane have assumed the full anticipated area for each ten year 
period, to be constant throughout that period, i.e., they allow for a sudden jump 
of cultivation in the first year after opening, and this area to remain constant 
throughout ten years, and then again sudden jumps at the tenth and twentieth 
years. , 

221. The method of estimating now adopted in the~e projects is, therefore, 
a more moderate and safer one than Messrs. Baker and Lane's. 

SECTION IV. 

Rates of Assessment for flow Irrigation . 

. 222. Messrs. Baker and Lane propose certain rates for the first ten year
period, increased rates for the second ten year period and further final increased 
rates for the third ten year period and thereafter. 

223. In the accompanying projects it has been assumed that the increased 
rates (for first ten year period) come into operation on each section of the canals, 
as soon as that section is opened, and that at the end of ten and twenty years, the 
rates in that section increase as shown by Messrs. Baker and Lane. 

That is to say it is assUmed that every section of the canals enjoy the lower 
rates for ten and twenty years after the opening of that section, before reac.hing 
the final maximum assesement. . 

" " 1135-1G 
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" . 224. Thus the rate paid in any given year on a particular branch will depend 
on the year in which it was opened, and this rate will not be uniform all over the 
canal tracts, until 20 years after the . last ,sectipn is opened. 
. 225. On the Eastern Nara svstem Messrs. Baker and Lane's rates have not 
been adopted, as they proposed no· improvements' (and provided no funds whatever 
lor such improvements) on, this system. Thus, they did not debit. to the system, 
any share of the cpst of :the Barrage, nOr .any. charge .for th~ necessary new head 
.to the Eastern Nara Supply Channel. 

226. In the present project provision has been made for this new head; 
also for widening the existing Supply Channel, and for embanking the Eastern 
Nara River throughout. Without these works the Eastern Nara system would 
,not benefit by the Barrage. . ,. : 

227. In addition, provision has been made for remodelling existing canals 
where nee<eS!l!J.ry, and for making new cllnals where required,and the resulting 
project is a most promising and lucrative one. 

228. Mr. Baker agreed that similar intensities and duties to those assumed 
for the Rohri Canal, might be expected on this system, if improved as now pro· 
posed (vide Appendix C, Volume VI). 

It therefore appears only reasonable to assunle that these areas when thus 
improved, should pay the same rates As the adjoining RohriCanal area, and such 
rates have therefore been adopted in the project, for all branches of this system, 
including the .Jamrao Canal, which will, be greatly benefitted and will obtain a 
guaranteed supply. ',...' '." .,. ''','', . , 

SECTION V.' "}' , 

Rates of assessment for lift Irrigation. 

229. On the North-Western and South-Eastern Canals of the Right Bank 
lIystem;'there are small areas which it is not possible to command by flow, although 
in every case there is flow at the tail of the distributaries supplying these aTeas. 

230. The rates of assessment for all crops in these lift areas have been assumed 
as half the flow rates allowed by Messrs. Baker and Lane. 

231. On present inundation canals, the rate for lift irrigation is about 66 
per cent. of flow rates, so that the above assumption is a very safe one. 

SECTION VI. 
I , 

Du bari Cultivation. 

232 .. On all rice lands there will be a considerable area of dubari rabi cultI
vation, i.e., crops sown on the wet lands after the rice crop is cut, and brought to 
maturity without further waterings. . . 

233. 'No rate is levied on such crops as they are to be encouraged in order 
to utilize the excess water from the saturated lands, and thus minimise water-
logging effects. ' 

SECTION VII. 

Jagir Lands. 

234. The gross area of these has been taken from Messrs. Baker and Lane's 
deh~war statements in the case of the Right Bank Canals, and agrees with the 1909 
proJe<:t figur~., ,,' ,'i 

235. In the c~e of the Rohri Canal ,the gross area. has been taken from 
Dr. Summers' project figures, as Messrs. Baker and Lane have omitted some 
.J~rs, apparently by oversight. .'. '., 

236. The future intensity of cultivation in these Jagirs has 'been estimated 
to be the same as ·in Government lands. .. 

237., It is assumed that theJ agir kharif cult,ivation pa.ys one quarter the 
ra:tes charged to Government land, a.nd t.heir rabi cultivation one-half the rates 
for Government land. 
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SECTION VIII. 

"Malkano 'Receipts~" 
. ,~~ , 

238. \"hen Government waste land is given out for" cultivation, it is leased ' 
to the Zaminda.rs on certain' conditiol;1l!. Th~, 8.Ilea.a. follows ~-, , • . .. 

(a) The rights·of oultivation·may be granted for·a period of five years 
renewable at the option of both parties on payment of one lump sum fee per 
acre known as "Malkano" (Sindhi for "Ownership ") 

(b) The right of oultivation may be for a period of 10 years on malkano 
~. ' ,.' '.' " , 

(e) The-right of cultivation may be granted in' perpetuity od.' malkano 
fees. ' .' 
239. In addition to the malkano fees the occupant has to pay the usual annual 

eombined assesment for land and water rates. 
240. . All Government culturable waste lands have been classified by 

Messrs: 'BSker and Lane in groups A; B aM C' of which A lands are good culturable , 
lands. 

241. Of the A lands on the Rohn Canal they assume th/tt half the area will be 
leased out on malkano and annual interest at 5 per cent.' on the whole amount of' 
this''maikaho'is''Credited to'the'projectanimilllY.'" , .! ., t,·. ,.,' t.l ". 

This area is abo\lt equal to one-third of all unoccupied culturable land, th~ area. 
for which malkano is credited being 240,000 acres, out of total unoccupied cultur
~ble of 758,000 acres. ,.' ' 

242. On the Right Bank system, Messrs. Baker and Lane have taken credit 
for malkano on the whole of the A class lands. 

They apparently assume that no A lands will be given free on this system, 
but they have not taken any malkano on the Band C class lands of which there 
~e about 230,000 acres altogether. ' .. , 

SECTION IX. 

Forests. 

243. All fores~ areas for which. thll F9rest Department hav~ a9ked for a 
water supply (vide Appendix G, Volume VI) are fed by distributaries or branches 
.and will get a supply at such periods as the crops require than the normal supply. ' 
Thus in the months December to May there is always surplus capacity available 
in the canals. 

244. At any time during this period heavy floodings can be given to the 
fOrests, of which the tot~ area is comparatively very small, as shown below: _ 

" ,. ,,- 'I i .1. 

Tot .. kharif cultivation. I' Foreat area. 

Rohri Canal 6,77,000" 17,000 
Right Bank Canal 4,21,000 70.859 

245. Revenue from forest lands has been credited at the rate of Re. 1-8-0 
per acre as per Government Resolution No. A.I.-1l29, dated the 26th April 1909. 

SECTION X. 

,Opening of Sections 01 Canals. 

246. The Rohri Canal will be comp.leted in three sections, and each section 
will be ope~ed as~oon as completed. ,Ten years after opening the section, the, rates 
t~ereon will. be ~cr~ed. to, thO/le ?f the, sel?ond .ten-year period, so that the, 
-d!fferent sections m .certam :y:ears WIll be paymg different rates according 1;<;1 ti.le 
tlDle they have been m operation. , " 

247. The first section is' opened in the sixth year a.ftercommence~ent 'and 
the revenue for that year's ",ork is credited in the seventh year and ,so on. " 

Second section is opened in eighth year after commencement. Third section 
is opened in tenth year after commencement. 
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Right Bank Oanals. 

248. The North-Western and South-Eastern Canals are each completed in two
sections. The first section of each is opened in the sixth year from commencement .. 
second section of each canal is opened in seventh year from commencement. 

249. The Oentral R'We Oanal is completed in three sections. 
1st section is opened in ninth year from commencement, 

2nd" " tenth"" " 
3rd" "eleventh"" " 

250. Eastern Nara Oanals are opened by canals. 

The That-wah is opened in sixth year from commencement, 

Khipro "" eighth"" " 
Mithrao " " tenth . "" " 
J amrao will benefit from sixth year from commencement . 

. ' 251. By" commencement" is meant the commencement of the combined' 
project for Barrage and all canals. 

252. The construction and opening of each section is arranged, so as not to 
interfere with the present systems of inundation canals, connections to existing 
canals being made during the rabiseason, when the inundation canals are dry. 

253. For existing canals, until the new canals are completed, the existing 
heads from the river will be left uninterrupted, though during the period between. 
the commencement of operation of the Barrage, and the completion of the final 
sections of the canals, the existing canals, not then connected to the new systems, 
may suffer slightly by the operation of the Barrage; or it may be necessary to do, 
only partial operation of the Barrage durin~ those four or five years. 

254. Some such balancing arrangement for this transition period is unavoid
able, but will not be serious and in the then state of development may be entirely 
negligible. 

SECTION XI. 

Programme 01 Works. 

255. Works have been arranged to be in progress in such a way as 't{) give. 
the most profitable results due to opening the sections as completed. . 

256. The Barrage will be ready for operation in the 6th year from com": 
mencement, and as soon as it is ready there will be the following canals ready to. 
take advantage of it, viz. :-

Rohri Canal. 
Khairpur Canal 

. Right Bank N orth-Western Canal 
" " South-Eastern· " 

Eastern Nara 

First section. 
Both feeders . 
First section. 
FIrSt section. 
Jalilrao, Thar. 
Also present branches of 

Eastern N ara will benefit_ 

257. Thereafter the other sections of all canals will be opened as soon as they 
can be completed. 

258. The programme of construction of all works has been limited to give a 
total expenditUre not excf'eding 171 lakhs per annum for works only or 209 lakhs 
including establishment and tools and plant, etc. 

On the Triple Canals Projects in the Punjab the maximum expenditure was 
144 lakhs per annum. Considering that all rates are now about 33 per cent. higher 
than they were at the time these projects were carried out, the present equiva
lent expenditure would be about 192 lakhs per annum. 

259. As the Barrage Canals will be spread over a much greater area than thtt. 
Triple Canals, (about 72 lakhs of acres against 40 lakhs of lat,ter), and much of our 
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work will be in partly developed country, wher~ f~ and water and other amen!-
ties are readily available for imported labour, It 18 assumed that such progresa 18 

possible. 
260. Efficient recruiting arrangeme~ts for coll~ting a:d !lrga?izing la~?ur 

in, say, the United Provinces, etc., will be essential. No speCial provunoD. 
has been made for such recruiting establishment, but it may be assumed to be 
covered by the usual percentage charge for establishment allowed in ~h canal 
project, and which in practice, is usually found to be more than sufficIent. 

SECTION XII. 

Miscellaneous Receipts. 

,261. Under this heading a smaU lump sum o~ ~s. 10,000 h~s been.credited 
to both Right Bank and Left Bank systems. This mcludes estimated lUcre&Ses 
~ the following :-

. (a) Rents of Government Buildings. 
(b) Sale of grazing rights in canal lands. 
(c) Sale of fruit and vegetables in canal gardens. 
(d) Sale of fishery rights in canals, etc. 
(e) S\1o1e of trees; etc. 

SECTION XIII. 

Working expenses of Canals. 

262. In the financial estimates for the present canal projects, contained 
jn.t~eir Report, ~~rs .. Baker and Lane have taken the working expenses for main
taining and admIIDStenng the canals at the same rate (Rs. l' 20 pet acre) as was 
assumed by Dr. Summers in his 1909 Projl'.ct (vide paragraph 19 of Messrs. Baker 
and Lane's Report). 

263. It is necessary to explain therefore how Dr. Summers arrived at his 
assumed rates. Below is given a copy of paragraph 77 and its accompanying 
statements from Volume VI (Dr. Summers' 1909 Report on Rohri Canal). 
" 77. Working expenses-In the revised J amrao Canal Project of 1904, the rate for 
working expenses was taken as Rs. 0'70 per acre, and judging by this, while 
submitting the Preliminary Rom Canal Project in July 1906, I assumed a rate 
of Re. O· 80, at the same time stating that there was a possibility of its being 
increased to Re. 1 in the detailed project now submitted, but from the statement 
on page 61 it will be seen that even Re. 1 is far too low, and that the average for 

. the three years, 1904-1905 to 1906-1907, when the supply in the Jamrao was ample 
during both the kharif and rabi seasons, was Rs. 1 . 26, which is almost exactly the 
figure (Rs. 1'23) given by Sir Thomas Higham in a note on the financial forecasts 
submitted with the project estimate for the extension of the Chenab Canal, dated 
1st September 1891, as about the average rate on the Punjab perennial canals at 
that time. . 

As this important item ilt apt to be underestimated, and as the Jamrao is a 
new canal and the only one in Sind which is worked on the Punjab perennial sys
tem, I have collected information regarding it from the Punjab, so as to avoid as 
far as possible, any error in the estimate, and have prepared another statement, 
vide page 62, showing the average working expenses per acre, on the 5 million 
acres cultivated on 6 perennial canals in the Punjab, from which it appears that 
the present rate is about Rs. 1'40 per acre, and judging from conversation with 
Punjab Engineers, it appears that this rate is not likely to decrease; but on the 
contrary, may increase', as the rate of wages rises. Even the Chenab Canal, the finest 
in the Punjab, whic~ we can hardly hope to come up to in Sind, shows an average 
rate of Rs. 1'15 for the last three years. The average rate of Rs. l' 5 for working 
expenses per acre of perennial cultivation in Egypt is vllry little greater than the 
average of Re. l' 39 for the three years ended' 1908-1909, for 5 million acres culti
vated on the 6 perennial canals given in the above statement. 

B 1136-18 
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.. In this estimate, I have allowed a rate of Rs. 1'20 for working expenses which 
dot's not include any charges on account of the Barrage. 

In round figures taking the estimate as 500 lakhs and the total cultivation as 
Ii million acres ~ch decimal makes a di:fference of Illakhs, or 0'3 per cent. on 
the return." 

264. It will be noted that Dr. Summers stated he has allowed nothing in 
his rate of Rs. l' 20 per acre, for the working expenses of the Barrage and Head 
Regulator, although the figures he quotes for working expenses of the Jamrao 
Canal' include the cost of working the Weir and Headworks and the long 
Eastern Nara Supply Channel and its Headworks. Similarly the figures quoted for 
working expenses of Punjab Canals must include the cost of working their weirs 
and Headworks, etc. 

265. AI> Messrs. Bake~ and Lane took this same figure of Rs. I' 20 per acre 
of cultivation, and Government has not questioned' it, I have also adopted the 
same rate in the accompanying financial forecasts, but in addition I have allowed 
separately for liberal working expenses of the Barrage an~ H~ad .Regulators, the 
cost of which works out to about Re. O· 065 per acre of cultivatlOn ill the 11th year 
(completion of works) and to about Re. 0'055 in the 17th year, when works become 
productive. 

266. Although the cost of establishment has increased since Dr. Summers 
framed his estimate, yet the intensity of cultivation assumed in the present projects 
is much higher than tHat assumed by Dr. Summers, and this will make working 
expenses proportionately lower per acre of cultivation, so that the figure assumed 
is probably safe. . 

267. In round figures taking the cost of the combined project as 1,614 lakhs, 
and the total cultivation as 5' 3 million acres, each decimal in the rate of working 
expenses, makes a difference of 5' 3 lakhs t{) the nett final profits, or . 212 per cent. 
to the return on Capital outlay. .. 

268. Accurately calculated it is found that an increase of 50 per cent. in this 
rate of working expenses, i.e., to Re. l' 80 per acre, reduces the final return on the 
Capital invested, from 13' 7 per cent. to 11 . 7 per cent. and delays the productivity 
of the combined works by five years, to the eighth year after completion . 

• 



Year. 

----

1 

1900--01 .. 
1901·02 .. 
1902·03 .. 
1903-04 .. 
1904-05 .. 
1905·06 .. 
1906·07 .. 
1907..()8 .. 
1908-09 .. 

SlaUmenl 8lwwing 1M total cul!i~ion and cost per acre 0/ tM working "'penseB on 1M Jmnrao Oanal/or 1900·01 to 1908·09. 

Improve-
ments. 

• 

I 2 
I 

Ra. 

.. .. 
· . .. 
.. 2,012 

· . 1,401 

· . 1,473 .. 2 

· . 5,653 .. 647 

.. 521 

Working Expenses. Cultivation. 
Cost of ---

I Revenue 
working 

Mainte- Indirect --[, -
expenses 

nance I Collection charges. Total. ment. agu'. Total. per acre. 
and repair"1 charges . 

-

3 
I 

4 
I 

5 I 6 I 7 
I 

8 9 
I 
, . 10 

I 
• I 

Ra. R •. Ra. Ra. Acres. Acres. Acres. Rs. 

64,711 10,176 1,564 76,461 • 1,68,567 3,780 172,347 '44 
1,52,889 12,924 5,276 1,71,089 2,12,348 4,166 216,514 '79 
2,16,274 16,335 8,112 2,42,733 2,64,788 4,570 269,358 '90 
2,08,530 19,300 9,548 2,38,779 2,67,568 4,160 271,728 I '88 
3,13,999 19,434 21,407 3,56,313 2,55,491 4,540 260,031 

I 
1'37 

2,95,235 26,957 21,197 3,43,391 2,89,839 4,669 294,508 1'17 
2,61,876 19,527 18,883 3,05,939 2,42,430 3,774 246,204. 1'24 1 2,91,831 18,572 18,169 3,29,219 2,05,332 3,006 208,338 1'58 

f 3,42,312 13,435 18,314 3,74,582 2,02,045 3,153 205,198 1'88 

Nalt.-The canal was opened late in 1899-1900 and only a few acree of late rabi were cultivated in that year. 

• PI .... rood this .. 76,451. 

Remarks. 

11 

-

Only a small portion of the revenu e 
establishment was appointed in 
these years. 

Average of 3 years during which full 
revenue establisbment was employed, 
Rs.l·26. 

Working expenses per acre were ahnor· 
mally high owing to failure of th e 
Iabi water-supply and crops. 
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• 

Statement 8lwwing the total cultivation and COBt per acre 0/ fIJOf'ki.ng 
. -

I I I 
Sirhind Canal (Patiala,." Lower Chenab Canal. Lower Jhelum Canal, Nabha aud Jind Stat ... ), 

I 

Year. Working expenses Working expen.ae8 
I 

Working expensea 

TotRl cuI. TotaJ cuI- Total oul· Total 
tivatioD. -:::;-r~r- tivatioD. tivation. culti-

on total I per on total I per vatioD. 
oultivation. acre. cultivation. &ore. cultivation aore. 

1 
Acres. Acres. R., R., I Ro, Ro, Acres. Ro, R., Ao ...... 

1903,04 .. 308,568 M8,070 0'84
1 

1,982714 17,84,226, 0'90 279,260 2,91,816 1'04 663,792 , , 
1904·06 .. lI47,416 5,64,858 1' 621 1,945,675 18,15,350 0'93 305,900 5,05,341 1'65 760,220 

1906·06 .. 425,656 6,32,539 1'49 1,804,619 18,56,477 1'03 446,669 6,98,161 1'66 856,425 

1906-07 .. 473,293 6,19,962 1'31 IJ570,853 19,61,473 1'2 435,Q8a 7,87,795 1'81 851,762 

1907·08 .. 400,942 7,18,008 1"/9 1,705,296 '19,80,571 1'1 843,621 7,70,621 1'42 753,336 

1908,09 .. 359,672 7,50,754 2' 09
1 

1,992,219 20,44,457 1'03 617,69! 8,79,988 1'42 654,390 
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ezpenstl1 on the 6 Punjab Perennial Canalsjor 190U14 to 1908-09 • 

. -......--~__c;_~___;,___o__-~ 
,_T~~;~ ~)!;,. " 

Western .~umna i Upper Bwot Doab,CalJaI. 
___ ~. it! 

, I 

Workiog upenaes :Working expen8eK i I : ~ .- \forking 8%JH'IlBe8 

Total cul- ! Total cuI. - -. _.- I 
on totaJ.· I per tivation., on total per I tivatioD on tot&) per, 

oultiva,tioD. acre cultivation. acre. I cultivation acre. 

'~I ---~-~-"--.:"'--' -~j- -- . , 
Re. Re. ' AQre8., ! T.J®l •. l i! ; ,Be. Acres. f !lw. !Re. j 

9.69.022 1'« 936.687, 10.63.527 1'12 732.261! 9.05.724 'I'24! 

10.70.626 1'41 005.741' 11.87.478 1_- ·S_r·· ... ;80.224 1'2'i 

12J21,692~ 1'43 1,129,624' 12,17,714 1-08 759,0081 9,28,227 1-221 

11,72.377 1'38 1.038.748; 12.47.443 1'2°''724.11/9111.00.187 1'621 

11.56.548~ 1'54 907.516'115.51.222 1'71 788.301 .9.83.643 1'25 

11,49.840
1 

1'76 1,039,477 14.14.6~ l'~'~" da9:527~ 9.53,304 .~ ~70 , 
. 

• U3ll-17 

Total cul
tivation. 

Working expensea 

-- --.---
on total I per 

_~ultivatio~ _~~ 

. .A.cresj Ba. R •. 

4,903,282 52.52.385 1'07 

5,128,406 61.23.876 1'19 

5,421,991 65.54.810 1'21 

5,094,146 68,89,237 1'35 

6.098.939 11,60.512 1'« 

6.222.9811 71,93,037 1'38 
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PART VIII. 
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t 

SECTION I. 

Method of Settling disputed Points. 

--269:-SiriceI916, wheiithe sanction ()f the-Government ot India' to the pre
paration of a revised project for the Barrage and Canals was received, the practice 
()f holding conferences of officers of all departments concerned has been adopted, 
to thoroughly thrash out all points on which divergence of opinions existed. 

270. The effect of these conferences has been invaluable. By their means 
many misapprehensions have been avoided or cleared away, the various deparl
ments concerned have been kept in touch with the proposals for, and progress of, 
the work; and officers of one department have been enabled to assISt those of 
another in their particular work. 

271. As a result, this project represents either the unanimous views of all 
officers and departments concerned, or the accepted compromises where differences 
()£ opinion formerly existed, and it is believed that all local officers are prepared 
to accept and recommend the proposals now subInitted. 

272. As regards the Revenue side of the matter, the deputation of Mr. Baker, 
I.C.S., a Senior Collector, on special duty, assisted by Mr. Lane, Executive Engineer, 
and by Mr: Tamhane, Agricultural Department, to thoroughly investigate the 
Revenue and Agricultural features of the project, has resulted in their joint report 
to Government, giving their recommendations for duties, intensities, and rates of 
assessment, which have been duly endorsed by conferences of officers of all depart
ments and by the Commissioner in Sind; and have been accepted by the Govern
ment of Bombav in their Public Works Department Resolution No. W.l.-11055. 
dated the 20th' August 1919, see Volunle XX of this Project. 

SECTION II. 

List of Conferences held to discuss the Barrage and Canal Projects. 

273. The following conferences were held and copies of the Minutes of 
Proceedings, as far as available, are printed at the end of Report by Messrs. 
Baker and Lane, Volume XX. Copies of notes, etc., by the Inspector General 
(If Irrigation in India are given in Appendix D, Volume VI. 

March 1915. 

Conference at Karachi to discuss technical mattem, attended by :-
Mr. M. Nethersole, e.s.l., Inspector General of Irrigation in India. 
Mr. H. F. Beale, Chief Engineer and Secretary to Government, Bombay. 
Mr. G. Mce. Harrison, Chief Engineer in Sind. 
Mr. F. St. J. Gebbie. Superintending Engineer, Indus Right Bank Division. 
Mr. R. T. Harrison, Superintending Enginet'r, Indus Left Bank Division. 

1---· I' 
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March 1917." 

Conference at Sukkur and Karachi'to discuSs technical matters, attended by :~ 
Mr. T. R. J. W &rd, C.I.E., M. V .0., M.I.C-E~ Inspector Generl!i of hrigation in India . 

. Mr. F. St. J. Gebbie, Chief Engineer and Secretary to Government, Bombay. 
Mr. F. Wright, Chill( Engineer in ,Sind. 

19th January 1918. 

Conference at Karachi to disc~ Revenue and ,Agricultural aspe~ts, attended, by :-, 

The Honourable Mr. H. S. Lawrence, C.S.I., I.C.S., Commissioner in Sind. 
Mr. T. R. J. Ward, C.I.E., M.V.O., M.I.C.E., fuspector General of Irrigatio~ in India. 
Mr. F. St. J. Gebbie, Chief Engineru; and Secretary to Government of Bombay, Public 

Works Department. " , " 

Mr. F. Wright, Chief Engineer in Sind, Public Works Dep~ent.' 
Mr. C. M. Baker, I.C.S., Collector, on specia.l dutY. 
Mr. G. S. Henderson, Imperial Agriculturist. 
Mr. W. Roberts, Principal and Professor of Agriculture, Lyallpur. 
Mr. C. M. Lane, Executive Engineer, on special duty. ' 

20th January 1918. 
: I '" ~ 

Conference at Karachi to Q,iscuss ~evenue ,and, Agricultural aspects, attende~ by (-

The Honourable Mr. H. S. Lawrence, C.S.I;, I.e.S., Commissioner in Sind. 
Mr. G. S. Henderson, Imperial AgricUlturist. 
Mr. W. Roberts, Principal and Professor of Agriculture, Lyallpur. 

30th N ovemher 1918. 

Conference at Karachi to discus. Revenue and Agricultural aspeo1is of the p,roject, attended 
by:-

. ,I J .1; , ' 

The Honourable. Mr. ,R S. ,Lawr~c~1 ,C.,Sl~")'C,S,,, Qo~s&on~ in Sl'ld. 
Mr. T. R. J. W"i"~' C:I.E., )'d.V.O., I\U,.C.E., In\lpector General.of Irrigation in India. 
Mr. F. St. J. Gebbie, Secretary to Government of Bombay, Public Works Department. 
Mr. F. Wright, Chief Engineer in Sind,Public Works Department. 

,Mr., C.,M.Baker, I.O.S.,. Collector, on special d.uty, , ' ,i , ) 

.Mr. G. S. Hend~ ... on, .Agri~ultura\ Controller. ',I , 

Mr., C.M .• Lan~" E><;ecutive Engineer, .on special ,duty., ,I 

, Mr. A.. A,. Musto, ;Executi'!e Engineer,Sukku;r Barrage. " 
1,' ,.' • '. .' '.:'. ""j ." _ •. , 

'. ',.,1 I j , I 

'.",1 ~rdFe!nua,,!!1919,., 
Conference at Karachi to discuss Revenue and Agricultural aspects of the Project, attendeil 

by:-
The Honourable Mr. H. S. Lawrence, C.S.I., I.C.S., Commissioner in Sind. 
Mr. F. St. J. Gebbie, Secretary to the Government of Bombay, Public Works Depart-

ment. 
Mr. F. Wright, Chief Engineer in Sind, Public Works Department. 
Mr. C. M. Baker, I.C.S., Collector, on special duty. 
Mr. C. M. Lane, Executive Engineer, on special duty. 
Mr. A. A. Musto, Executive Engineer, Sukkur Barrage. 
Mr. T. F. Main, Deputy Director of Agriculture, Sind. 
Mr. V. A. Tamhane, Agricultural Chemist. 

MarcA1919. 

Conference at Government House, Karachi, to explain Mr. Musto's proposals for nut... 
Branch, attended by :-

The Honourable Mr. H. S. Lawrence, C.SJ., I.C.S., Commis&oner in Sind. 
Mr. A. A. Musto, Executive Engineer, Sukkur Barrage. 
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24th March 1919. 

Conference at Karachi to discuss the ,Khirtsr Branch for Nasirabaa, attended by:

The 'HonoUrable Mr. H. S. Lawrence, C.s.I.,I.C.S., Commissioner in Sind. 
The Hdn(jura;ble Mr. F. W. Johnstone, Revenue and J udicialCommisoioner, Baluchistan. 
Mr. A. A. Musto, Executive Engineer, Sukkur Barrage. 

May 1919. 

Conference at Karachi to discuss Khirtar Branch for Nasirabad Tahsil, attended by;-

. Mr. H. O. B. Shoubridge, M.I.C.E., Chief Engineer in Sind. 
Mr. V. M. Griffiths, Superintending Engineer, Indus Right Bank Division. 
Mr. R. MacGregor, Irrigation Officer, Baluchistan. . 
Mr. A. A. Musto, Executive Engineer, Snkkur Barrage. 
Mr. C. M. Lane, Executive Engineer. on special duty. 

January 1920. 

Conference at Karachi to discuss technical matters and questions of establishment, attended 
by:-

Mr. T. R. J. Ward, C.I.E., M.V.O., M.I.C.E., Inspector General of Irrigation in India. 
Mr. F. St. J. Gebbie, Secretary to Government of Bombay, Public Works Department. 
Mr. H. O. 'E. Shoubridge, M.I.C.E., Chief Engineer in Sind. 
Mr. A. A. Musto, ·Executive Engineer, Snkkur Barrage. 

81h Apt'iI1920. 

Conference at Karachi to discuss Began Rice Branch, attended by;-

The Honourable Mr. P. R. Cadell, C.S.I., C.I.E., I.C.S., Commissioner in Sind. 
Mr. V.M. 'Griffiths, Chief Engineer in ,Sind. 
Mr. H. Montgomery, I.C.S., Collector of Snkkur. 
Mr. J. W.Smyth, 1.C:S., Deputy-Commissioner, Upper Sind Prontier. 
Mr. A. A. Musto, Executive Engineer, Sukkur Barrage Project. 

June 1920. 

Conference at Karachi to discU8S final project and finaJ1ci .. 1 for_ts, attended by;

The Honourable Mr. P. R. Cadell, C.S.I.,C:1.E., I.C.S.,Commissioner in Sind. 
Sir T. R. J. Ward, C.I.E., 'M.V.O., ·M.I.C.E., "Inspector General of Irrigation in India. 
The Honourable Mr. H. O. B. 'Shoubridge, M.I.C.E., Secretary to Government of 

Bombay, Public Works Department. 
Mr. A. A. Musto, Executive l:ngineer,Sukkur Barrage Project. 



69 

PART IX. 
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SECTION I. 

Summary slwwin!J Net Financial Results. 

(l) Total Cost of Works-Direct 
(b) Total Cost of Works-Indiret 
(0) Total, Direct and Indirect .. 

(d) All.works completed in year from commencement .. 
(e) Work becomes productive in years from commencement of 

work 
(fl Accumulated arrears of interest up to year (e) . •• 
(q) Total Capital invested in year (e) 

(h) Net Revenue due to improvement., in year (e) 
(i) Interest paid in year (e) 

(j) Total Capital invested 
Tenth yetJ'/' after cmnplelion of work. 

(k) Net Revenue due to improvements 
(I) Interest paid 

(m) Total Capital invested 
Twf1llieth yetJ'/' after completion of work. 

(n) Net Revenue due to improvements 

(0) Interest paid 

(P) Total Capital invested 
Thirtieth yetJ'/' after complelion of work. 

(q) Net Revenue due to improvements 
(r) Interest paid 

78 
79 

CombioE'd Project, 
viz .• Barrage. and Right 

and Left Bank CBo.a.! Systems.. 

154,625,552 

5,338,825 
159,964,371 

Eleventh. 

Fourteenth. 
;l3,627.160 
183,591,531 

9,402,085 

5'1 per cent. } 
Third year after 
completion. 

159,964,377 

13,967,582 

8' 2 per cent. 

159,964,371 
18,851,844 

11 . 8 per cen~. 

159,964.377 
22,146,430 

13' 8 per cent. 
(s) All accumulated arrears of interest will be wiped out in year 

from commencement of Work •• End of 21st year 
(I) All Capital wiped out in year from commencement of work .• End of 34th year 

CuUiootim •. 

(Il) Present tultivation iI; acres 
(u) Cultivat,ion in year (e) when work becomes productive .. 
(w) Ultimate anticipated cultivation in 30 years after completion .. 
(x) Total Culturable area •• 
(y) Total Groos commanded " 

H 1135-18 

Acres. 
2,035,636 
3,288,929 
5,308,408 
6,529,705 
7,494,077 

Percentage. 
31 per cent. 
50 per cent. 
81 pel cent. 

100 per cent. 
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SECTION II. 

General abstract by heads of cln.ssifical,Um showmg cost of all O_1f and Barrage 
. (including Head Rf'{IUlators). . 

Bea.ds of classification. 

Total--I Works 

n Establishment 

ill Tools and Plant 

. Right Bank i 
Rohri Canal Ca.naI8includ~ I Barrage in-
(Section II, iog Mancbar Eastem Nara eluding Head 

Part X. Regula.torand Canals. , Regulaton TotaL 
VoL VII). Drain (Sec- (VoL IX.): (Page 4, Vol. 

tioD II, Part III). 
X, Vol. VIII). 

Ro. Ro. Ro. Rt no. 
3,26,70,277 4,90,83,973 1,89,75,135 2,35,34,600 12,42,63,985 

64,03,525 

5.82.139 

97,13,362 

8,83,034 

38,85,407 65,98,606 2,56.00.800 

3,53,218 43,82,176 62,00,567 

________ T_ot_&I_,_A_D_i'.'_cl_-+_3_,9_6,_5_5,_94_I.,.I_5_,9_6_'8_0_'3_69-i1_2_'3_2_'1_3,7601 3,35~1.~2821 
9,35,98°1 

13,59,891 1 

15,60,65,352 

Capitalization of abatement of Land Revenue 

Leave a.nd Pension aJlowances .. 

ToW, B-Indirut 

Total, Direct and Indirect 

Deduct ohare of coat of Barrnge only payable 
by Khairpnr State . . . . 

6,08,970 

8,96,493 

15,05,4631 

3,13,740 

5,43,957 

66,290 

6,13,504 

19,24,980 

34,13,845 

53,38,825 22,95,8711 8,57,6971 6,79,7941 

~.----+-----+-----
4,11,61,404 6.19,76,240 2,40,71,457 3.41,95,076 16,14,04,17'1 

14,40,000 

Net cost of works (Direct and Indirect) charge""ble to British Govemment. 15,99,84,177 
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.. 
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SECTION II. 

Financial Statements. 

PART I. 

Summary of the estimated dire'l charges to CapiJ4l A.o~ount. 
(For details see Statement A.) 

I Leas receipts Establish-

I 
Tools and Works. ment. Plant. Total on Capital 

Aocount. 

2 3 5 6 

Ra. Ra. Ra. 'Ra. R •. 

.. 33,68,398 4,21,336 47,88,560 85,78,294 · .. , 

.. 73,79,748 16,10.336 79,24,474 1,68,14,ljf;8 . ... 

.. 1.21,73,924 19,10,336 7,81,864 1,48.66.124 . ... 

.. 1,40,60,070 29,18,336 5,38.744 1,75,17,160 · ... 

.. 1,71,39.132 32,53,056 5,59,744 2,09.51,932 · '" 

.. 1,79.84,268 31,34,534 -19,40,998 1,91,77.80< .. " 

.. 1,39,31,187 21,97,720 -25,69,614 1.35,59,293 3,00,000 

.. 1.49,27.090 24.60,000 -32,13,770 1,41,63,329 4,00,000 

.. 1,37,79,196 28,41,757 2,14,524 1,68,35,477 "19.40,000 

.. 87,59,613 19,50,000 I,55,DOO 1,08,64,613 6,00,000 

.. 49,93,984 14,58,127 1,33,012 65,85,123 8,00.000 

.. 9,46,521 3,38,932 45,367 13,30,810 10.50,000 

.. -4,55,842 .... . ... -4,65,842 10,73,313 

Net Total. 

7 

Ra. 

85,78,294 

1,68,14,lJ68 

1,48.66,124 

1,75,17,150 

209,51,932 . 

191,77,804 

132,59,293 

137,63,329 

148,95,477 

102,64,613 

67,85,123 

2,80,810 

-16,29,181 

Total .. 12,89,87,2981 :2,43.84.470 74.16,8971 16,07,88,665! 01,63,3131 15,46.25,35! 
; 

, 
• Thi. amount i. made up of Re. 5,00,000 recoveries from watercounea aDd Rs. i4.40,OOO payable by Khahpor 

State. . ' 



Works. 

Sukkur Ba.rrage 

Rohri Ca.na.l 

Ea..o;tem Nara. 

Right Ba.nk Ca.nals ., 

Manchar 

Total 

E.t.bl;'hmem. 

Sukkur Ba.rrage 

RohriCanal 

Eastern Nara. 

Ri£ht Ba.nk Ca.n~l!4 ., 

Manchar 

Total 

Tooz., and Plane. 

Sukkur BalT88e 

RohriCanal 

Eastern Nara. 

Right Bank Canals .• 

Ma.nchar 

Total 

72 

STATEMENT 

Accompanimem to Financial 

Details of 

I Preliminary. I 1st y •• r. I 2nd year. I 3rd year. 14th year. 1 5th year. 

Rs. 

26,62,398 

7,06,000 

33,68,398 

3,61,336 

60,000· 

4,21,336 

47,76,060 

12,000 

Rs. 

40,29,748 

10,00,000 

10,50,000 

13,00,000 

R •. 

70,23,924 

14,00,000 

1050,000 

27,00,000 

Rs. 

34,80,070 

45,00,000 

10,50,000 

39,00,000 

11,30,000 

Rs. 

32,56,430 

46,69,356 

15,33,346 

52,30,000 

24,50,000 

Rs. 

26,10,148 

48,09,574 

17,75,000 

61,48,401 

26,41,145 

I 73,79,748 1 1,21,73,924 1 1,40,60,070 1 1,71,39,132 1 

--'-----'----'----
1.79,84,268 

8,70,336 

1,20,000 

4,00,000 

1 15,10,336 

77,74,474 

1.00,000 

20,000 

30,000 

8,70,336 

2,30,OCO 

2,10,000 

6,00,000 

I 19,10,336 I 

6,61,864 

50,000 

2O.00!> 
50,000 

8,70,336 

8,00,000 

2,10,000 

8,00,000 

2,38,OCO 

29,18,336 I 

3,06,744 

50,000 

20,000 

80,000 

... , 32,000 
I 

6,31,056 

8,00,000 

3,10,000 

10,00,000 

5,12,000 

32,53,056 1 

3,56,744 

50,000 

30,000 

80,000 

6,31,~56 

8,00,000 

3.qO,OOO 

8,00,000 

5,53,478 

31,34,534 

-21,59,496 

50,000 

00,000 

70,000 

38,000 48,498 
I 

47,88,560 I 79,24,474 I 7,81,864 ! 5,39,744 I 0,59,744 I -19,40,998 

Grand Total _'_'i--_85_'_78_'_29_4--i1_1_'6_8_'_14'5~~I~~~6'I2~t~5'1~,150 12,09,51,932 

I 
! I : i 

1,91,77,804 

Le8' rtctipt,8 on 
Accoun'. 

Rohri Ca.nal 

Cnp;tal : 

"I 
! 

i 
, 
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A. 

StatemefllB Part 1. 

annual expenditure. 
, 

I I f 10th year. I 12th yea~. I 6th yea-r. I 7th year •. 8th year. ,9th year. 11th year. Total. 

, 
Re. Re. Re. Re. B .. Re. Ra. Re. 

7,65,452 -2,93,570 .. . , .... .... .... .. " 2,35,34,600 , , 
65,00,000 48,95,669 39,00,000 39,59,019 20,13,451 7,46,521 .... 3,73.93,590 

20,75,000 . , 27,75,000 26.65,172 20,29,828 21,11,789 8,00,000 . ... 1,89,75,135 

55.90,735 • 75,50,000 72,14,024 27,70,766 8,08,744 -6,00,000 -4,55,842 4,28,62,828 

.... . ... .. . . ... , . .. , .... .... 62,21,146 
, 

1,39,31,187 11,49,27,099 .11,37,79,196 I 87,59,613 I 49,93,984 1 9,46,521 1-4,55,842 112,89,87,298 
-

1,47,720 

9.50.~Q 

4,50,000 

6,50,000 

8,00,000 I 
6,00,000 I' 

10,50,000 '. 15 

7 

6 

I 

.... .... 
,00,000 6,00,000 

,00,000 4,50,000 

,41,757 9,00,000 

.... •. o. 

, , , , . .... .... 

i 4,00,000 2,03,525 

r 4,50,000 1,35,407 

I. 
6,08,127 .... 

r 
.... .... 
... 

21,97,720 I 24,50,000 28,41,757 1 19,50,000 114,58,127 I 3,38,932 I 

-27,29,614: -34,38,770 . . ,. .... .. . , . ... 
50,000 50,000 50,000 50,000 50,000 32,139 

50,000 50,000 4-0,000 30,000 30,000 13,218 

60,000 1,25,000 1.24,524 75,000 53,012 .... 
.... ' •• 0- .... .... .... . ... 

-25,69,6" 1-32,13,770 
1 

2,14,524 I 1,55.000 
1 

1,33,012 45,367 I 

. .. , 43,82,176 ' 

... , 64,03,525 

., .. 38,85,407 

.... 84,09,884 

., .. 13,03,478 
. -- -

I 2,43,84,47() 

.... 55,98,506 

.... 5,82,139 

., .. 3,53,218-

. ... 7.64,536 

. ... 1.18,498 

.... I 74,I6,S97 

1,35,59,293 11,41.63,329 11,68,35,477 11,08,64,603 1 65,85,123 113,30,810 1-4,65,842 116,07,88,665 

3,00,000 4,00,000 5,00,000 6,00,000 8,00,000 10,50,000 10,73,313 61 ... 63,313 
+14,40,000 

Kha.irpur 
Stat.e 

I 15,46,25,352 

H 1135-19 
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SECTION m. 
, 

Financial Statements. 

PART II.-Summary oj the estimated intiirect cAa~qetJ to CapittJl ACOOUnf. 

""pi"""' ... of ........ "" lAo>, Year. Land Revenue and Peneion al- Total. 
abated. lowances. 

Ra. Ra. Ra. 

Preliminary · . · . 89,790 1i8,900 1,48,690 
First · . · . · . 1,29,221 2,11,300 3,40,521 
Second · . · . · . 97,501 2,67,300 3,64,801 
Third · . · . · . 1,03,041 4,08,400 5,11,441 
Fourth · . · . · . 97,501 4,55,800 5,53,301 
Fifth · . .. · . 1,56,497 4,38,607 5,95,104 
Sixth · . · . · . 2,21,317 3,OS,104 5,29,421 
Seventh · . · . · . 3,15,397 3,43,000 6,58,397 
Eighth · . · . · . 3,15,397 3,97,846 7,13,243 
Ninth · . · . · . 2,29,157 2,73,000 5,02,157 
Tenth · . · . · . 1,70,161 2,04,138 3,74,299 
Eleventh · . · . · . .... 47,450 47,450 

Total · . 19,24,980 34,13,845 53,38,825 
I 
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SECTION IV. 

Financial Slalemenls. 

PART III.-Statement showing the estimate of gr(1Wth qf irfoigation and revenue "teCeipts and riJuMoges. 

Revenue Receipts and Charges. 

Gl'OII8 Revenue due to work. I 
Charges both' 

Irriga.ted area. Direct and I Bal&D.ce due to 
Yea-r. at end ofy~r Enha.nced 

Indirect Net revenue improvements 
Statement C. Direct Re. Land Tot .. 

ag&inat col1;UIID 5 Deduct pre. Col. 7 minus 8. 

ceipta State. Revenue columns 
revenue J mmU8 sent net 

mentD. or Indirect 3+ 4. 
acCOUJlt I column 6. revenue. 

Revenue. 
Statement E. 

I 
, 

I 

I I I I . 
1 2 3 4 5 6 7 8 9 

! . 

Ac .... a.. Rs. Rs. Rs. Rs. Rs. a.. 
.. 20,36,636 61.51,691 .... 61,51,691 19,54,210 41,97,481 41,97.481 Nil. 

.. 22,40,142 97,92,631 11,75,000 99,67,631 26,09.044 73,58,587 41,97,481 31,61,106 

.. 23,53,636 1,08,34.944 1,75,000 1,10,09.944 28,06,595 82,03,349 41,97,481 40,05,868 

.. 25,09,391 1,16,87,1241 2,10,000 1,17,97.124 30,09,550 87.87,674 41,97,481 40,90,093 

.. 27,09,937 1,33,76,1011 2,10,000 1,35.86,101 32,87,234 1,02.98,867 41,97,481 61,01,386 

.. 29,84,733 1,55,63,296 2,70.000 1,58,33,296 37,26,797 1,21,06,499 41,97,481 79,09,018 

.. 31,06,429 1~65,85,426 2,70,000 1,68,55,426 38,82,970 1,29,72,456 41,97,481 87,74,975 

.. 31,91,487 1,70.02,816 2,70,000 1,72,72,816 39,85,036 1,32,87,780 41,97,481 90,90,299 

.. 32,76,049 1,74.16,080 2,70,000 1,76,86,080 40,86.514 1,35,99,566 41,97,481 94,02,085 

.. 33,61,404 1,78,33,020 2,70,000 1,81,03,02-0 41,88,820 1,39,14,200 41,97,481 97,16,719 

.. 3',40,289 1,82,52,1516 2,70,000 1,85,22,516 42,84,602 1,42,37,914 41,97,481 1,00,40,433 

.. 36,19,358 .,98.94,749 2,70,000 2,01,64,749 43,78,486 1,57,86,264 41,97,481 1,16,88,783 

.. 35,74,168 2,03.45,690 2,70,000 2,06,15,690 44,44,256 1,61,71,434 41,97,481 1,19,73,953 

.. 36,28,718 2,08,76,037 2,70,000 2,11,46,037 45.09,716 1,66,36.321 41,97,481 1,24,38,840 

.. 36,86,878 2,14,38,524 2,70,000 2,17,08,524 46,79,508 1,71,21,018 41,97,481 1,29,31,535 

.. 37,41,078 2,25,39,611 2,70,000 2,28,09,611 46,44.548 1,81,65,063 41,97,481 1,39,67,582 

.. 38,05,828 2,29,82,688 2,70,000 2,32.52,688 47,22,249 1,85.30.439 41,97,481 1,43,32.958 

.. 38,65,578 2,32.21,593 2,70,000 2.35.91,593 47,93,949 1.87,97,644 41,97,481 1,46.00,163 

.. 39,33,328 2,37,05,598 2,70,000 2,39.75.598 48,75,249 1,91,00.349 41,97,481 1,49,02.868 

.. 39,97,078 2.40,66.696 2,70,000 2,43,36,69. 49,61,749 1,93.84,946 41,97,481 1,51,87,4:66 

.. 40,60,828 2.44.22.950 ' 2,70,000 2.46.92.950 50,28,249 1.96,64.701 41,97,481 1.54.67,220 

.. 41,37.819 2.53.75.292 2.70.000 2.56.45.292 51,20,638 2,05.24,654 4],97,481 1,83,27,173 

.. 42,28,564 2,59,39,241 2,70,000 2,62,09,2411 52,29.652 2,09,79,589 41,97,481 1.67,82,180 

.. 43,21,880 2.66,69,788 2,70,000 2,69,39,788
1 

53,41,fHl 2,16,98,277 41,97,481 1,74,00,796 

.. 4,,19,019 2.76,69,736 2,70.000 2.78,39,736 54,68 .. 078 2,23.81,668 41.97,481 1,81,84,117 

45,24,164 2.83.63,577 2,70,000 2,86,33,577 65,84,252 2,30,49,325 41,97,481 1,88.51.844-
+ 3,66,066 

.. 63,08,'08 3,25.99.356 2,70,000 3,28,37,256
1 

60,25,445 2,63,43,911 41.97,481 
per year. 

2,21,46,430 
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STATEMENTS C, D AND E. 

Statement showifIfJ the Annual Ol.lltillatWn and Revenue Forecast and WorkifIfJ Expeme8. 

1 Present. 17th year. 1 8th year. 1 9th year. I lOth year. I 11th year. I 12th year. I 13th yaer. 

Total OuUivalion. Acres. Acres. Acres. Acres. Acres. i Acres. 

I 
Acres. Acres. 

Rohri Canal 657,300 745,300 754,900 808,500 832,900 , 995,300 1,024,100 1,054,500 
" 

Ea.stem N ara " 484,679 560,160 603.550 676.950 740,350 I 783.760 809,650 935,500 

Right Bank .. 893,657 934,692 995,186 1,023,941 1,136,687 i 1,20.;,683 1,272,679 1,301,437 
Manchar .. Nil. I 

Nil. .. .. .... ~.' . I . ... .., . .., . , 
, I , 

1 

1 

, 
Total .. 2,035,636 

1 

2,240,142 2,353,636 2,509,391 I 2,709,937 ! 2,984,733 3,106,429 3,191,487 
1 

1 
Ra. Ra. Total Gr088 Reve1&Ue. Ra. R •. R •. Ra. ,Ra. Ro. 

l\ohri Uanal .. 18,96,000 26,70,330 27,18,058 31,54,717 32,26,309 44,02,489 47,46,460 48,99,985 
J!,B;Ste~·D ~ ara . .. 15,04,139 30,42,950 ~3oo 37,17,650 39,78,000 41,98,350 43,32,700 44,67,050 
.L1.ight. Jiank .. 27,51,552 42,54,351 47,89,586 49,24,757 63,81,792 72,32,457 77,76,266 79,05,781 
Ma.ncDar .. Nil. }lil. " .. . ... . ... .... . ... .., . 

Total .. I 61,51,69i' 99,67,63! 1,08,09,9441 1,17,97,124 1,35,86,101 
1 

1,58.331296 1,68,55,426 1 1,72,72,816 

, 
Working E;cpen.8u. 

RobriCanal .. 6,31.008 8,63,485 8,R5,205 9,64,564 9.91,328 12,70,760 13.05,320 13,41,800 

EaetemNam " 4.65,292 6,52,180 7,24,260 ~,12,340 8,8S.420 9,40,500 9,71,5RO 10,02,660 

Right Bank .. 8,57,910 10,93,379 11,97,130 12,32,646 14,07,486 15,15,537 16,06,070 16,40,576 

Manchar ," Na. Nil. .... .. .. . ... 
! 

. .,. .. , . 

Total .. 19,54,210 I 26,09,044 I 28,06,595 I 30,09,550 , 32,87,234 I 37,26,797 3,882,970 I 39,85,036 

lndiuel Rtuipts. I 
Rohri Canal .. Nil. 40,000 40,000 70,COO I 70,000 ' 1,20,000 1,20,000 1,20,000 

Ea .tern N ara .. ,Nil. Nil. .... .... 
I 

. ... . ... . ... . ... 
Righ' Bank .. Nil. 1,35,000 1,35,000 1,40,000 1,40,000 1,50,000 1,50,000 1,50,000 

Ma.nchar .. N,I. 1\·il. .... . ... 
I 

" .. . ... .... .., . 
1 

Total .. ..- . I 1,75,000 I 1,75,000 
1 

2,10,000 I 2,10,000 I 2,70,000 I 2,70,000 I 2,70,000 

r 
! 14th year. 1 15th year. 1 16th year. 

I I 17th year. i18th y.ar. I 19th year. /2Oth year. I 21st year. 

I 
Acres. Acres. Acres. TotalOullivation.. Acres. Acies. , Acres. Acres. Acres. 

RnhriCanai .. 1,084,900 1,116,100 1,141,300 1,175,080 1,193,260 1,212,060 1,232,500 1,255.000 
Eastern N ara .. 860,950 886,350 911,350 935,750 966,150 995,550 1,023,950 1,052,350 
Right Bank " 1,330,199 1,358,954 1,387,639 1,408,528 1,414,758 IJ421 ,088 1,430,428 1,433,728 
Manchar .. .. .. . ... .... .. .. '" . . ... . . ,. . ... 

Tot.1 3,276.049 3,361,_ I 3,440,289 3,519,35ij 3,574,168 3,628.718 3,686.878 3,741,078 .. I 
! 

I Total Gr0ll8 Reuen-lU. i &8. &8. Ra. R •. Ra. Ra. Ra. Ra. 
Rohri Canal "I 50,51,035 52.06.904 53,63,419 57,46,478 58,70,111 61,09,378 62,35.215 67,67,786 
Eastern Nara .. I 45.99.400 47,31,750 

1 
48,62,150 55.67,150 57,37,650 60,05.650 64,19,650 65,93,650 

Right B.nk ": 80,35,645 81,64,366 

1 

82,96,947 86,51,121 90,07,929 90,31,009 90,53,659 94,48,178 
Manchar .. : ... . . ... .... . ... .. .. . ... . ... . ... 

I 
1 185,22,516 1 206,15.690 

i • Total . . \176,86,090 181,03,020 201,64,749 211,46.037 1 217,08,5.4 228,09,61 , 

Wcwking Ezper&8e11. 
13,78.230 14,15.600 14,45,960 14,86,496 I 

Rohri Canal .. 
I 

15,08,312 15,30.896 15,55,400 15,82,400 
Eaetem Nara .. 10,33,140 ]0,63,620 10.94,620 11,22,900 11,59,380 11,94,660 12.28.740 12,62,820 
Right Bank "I 

16,75,094 17,09,600 ]7.44,022 17,69.089 I 17,76,564 17.84,160 17,75,368 17,99,328 
Mancha.r .. .. .. .... . ... . ... 

I 
... . . ... . ... . ... 

. -----
-~" .. I 4&;8&,61+, -.4lo,~ ~84,_ I ~4.8l>, '1-44,44,~ , ,46,09;11& ,40, 711,1i08 I 46,44,548 

1 ndired Receiplll. I I 
RohriCanal .. , 1,20,000 1,20,000 1.20,000 1,20,000 1,20,000 1,20.000 1,20.000 1.20,000 
Eaatom Nara .. . ... ... . . ... . ... .. .. .. .. . ... . ... 
Right Bank 1.50,000 1.50.000 1,50.000 1.50.000 1.50.000 1.50.000 1.50,000 I 1,50.000 
Vanehar ... . ... . '" . . ... .. .. . ... . ... . ... 

Total 
, 

2,70,000 
1 

2,70.000 , 2,70.000 
1 

2.70,000 2,70,000 I 2.70.000 
1 

2.70.000 I 2,70.000 "i 
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STATEMENTS C, D AND E-<:oncld. 

Staleme1It a1wwing the A .... ual ""ltifXJtion fJ'TIIl,..-nueforetXl8l fJ'TIIl, Working Ezpefl8B8. 

To/al CuUiuali<m. 
Rohri Canal .. 
Eastern Nara. .. 
Right Bank .. 
Ma,aoha;r .. 

Total .. 

'ro"" GroI3 RetlfAvl. 
Roh:ri Canal .. 
Fastem Nara ,. 
Right Bonk .. 
Ma.nchar .. 

Total .. 
W nr,ti,.., EzpmIJu. 

Rohri Canal .. 
Eastern Nara .. 
Right Ba.nk .. 
Manchar .. 

Total .. 

17wlirtcl Receipt8. 
Rahri Cana.l .. 
E8IItem Nara. .. 
Right Bank .. 
Ma.noha.r .. 

Total .. 

-- --

TOIal Oul!ivaUoa. 
Rohri Can .. l .. 
Ea.stem Nar& .. 
Right Bank .. 
Ma.ncha.r .. 

Total •. 

-

TotaE GrOIa Rnren.",-
Rohri Canal .. 
Eastern Na... ... .. 
Rigbt Ba.nk .. 
~a.nohar .. 

TotaJ .. 
-

Working ExpeMu. 
Rohri Canal .. 
Eastern Na.ra. .. 
Right Bank , .. 
Mauch .... .. 

Total .. 

/ .. iir«4 Receir' 
Robri Cana. 
Euoom N&ra 
Right Bank 
M&nch&r 

Total 

... 1135-10 

1 2200 year. l23rd year. l24th~. 26th year. 26thy ..... 
.. -. __ . 

I 
1 

I 

Acree. Aoree. I Aore.. Ac ..... Acres. 
1,284,500 1,310,000 1,343,000 1,373,000 1.402,500 
1,081,300 1,109,250 1.137,200 1,165,150 1,193,100 
1,440.028 1.446,328 1.452.628 1,458,928 1,46.;.ll28 

.. .. .. .. . -.. .... . ... 
-

3.805.828 3,866,578 3,933,328 3,997,078 I 4,060,828 

- 1 

&S. Ro. Ro. Rs. Rs. 
69,40,210 70,89,835 72,85,060 74,57,485 76,29,910 
67.68,450 69,35,250 71,02,050 72,68.850 74.35,660 
95,44,028 95,66.508 

1 

95,88,488 96,10,360 96,27,390 
.. .. . ... .... .... _ i" • ~ • 

1 - . .~- . 

232,52,688 235,91,593 239,75,59S 243,36,695 246,92,960 

-

16,17,800 16,48,400 '16.88,600 17,24,000 17,69.400 
12,97,560 13,31,100 13,64,640 13,98,180 14,,31,720 
18,06,889 18,14.449 18,22,009 18,29,669 18,37,129 

. ... . ~ .. .... 0', •• .... 
.. 

47,22,249 47,93,949 48,75.249 49,51,749 
i 

60,28,249 

1,20,000 1,20,000 1,20,000 1,20,000 1,20,000 .. .. .... .... .... o ••• 

1.,!W.~ 1,50.999 __ .J,~.Q9Q_ . ___ 1",50 .. 990 - _1,.,.50,000 . 
'0 ., .. -, .... .... o ••• 

2.70,000 ~70,000 I 2,70.000 2,70,000 2.70~OOO 

28th, year. I 29th yea,·. 
I 

I I~~~·ar·_ 
31st year. 

-- - ~ -.-._--- .---;- - --- --- -- ---- --~-, 
ACreB. Aoftll. i Acres. Acres. 

1,474,320 1,514,360 1,558,300 1,610,300 
1.247,900 1,275,660 I 1,303,100 1,330,650 

I 1,506,344 1,631,970 1,557,619 1,583.214 .... . ... I . ... . ... 
~ .- -I 

4,228,564- 4,32J,88O 4,419,019 4.524.164 I _. __ .'_0' -- .. _-- _._. -

I Roo I Ro. Ro. Ro. 
80,76,448 I 84,43,433 86,67,880 90,15,010 
80,22,825 82,41,076 85,22,376 86.89,676 

101,09,968 102,56,280 1,06,49,481 1,09,28,892 .... .... . ... . ... , 

I 
262,09,241 269,39,788 I 2,78,39.736 2,86,33,577 I 

-I 
18,45,704 18,93,632 19,46,360 20,08,760 i 14.97,480 15,30,660 16,63,720 15,96,780 

I 11 18 .. 86,468 19,17,219 19,47,998 19,78,712 . ... . ... . ... , .... , 
-- ----I 

52,29,652 53,41,611 t54,58,078 55,94,252 I 

1,20,000 1.20,000 1,.20,000 1,20,000 .... .... . ... . ... 
1 .. 50.00~ 1,50.000 1,50,000 1.50,000 .... .... . ... . ... ---
2.70,000 2,70,000 2.70,000 9,70,000 

• PleMe read thiI III 55,58,078. 
t If I, If 66,25.44.6. 

27th year. 

Ac .... 
1,436,960 
1,220,250 
1,480,609 

. ... 

4,137,819 

I Ro. 
78,76,739 
78.55,675 
99,12.978 . ... 

I 256,45,292 

I 18,00,752 
14.64.300 
18,55,586 . .. ~ 

51,20,638 

-----

1,20,000 . .... 
. 1,5Q.Q90 __ -. ... 

I 2,70,000 

40th year. 

Acres. 
2,053,300 
1,529,960 
1,725,158 . ... 

-

5,308,408 
_. . __ . 

Ro. 
1,11,42.915 

98,89,475 
i1,18.04,866 . ... 

3,28.37,256 

25,40,360 
18,36,040 
22.49,045 . ... 

-65,25,446 

1 .. 20,000 . ... 
1,50,000 . ... 
2,70.000 



SECTION V. 
Financial Statements. 

PART IV .-Estimate of netji~anciIJ:l resu~ u~ to the year w":.n ~~~_~~ product", •. 

I
SimPle inter- Net Reve- I ! 

. cent. on capl. . I est at.5 pe~ nue metud-I I 
Direct Capita.! ~tal outla to JOg eD- . . 
outla.y during Direct Capital d f Y. hanced Simple mter'lNet Revenue 

"Y~r. the year-Part I outlay to end n 0 pre~l' land reve-I eat less net less simple Rerual"\cs. 
"L I of year. I °hu8lfyeartlP UB nue C1. 9

1 

Revenue. 1 interest. 

l
800uay fPrt 

I during the 0 II;. 
year. 

--~ .-- -------
2 3 4 5 L 6 7 8 

_L ---_. -...,---

I -Rs. Rs. Rs. Rs. Rs. RI!. , 

PreIiminMY .. 85,78,294 85,78,294 . 1,14,457 2,14,457 
Firat Year .• 1.68,14,558 2,53,92,852 8,49,279 8,49,279 
S::>.cond 1,48,66,124 4,02,r)8,976 16,41,296 16,41,296 
Third .... 1,75,17,150 6,77,76,126 24,50,878 24,50.878 
li'ourth . 2,09,51,932 7,87,28,058 34,12,604 34,12,~~~ 
Fifth 1,91,78,004 9,79,06,062 44,15,852 44,15,8 
Sixth .. 1,32,59,293 11,11,65.355 52,26,785 52,26,785 
Seventh 1,37,63,329 12,49,28,684 59,02,351 31,61,106 27,41,245 
Eigh h 1,48,95,477 13,98,24,161 66,18,821 40,05,868 26,12,958 
Ninth 1,02,64,613 15,00,88.774 72,47,823 45,90,093 26,57,730 
Tenth 67,86,123 15,58,73,897 76,49,067 61,01,386 15,47,681 
Elevent.h 2,80,810 15,61,54,707 78,00,715 79,09,018 1,08,303 All worke 

Twelfth 15,29,15 15,~~,.2.5,552i 77,69,506 87,74,975 10,05,469 
complet.e. 

" .. 
Th.irteenth .. 77,31,278 90,90,299

1 
13,59,021 

Fourteenth ,. .. I 77,31,278 94,02,085 16,70,807 

I I 2,77,70,760 41,43,6OOi 

2,36,27,160/ j Accumulated arrea.rs of simple interest' 

Definiiion of productive Public Works. 

Article 393, To admit of a work being classed at a Productive Public 
Work th~ following conditions must be satisfied.' 

(a) There must be good reason to believe that the Revenue derived from it will, within 10 
years after the prohable date of its completion, repay the annual interest on the Capital invested 
calculated at 5 per cent., but in preparing a Project for sanction no deduction is to be made 
from the total capital0utlay on account of anticipated excess of Revenue over Simple Interest. 

NOTE.-Ca.pitai investe~ includes (1) Direct Charges (2) Indirect ch&l'g~ and (3) all arrears of simple jnt~rest. 
if any, i.t., balance of total mteJ'eltt over total net Revenue. . 

(P. W. D. Code, Chapter V. Tenth Edition.) 

Financial Statements. 
SECTION V. 

Pari V-Recapitulation. 

< 1) Direct charges, including share of Barrage as per Part I 
(2) Indirect charges as per Part II .. 
(3) Accumulated arrears of simple interest as per Part IV 

Tot.a\, Capital invested 
Revenue derived in 14th year (i.e., three years after completion of works) vide 

column 5 of Part IV 
f R 94,02,080 

Percentage a eturn = 18,35,91,537 = 5'l per cent; 

R •. 
15,46,25,552 

53,38,825 
2,36.27,160 

-1Ii,35,91,537 

Therefore the work is productive in terms of Article 393 of Public Works Department Code 
Cba pter V, 10th Edi tion. ' 

NOTB (i).-The percentage of return at the end of tint ten ye&r8 after oompletion on total capital 
'. d 1.39.67,582 . 

IOveate = 15,99.64,377 = 8' 2 per cent. 
Do. do. 

d te 1,88,51.844 
secon n yean =:I -i5.99.64.37i '= ]1'8 per cent. 

Do. . . . <!o. 
th 'r<! te 2.21.46.430 

I n years = = 13' 8 per cent. 
15.9f1,64.377 

NO'l'JI (Ii).-The whole ?f the accumulated interest will be wiped oil by the 1md of 21st yean. i.e., 10 
yearl!l after completion. 

--won (iii),-TII~ whol.o1 the oapittrl (Direct ond ftlc'!rrectl"'l1 be Wiped out by'theendof 3£th ye .. ·· .. '.e., 23 yeal'l after completion (~de Sta.tem'Cnt ~). . • 



16th 

16th 

17th 

18th 

19th 

20th 

21st 

22nd 

23rd 

24th 

-25ti> 

26th 

27th 

28th 

29th 

30th 

31st. 

32nd 

Yoar. 

33«1 

34th 
Indireot 

35th 

36th 

37th 

38th 

39th 

40th 

79 

Financial Slatemanla. 

STATEMENT, H. " o , , 

Statement showing estimate of perioi in which arrears of Uilerest and capital wiU be wiped off. 

Direct outlay. 
SimpJe inteJ'
est on Direct 

outlay. 

Net revenuelN6t Revenue Accumulated ~inO:=~~~t~d Intere&t on 
Col. 9. Part minue simple' arre&r8 of of year Col. 2 balance of 

III. interest. simple inter. lv.t 6 pi"" Rs. tota.1 outlay. 
H.e.uarks. 

.. , 

", 

. :1 

.. 

. ·1 

",{ 

", 

, .. , 

2 

Ro. 

l5,46,2.5,552 

Ui,46,25,552 

15,46,25,552 

1 ;),46,25,662 

15,46,25,552; 

15.46,25,552 

1 5,46,26,552 

14,97,13,132 

14,28,66,531 

13,64,09,6951 

'\-) 7') 77 31"~ .. , ... , , '::;1 

'I 

11 ,84,53, 713j 

1U,89,09,279! 

H,80,27,570! 

8,61,46,8411' , 
7,30,53,3.81 _ 

i;.85,21,879 

4025,96,129 

2,M,08,026! 

72,01,592 
53.38,825 

1,25,40,417 

I 

__ , ,,_ _. _.' - est. 63,38,825. 
, 1 ---'._--_. 

3 4 .5 6 7 _____ 8_1 9 

Ro. Ro. Ro. Ro. R .. 
:2,36,27,160 

77,31,278 97,16,719 19,85,441 2,16,41,7.19 18,35.91.537 5'3 

77,31,278 1,00,40,433 

77,31,278 1,15,88,783 

77,31,278 1,19,73,953 

77,31,278 J ,24,38,840 

77,31,278 1,29,31,535 

77,31,278 1,39,67,582 

74,85,6571 1,43,32,958 

71,43,327 
i 

1,46,00,163 
i 

67,70,4851 1.49,02,868 

63,63,866i 1,51,87,465 

59,22.686: 1,54;67,1201 

54,45,464' 1,63,27;173 

~~,OI,379i 
- 1 

1,~7,~2,108 

43,07,3421 1,74,00,796 

36,52,66ilr--1,8l,84,J:17 

23,09,1551 

i 38,57,505

j 42,42,675 . 

47,07.,562! 

52002571 " , 
62,36.3041 

68,47,301 

74,56,836 

81,32,383 

88~!Z3,599 

95,44,434 

1,08,81,709 

1,18,80,729 

1,30,93,_ 

-l,46,3I,508 

29,26,094, 1,88,51,844 1,59,25,750 

21,29,806 1,92,17,909 11,70,88,103 

12,77,5441 1,96,83,97 

3,60,079, 1,99,50,0391 
IN't Profit. i 
i 70,49,543! 

2,03,16,104: 

2,06,83,1691 

2,10,48,234\ 

::!,14,14,299! 

1 
~,I;.80,3641 

1 

2,21,46,430 1' 

i Every year 
1 onword. I 

1 

1,83,06,430 

1,9.5,89,960 . 

1,93,32.564 

1,64,75,069
1 

1,12,32,384i 

65,2·1,822 

13,24,S65 
I 

18,16.06.096. 

17,92,96,941 

17,54,39,436 . 

17)11,96.7t61 

16,64,89,199 

" ' 

I '16.12.889.~', 
,I 

15,60,5'1,95? ' 
I .' 14,~2,05.356} . I 

14,07 .48~520 

13,26,16,137 

12,37,92,538 

11,92,48,117, 

10,33,66.395 

9,14,85.666 

5'6 

6'5 
'" 

6-S 

'7'4 

7'V 

8' 9' All arrears of 
interest wiped 

\g;., oft, 

,10-2 

11'1 

12'1 

13'3 

"16:5 

~8.0 

21-8 

-- '--2'Ml-' -

6,38,60.704 

4,79,34,954 

3,08,46,8511 

1,25,40,417 

30-0 

38'0 

130'0 All capital in
vested Direct 
and Indirect 
wiped out. 
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PART X. 

LEADING PARTICULARS OF PROJECTS. 

INDEX. 

SECTION I Leading Particulars of Project 

Leadi1lfl Parli£ulars of the Prcdect. 

'R hri C al 'Eastern Nara/ Right Bank 
~ __ o __ . an. Canals. __ I _~a_n~. 

1. Cost of Project-Direct and 
Indirect-including share of 
Barrage 53,604,252 33,338,960 72,922,544 

2. IDtimate Nett Revenue antici-
pated due to Project 1,337,563 7,014,488 7,787,848 

3. Return on Capital Outlay-
10th year after completion 6'1 12'85 7'85 
20th year after completion 10'7 18'15 9'7 
30th year after completion 13'6 21' 0 10'7 

4. Gross Area. Commanded 2,956,518 2,176,49 2,361,085 
Ii. Culturable Commanded 2,535,020 1,873,000 2,131,685 
6. Percentage of" culturable to 

gross 85'5 86'0 90'0 
per cent. per cent. per cent. 

7. Proposed Final Annual cultiva-
tion 2,053,300 1,529,950 1,725,158 

8. Percentage of cultivation to 
cui.turable 81 per 81 per 81 per 

cent. cent. cent. 

PAGES. 

8(}-81 

Total. 

159,964,377 

22,146,430 

8'2 
11'8 
13'S 

7,494,077 
6,539,705 

87'0 
per cent. 

5,308,408 

81 per 
cent. 
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Leading Particulaf'8 of the P"!fect--ilOnclude<l.. 

Kb&irpur Canala. 
I Jamr2 ~it:aol ~pra 

, Canal. Canal. I Canal. 
Rohri 

Canal, 

E. Nara 
Supply 

Channel_ 

N_W_P_ 
Canal_ 

Rice S.B.P. 
Canal. Canal. 

E .. t. I West. 

1---1----I~--I--- --:-; --- 1-- -1-' -- '~-,- -
9. Disoharg<> of Canala at 

head •• •• 2,094 .1.940 

10. Length of Main Canall 
without Distributaries 
miles .. .. 1 12 , I (new ob annel). 

J I. Total length of Branches . . . 

12.. Total length of Distribu-
taries .. .. 

13. Bed width of Canal at 
Head._ __ 

14. Full Supply Depth at 
Cana.l Head .. 

15. Velocity at Canal Head .. 

16. Number of Road Bridges 
on Ce.nai .. .. 

17. A vera.ge distance ap&r1 
miles .. .. 

18. Number of Regulators and 
Fan Regulators ino1uding 
Head Regulator __ 

19. A vera.ge distance apa.rt 
omitting tint 38 miles .. 

20. Number of Falla 

21. Number of Syphona 

22. Number of Acquoduots " 

23. Number of Inspection 
Bungalows (New) .. 

24. Number of Inspection 
Bungalows (Old) • _ 

25. Antioipated Wheat crop .. 

26. Anticipated Rice crop .. 

27. Antioipated Cotton orop .. 

2S. Anticipated Jowar and 
other crop .. .. 

29 Antioipated Increaae of 
Exports .. 

R 11_21 

85' 79' 

9' 9' 

3 

1 1 

10,99B 

205 

203 

2,100 

263' 

13' 

3-26 

60 

9 

20 

7 

1 

26 

20 

12,200' 

I. 
(new 
channel). 

2,406' 2,923 

117. 

63 

86 

46 

-- -481' .- 286 

350' 

11'5' 

3-0 

3 

125' 

8' 

26 

.4-. 

11 

11 

1 

1 

98' 
I 

i 
10' I 

I 
I 

27 I. 

7 

12 

18 

29 

1,423 4,313 

4. 
13 

172 

66' 

7' 

2-48 

97 

117 

363 

16.' I 

g,o' 

I 2-67 
I 

15 i 18 

3-0 I 4-1 

6 6 

7-5 12 

3 , 
, 

2 ' 

12,348 2,787 

87 

294 

I 
48 I 

1 
291' 

12-75' 

18 

6 

13 

1 

3 

1 

46 

20 

I 

140 

30 

294 

98' I 
9-7.' 

2-78 

32 I 

9 

14 

TotaL 

46,672 

806 

766 

202 

57 

13 

9 

9 

• 
90 

69 

935,000 tons 

540,000 tons 

190,000 tous 

675,000 tons 

1,195,000 tons 
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PART XI. 

DIAGRAMS. 

INDEX .. 

SECTION I Diagram showing Anticipated Financial Results 
" II Plate I-Curve for cost of Regulators 
" III Plate 11- Do. Canal Falls 
" IV Plate 111- Do. Fall Regulators 
" V Plate IV-· Do. Road Bridges 
" VI Plate V- Do. Branches 

PAGES. 

82 A 
82 B 
82 C 
82 D 
82 E .. 82 F 
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PART XII. 

SUMMARY OF FINANCIAL FORECASTS FOR ALTERNATIVE COM
BINATIONS AND FOR EACH CANAL SYSTEM SEPARATELY 

GIVEN IN VOLUME XIX. 

Statement showing net financial results. 
----------------,-----------,-~----------

Combined Project and 
M&Dchar. (Without Kala.t 
and Begari Branch~}. 

Without Cess. . 

Combined Project and 
M&Ilchar. (Without Kalafl 

and BegariBranch~ 
With Ceso 01 Ro, 3 per 

acre. 

-------.- -- ----------
Set No. I 2 

------------------~I------- ----- - -,~-
IflCluding ,hare 0/ coat oj BarrUIJe. 

-(G) Total cost of Wor_Direct 63,052,230 

(b) Total cost of Worb-Indirect 0,307,,103 

·(e) Tota.1 Direct .nd Indirect 168,359,333 

(d) All workR completed in year from commencement.. Eleventh. 

(e) Work becomes productive in years from commence- Seventeenth. 
ment of work . 

. (f) AO('1umula.ted arrears of interest up to year (e) 29,895,398 

6,307,103 

168,359,333 

:i;leventh" 

Fifteenth. 

26,106,448 

'(0) Total Ca.pita.l invested in year (8) .. I 198,254,731 : 194,467,781 

.(1r.) Net Revenue due to improvements in year (f:) 10,910,269 1 10,183,869 
I . 

(') Interest paid in year (e) 

1 

5 0 50 per cent, I} 6'23 per omt. 
6th year after completion. 4th yefIJ after ~mpletion. 

r .... h yrnr aJ .... _"""" oj work. 

.(j) Total a.pit.t inv .. ted 

,(k) Net Revenue due to improvements 

.(1) Interest paid 

.(m) Total Capital invested 

-(n) Net Revenue due to improvements 

'(0) Interest paid, 

TMrtidh year after eotnpld1'on oj worll, 

.(pJ Total Ca.pital invested 

{q) Net Revenue dueto impro1'eri1ent!!l 

(r) I ntereeb p\rld. iI' _ 

-r 
..I 
.. I 
"I 

.. I 

.. I 
1 

! 
i 

.-1 

.. I 
,i, I 

" 

181,575,567 

13,261,165 

168,359,333 

18,073,544 

168,359,333 

21,277,331 

12'6 per cent;!' ,I. 

173,278,429 

14,360,665 

8'27. per cent. 

168,359.333 

19,2S.,044 

V.'~. per ~entr 

168,359,333 

22,577,831 

(.)~Il·:.~~u~t..;:rro.rs 01 intere.' will b. ~pe~ ou~ At end 01 24th ye&r. 
in year: .from oom~~cement of ~or~. I~ I ' 

." ;1 J. 
End of 21~t .)oeM. 

\ ' 

.(t) All Capital wiped out in year do. • '/ End of 37th year. End of 35'ih y~~" 

-, ",,'.1 '~'----------I--'-'-~-""--"~' IUcI'~' ----'-
CtJUitfQMR, " I.' ~ 1 Acru. I Ptf'Un/Gfe'I' .Acr..... I" Per/SMlags, \' 

(u) Present Cultivation in aeres "I 1,946.11f 31 per cent. 1,H5,1l4 \ 31 per cent, 

,(.,) Cultivation in year (I'i) wben work becomN pro'l 3.439.726' 55 pel' cent,j 8,439,726 I' 55 per cent. 
ductive~ 

-(to) Ultim&te a.ntit'ipa.ted cultivation in 30 years &Iter! 5,199,437 t 8.1 per cent, 
oompletion. 

1 

6,199,437 I 83 por cent, 

, 

. (~) Total Cult-orable Area 

(y) Total GrOllS Commanded 

6,272,676 100 per oent. 6,272,676 i 100 per cent • 
, 

7,206,48-l i 7,205,_\ 

• 
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Combined Project and I 

Manchar. (With Kalat a.nd : 
Bega.ri Branoboo). Without' 

Cess. I 
1 , 

__ s_e_t_N_o_· ____ -~_-_· __ ~ __ l_·----~-· 
, 

I 

Including 8hare 0/ eod 01 Barrage. 

(a) Total cost of Works-Direct 

(h) Total cost of Works-Indireot' 

170,785,706 

5,615,668 

(e) Total Direot and Indireot . '1 176,401,374 

(el) All works completed in year from commencement ... Eleventh. 

ee) Work becomes productive in years from commence- Seventeenth. 
meot of work. 

(/) Aooumulated arrears of interest up to year <,) 29,243,291 

(g) Total Capital invested in year (e) 205,644,665 

(1) Net Revenue due to. improvements in year (e,> 11,673,708 

Combined Project and 
Manchar. (With Kalat 
and Begari Branches). 
With Ceas of &. 3 per 

aore. 

170,785,706 

5,615,668 

176,401,374 

Eleventh. 

Fourteenth. 

28,477,492 

204,878,866 

10,519,219 

(') Interest paid in ye ... (t) 
"16th 

i 

, 
6'7 percent.l} .1'15 percent, 

Yf!ar after compl~tic,m.! 3~ vear after completio~. 

Tenth year aIiff' completion oj work. 

(j) Total Capital invested 

(.1:) Net Revenue due to improvement8 

(I) I~t.r .. t paid 

Pwentidh yt.ar after completion 0/ work. ' .. 

(m) Total Capital invested 

(n) Net Revenue due to improvements 

(0) Interest paid 

-r 

187,318,714 

14.135,438 

7'5 per cent. 

176,401,374 

19,121,241 

10'8 
i 

per cent. I 

179,493,237 

15,23',938 

8'5 percent. 

176,401,374 

20,331,741 

11' 5 per cent. 

------

Thirlielh year aft« _leti"" ./ work. 

(p) Total Capital inveeted 

! 

..I 
i 

176,401,374 

22,420,670 

176,401,374 

23,721,168 (q) Net Revenue due to improvements 

(r) Interest paid, 
"I .. : 

---------------------1 
12'6 per, <;ent. [ 13'4 percent, 

(8) All accumulated arrears of interest will be 
in year from commenoement of work. 

(t) All Capital wiped out in yea.r do. 

wiped outl End of 23n1 year. 

End of 37th year. 

Aoru. 

(u.) Present Cultivation in aores .• 2,035,636 

(v) Cultivation in year (e) when work becomes pro-- 3.628,038 
ductive. 

(10) Ultimate anticipated oultivation in 
oompletion. 

( .. ) Total Cultarable Area 

(II) Total 0 ...... Commanded 

. . I 
30 years af~el fi,446,530 

. 6,540,66.) 

.. 7,494,077 

P.roenkJg •• 

31 per cent . 

55'5 per cent. 

S:J per cent; 

100 per cent. 

.-... -,~- ----.-.-.-~- ----

End of 21st year. 

End of 35th year. 

Acyu. P".~ •. 

2,035,636 ; 31 per cent. 

3,386,716 : 55' 5 per cent. 

15•446,530 1 83 per cent. 

i 6,540,669 ; 100 per oent. 

7,494,077 
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ComNned Project Combined Project 
without Manehar without without Manchar with 

Kalat and Begari KeJe.t and Begari 

I 
Branches. Branches. 

- .---.. i ._---

Eet No. 6 I 6 

Including .Mre 0/ COl' 0/ Btlrrage. 

(a) Total cost of Worke-Direct , , 136,li88,866 148,422,231 

(b) Total coat of Works-Indirect .. 4,642,213 6,160,778 

(e) Totel DiJoot and Indireot .. 141,231,068 163,5'13,009 

(d) AU works completed in yea.r from oommencement .. Eleventh . Eleventh. 

(e) Work becomes productiveinyeara from commenoement 
of work. ' 

Twelfth, Twelfth, 

(J) Accumulated arrea.re of intereat up to year (e) .. 25,177,107- 24,580,168 

(9) Totel Ca.pitel invosted in yo ... (e) .. 166,408,.175 178,163,177 

(A) Net Revenue due to improvements in year Cel .. 8,426,762 9,352.118 

5'16 percent. } 5'26 por con •• 
(;) Inte ... t paid in yoar (e) .. 

1st Year- after completion . let Year after completion. 

... --

Te,u" gea.r alter compldion 0/ work. 

Cil Totel Capital inv .. ted .. 141,231,068 163,673,009 

(1:) Net Revenue due to improvements .. 13,44ii,416 14,689,688 

(I) Interest paid .. I 9'6 per cent. 9:5 per cent. 

Twcntielh. year afw eompldion. 0/ work. 

..I (m) Total Capital invested 141,231,068 163,673,009 

(110) Net Revenue due to improvements ,. 18,237,804 19,556,491 

(0) Intore.t paid .. 12'9 per cent . 12'75 per cent. 

Thirtieth year after completion. 0/ work. 

(P) Total Ca.pi~1 inv .. ted .. 141,231,068 153,573,009 

(I) Net Revenue due to improvement. .. 21,441,581 22,864,918 

r) Interest paid .. 16'2 per <;ont, 14'85 per cent. 

(a) ~ll acoumulated arrean of intereat will be wiped outl 
in yea.r from oommenoement of work. 

End of 20th yesr, End of 19th year. 

'I) All Capita.l wiped out in YO'" do, .. End of 32nd year. End of 32nd year, 

OuU'vati<m. Acru. Percenlag,. .Acres. Pe ... ,."". • 

.. ) Present Oultivation in &CreI 1,946,114 31 per cent. 2,035,636 31 per cent. 

u) Oultivation in year (e) when work beoomes produotive. 2,985,061 47'6 per cent. 3,160,774 55'6 par aent. 

w) Ultimate antioipated !nlitiva.tion in 30 yean a.fter aom~ 6,199,437 83 per oent. 15,390,530 83 per cent.. 
pletion. 

(z) Total Culturab1e Are. .. 6,272,676 100 per cent. 8,1540,669 100 per cent . 

y) Tota.l Grosl Comma.nded .. 7,206,484 7,494,077 
I 

11 1135-22 



Set No. 

lneluding aha.." 01 C08t 0/ Barrage. 

(a) Total co.t 01 Works-Direct 

(b) Total co.t of Works-Indirect 

(c) Total Direct and Indireot 

(d) All works completed in year from commencement 

86 

(e) Work beoomes productive in years from commence· 
mont of work. 

(/) Aooumulated arrears of interest up to year (e) 

(g) Total Capital invtsted in year (e) 

(A) Net Revenue due to improvements in year (e) 

(i) Iotere.t paid in year (e) 

Tenth gea, after c.omp'ktioft, oj work, 

(j) Total Capital inve.ted 

(k) Net Revenue due to improvements 

(I) Intere.t paid 

Twentieth gear af'er compldion oJ work. 

Cm) Total Capital invested 

Cft) Net Revenue due to improvements 

(0) Interest paid 

TAir'idA year a.J'er compldion oj work. 

(P) Tot&! Capital inve.ted 

Cg) Net Revenue due to improvements 

(r) Intere.t paid 

: :11 

· . 

I 
I .. , 

CoS) All aooumulated a.rrean of interest will be wiped out 
iD year from oommencement of work. 

(I) AU Capital wiped out in year do. · . 
CuUimlio., I 

, 
(u) Present Cultivation in acrea · . 
(0) Cultiva.tion in year (e) when work becomes productive. 

Rohri Canal with 
Barrage sbare without 

Kalat and Bogari 
Branches 

7 

52,251,697 

1,755,455 

54,007,152 

Eleventh. 

Twentieth. 

12,310,486 

66,317,638 

3,414,823 

Rohri Canal with 
Barrage Sha.re with 
Kalat and Bogari 

Branohes. 

8 

51,848,797 

1,755,455 

63,604,252 

Eleventh. 

Twentieth. 

11,977,486 

65,581,738 

3,414,823 

5'15 per cent,} 5'2 percent. 

9th year after completion. 9th yoar after completion. 

65,010,941 

3,920,393 

6' 0 per cent. 

54,007,152 

5,741,258 

10' 6 per cent. 

64,007,152 

7,337,563 

13'5 

64,254,041 

3,920,393 

6'1 per (;;ent. 

53,604,252 

5,741,258 

10'1 per cent. 

53.604,252 

7,337,563 

13' 6 per cent. 

End of 27th year. I End of 27th year. 

End of 39th year. I End of 39th year. 

Acm. Perctnl4ge. Acres. Percentage. 

657,300 26 per cent. 657,300 26 per oont. 

1,232,500 48' 5 per cent. 1,232,500 48' 6 per cent. 

(w) Ultimate anticipated cultivation in 30 years after com· 2,053.300 81 per cent, 2,053,300 81 per cont. 
pletion. 

(:0) Total Cultnrable Area •• 2,535,020 100 per cent . 2,535,020 100 per ccnt. 

(y) Total Gro .. Commanded .. 2,956,518 2,956,518 

---

• 



Set No. 

lnelllding "Aa"e 0/ COl' 0/ Barrage. 
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Eastern Nara Canals 
with sha.re of B&rracle 

without Kalat and. 
Beg&l'i Branches. 

9 

(al Total coat of Works-Direct 32,717.373 

(6) Total cost of Works-Indirect 1,046,587 

(0) Total Dirsct and Indirect 33,763,960 

(eI) All works oompleted in year from commencement Eleventh. 

(e) Work beoomes produotive in yee.1'8 from commence- Eleventh. 
mont of work. 

(/) Aocumula.ted arrea.ra of intereat up to year (e) 1.795,962 

(g) Total Capital inve.ted in yeor (e) · . 35,559,922 

(A) Net Revenue due to improvements in year (e) · . 2,219.000 I 
6'25 per oent. 

(Ii) Intentst paid in year (t) .. 
On completion of work. 

--
TelSth year ~tu completion 0/ wore. 

. 
(j) Total Capital invested · . 33,763,960 

(k) Net Revenue due to improvements · . 4.291,983 

(I) Interest paid · . 12'7 pel' cent. 

TlHniidh year a/" compi.e'ion. 0/ wo,.k. 

(m) Total Capital inveated .. 33,763,960 

(n) Net Revenue due to improvements · . 6.054,048 . 

(0) Interest paid · . 18'0 per cent. 

T1t.i-"idh gea, a./Us complditm 0/ work. 

(p) Total Ca.pital invested .'. 33,763,960 

(q) Net Revenue due to improvements · . 7,014,488 

-(r) Interest paid · . 20'83 per cent'
l 

(.) All accumulated &rrea1'8 of interest will be wiped out
l 

End of 14th year. 
in year from commencement of work. I 

(') All Capita.l wiped out in year do. j End of 26th year. 

CullitlJ.,ion. 

(u) Preaent Cultivation in acres 

(tI) Cultivation in year (e) when work become8 productive 

(co) Ultimate anticipated culti"ation in 30 yean after com" 
pletiou. 

.Aeru. Pnee7ilage. 

484,679 26 per c.ent. 

783,750 42 per cent. 

1,529,950 81 per cent. 

Eastern Nata Canals 
with ahare of Barrage 

with Kalat and 
Begari Branches. 

~ 

10 

32,342,373 

1,046,587 

33,388,960 

Eleventh. 

Eleventh. 

1,599,962 

34.988.922 

2,219,003 

6'3 per cent. 

J OD completion of work. 

33,388,960 

4,291,983 

12'85 per cent. 

33,388,960 

6,054,048 

18'15 per cent. 

33,388,960 

7,014,488 

21'0 per cent. 

End of 14th year. 

End of 26th year. 

Acr,.,. 
, 

Percentage • 
I 

484,679 i 26 per cent. 
! 

783,750 : 42 per cent. 

1,529.950 81 per cent. 

(s) Total Oulturable Area •. 1 

If) Total GI"OIIS Commanded .. \ 

1,873,000 I 100 per cent.

I
I,873,000 ! .'00 per cent. 

i 
2,176,494 i • 2,176,494 ! 

, 
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Combined Project for Combined PIoje.' for 
N .• W., S.·E., a.nd Central N.· W., S.·E., and Central 

Canals and Ma.ncbar(except Canals and Manchar (e:r:eept 
Kalat and Begari Branohes, Kal&t and Bogari Branchoe 

without Cesa. with Cess. 

Se.tNo. 11 12 

Including dare 0/ co,d oJ Barrage. 

(a) Total cost of Works-Direot .. 76,624,266 76,624,266 

b) Total cost of Works-Indirect .. 2,469,540 2,459,540 

(e) Total Direct and Indireot .. 79,083,806 79,083,806 

(d) AU works completed in year from commencement .. Tenth. Tenth. 

(e) Work becomes productive in 
ment of work. 

yea.n from commence .. Twentieth. TweUth. 

(/) Accumulated arrears of interest up to year (e) .. 16,158,890 13,416,857 

(1) Total Capital inv.lted in year (.) .. 95,242,696 92,500,663 

(h) Net Revenue due to improvements in year (e) .. 4,804,460 4,700,692 

0'03 per cent. } 5'1 per oent. 
(i) Interest paid in ye.r (t) .. 

10th year after completion. 2nd year alter completion. 

Tenth gmr after rompletion 0/ work. 

(j) Total Capital inve8ted .. 94,269,449 79,083,806 

(k) Net Revenue due to improvements .. 4,961,888 6,061,388 

(I) Intere.t paid .. 5'26 per cent. 7'7 per cent . 

I 

P"""'elh y.,.,. aller completi ... ol_k. 

I (m) Total Capital inveoted .. 79,083,806 79,083,806 

(It) Net Revenue due to improvements .. 6,191,337 7,401,837 

(0) Intereot paid .. 7'84 ptr cent. 9'4 per cent. 

Ph'rli<lh y.,.,. 0/"" CGmpleUon 01 work. 

(P) Total Capital invested .. 79,083,806 79,083,806 

(q) Net Revenue due to improvements .. 6,838,279 8,138,779 

(r) Interest paid .. 8'7 per cent. 10'3 per cent . 

(.) All &Ocumulat~d arrean of interest will be wiped outl 
in year from commoncement of work. 

End of 31st year. End of 21st year. 

(I) AU Capital wiptd out in year do. ..I End of 49th year. End 01 38th yesr. 

CuUit1alion. A.eru. P.....mag •• .dcru. Pen:tfltag •• 

(u) Present Cultivation in acres .. 857,135 41'6 ptr cent. 857,135 41'6 ptr cent. 

Cv) Cultivation in year (e) when work becomes productive 1,185,773 57' 7 ptr cent. 1,185,773 57'7 er cent. 

(10) illtimate anticipated cultivatior in 30 yea.rs a,fter eom· 1,666,187 
pletion. 

81 ptr cent. 1,666,187 81 per cenc .. 

(.r) Total Culturable Area .. 2,050,691 100 per cent . 2,050,691 100 ptr •• nt. 

(y) Total Oro .. Commanded .. 2,284,472 2,284,472 
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-- - - ---_._- - ---~ .. . - . 
Combined Project for Combined Project for 

! ." N.-W .• S .• E., and Central N-W., S-E., and Central 
Canals. and Mancha.r Ca.naJs and MaDcbar 

" (including KeJat and Began (including Kalat and Begari 
Branches). Without Cess. Branches). With Cesa. 

-
SetN .. 13 14 

Imludi,., ,shon oJ con oJ Ba"age. 

I Ca) Total coat of Works-Direot " 85,151,636 85,151,636 

(6) Total coat of Works-Indireot .. 2,768,105 

I 
2,768,105 

(e) Total Direct a.nd Indireot .. 87,919,741 87,919,741 

(d) All works completed in year from commencement .. Tent.h. 

I 
. Tenth. 

(e) Work beoomea produotive in yeBJ'8 from oommence. Eighteenth. _ 
I 

Twelf'h. 
ment of work. 

(/) Accumulated arrears of interest up to year (e) .. 15,725,_ 14,224,071 

<g) Total Capital invested in year (e) , - 103,845,589 102,143,812 

(A) Net Revenue due to improvements in year (e) .. 6,493,702 5,321.547 

5'3 per cent. } 5-2 p.r c.nt, 
<i> Interest pa.id in year ee) .. 

8th ye&1' after completion. 2nd year after completion . 

. - . .. -._.----

Tm'" yUM' a/tu compk'iO'll 0/ work. I 

(i) Tot&! Capital inv .... d .. 98,009,428 87,919,741 

(k) Net Revenue due to improvements .. 5,923,065 '. 7,022,565 

(I) Inte, ... paid .. 6'1 per cent. S'O per cent. 

TtDtJIC,dA year of1M' complttion 0/ wotk. 

(m) Total Capitfl.1 invested .. 87,919,741 87,919,741 

(n) Net Revellue due to improvements .. 7,056,441 8,536,435 

(0) lntere.t paid .. 8'03 per oent.f 9'7 per cenCi.. 

---- --
Thirtidh year oJtu eompk'ion oJ work. 

(P) To ... 1 Capital inv .... d .. 87,919,741 87,919,741 
. 

(g) Net Revenue due to improvementa .. 8,068,517 9,369,017 

(r) lntereat paid .. 9'2 per cent. 10'7 per cent • 
.._-----._-

(.) All &Ooumula.ted arrears of intereHt will be wiped out 
in yea.r from oommencement of work. 

End of 27th yea., End of 2mh yea,; 

(I) AU Capital wiped out in year do, .. End of 44th year . End of 36th year. 
-.. ---

Cultivation. ..4cru. Ptf'centaIJe • 
I 

Aer .. , I Ptrrenlage. 

(tI) Present Cultivation in &erea' .. 947,657 41 per cent. 947,657 I 41 per cent . 

(tI) Cultivation in year (e) when wo~k becomes produotive 1,358,597 58 per cent. 1,358,697 : 58 per cent. 

(w) Ultima-te a.ntioipated cultivation 
completion. 

in 30 yeArl after 1,913,280 83 per cent. 1,913,280 83 per cent. 

I 
(,,) Total Culturabl. A ..... .. 2,318,685 lOOper C!ent. 2,318,685 100 pel' cent . 

(If) To"'1 Oro .. Comm .... d.d .. 2,573,066 2,573,065 

R U3J-23 
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------------------,----------,-----------
Combined Projeot for 

N.~W., S.·E., and Central 
Canals without MaDchar 
(except Kalat and Bega.ri 

Branches. 

Combinod Project for 
N.· W., S.-E., and Cent-raJ. 
Canals without Manohu 

(inoluding Kalat and Bagari 
Branchea). 

-------------------1-------':------
s.t No. 15 

Imlu.ding share 0/ CO!, oJ Ba"tlfle. 

(a) Total oost of Worke-Direct 64,260,791 

(h) Total cost of Work.-Indirect 1,994,650 

(r.) Total Direct atid Indirect 56,255,441 

(d) All works completed in year from commencement 1'entb. 

(e) Work beoomes productive in yean from commence- Eleventh. 
ment of work. 

(/) Aocumulated arrean of interest up to yea.r (el 8.,768,301 

(g) Total CApital invested in year (e) 66,023,742 

(4) Net Revenue due to improvements in year (e) 3,352,071 

16 

62,188,161 

2,303,215 

85,001,376 

Tenth. 

Elev ... tb. 

9,165,362 

74,256,758 

4,082,67~ 

(.) Intere.t paid in year (.) 
.• 1 5'2 per c.nt.} 5'5 per cent. 

list year after compl.tion, 1st year .fter completion. 

------------'--------~--,--~-

Tench year a/~r completion 0/ work. 

(j) Total Capital invested 

(A:) Net Revenue due to improvements 

(I) Intere.t paid 

P"",nti.'h yOM of"" compleli<m of work. 

(m) Total Capital invested 

(ft.) Net Revenue due to improvements 

(0) Int .... t paid 

I 
..I 

56,255,441 

5,146,138 

9·1 per ceut. 

56,255,441 

6~355,687 

\1'3 per cent. 
~-.---- ----

Thirtidh year after com.pldioFl of tOOt'k. 

(p) Total Capital in ..... ted 66.255.441 I 
I , 

----- -------------------+-----

(q) Net Revenue due to improvements 7.,002,529 

per oent.j 12'4 

(8) All acoumu.lated arrears of interest will be wiped out End ,of 17th year. 
iu year from commencement of work. 

(I) All Capital wiped out in year do. End of 32nd yea.r. 

Oultivation. Acres. 

(II) Present Cultivation in acres 803,135 

(v) Cultivation in year (e) when work becomes productive 1,079,773 

~ (w) Ultimate antioipated oultivation in 30 years aftt-r 1,560,187 
eom pletion. 

Peru7&tagt. 

43 per oent-. 

58 per cent. 

S. per cent. 

65,091,376 

6,107,315 

g' 4 per cen~. 

65,091,376 

?,4~,I85 

11· 5' jle1' C!eDt. 

65,091,376 

8,23ll.167 

End of 17th year. 

End of 31st year, 

,Acres. Pt:reenlage. 

893,657 42 per cent. 

1,252,597 59 per cent. 

1,807,280 ~ per cent. 

(z) Total C.ltur.bl. Area 

(y) Total Gross Commanded 

1,863,691 100 per c.nt. 2,131,685 100 per cent. 

2,072,47~ I_~__ 2,361,005 
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-------. -.~- ---------.------------------- --. 

North Westem Perennial 
Canal witbout Kalat Beet-ion 

of Khirtar Branch. 

Set No. 17 

1 

1m/lUling ."" .. • 1_ oJ Barrage. 

(a) Total con of Works-Direct .. 16,857,000 

(6) Total...,... 01 Works-Indirect · .1 484,020 

(e) Total Dineb aDd Indiroot · .1 16,341,020 
I 

(d') All workil completed in year from oommencement 1 Sinh. · ., 
(e) Work booomea prodnotive in yeara from .commence- Ele....th. 

ment of work. 

Aocumulated a.rrears of interest up flo year e" (f) 

( u) Total Copitall.v .. ted in y .. r ee) 

(Ia) Net ReVBDU8 due to improvements in year (.) 

2,719,195 

"i 
I 

19,060,210 · .\ 
.. 1.OOOt662 

North Western Perennia.i 
Canal with Kalat section 

of Khirtar Branch. 

18 

---- -

20,415,236 

807,400 

21,023.836 

ShEth. 

Tenth. 

3,142,766 

114,166,390 

1,220,967 

0'26 per cent. } 5'05 per cent. <') Interest pa.id in year ee, .. lOth yee.r ofter completion. 4th ye .. ofter oompleti •• 

TmIA p>r 01"" compleliola .1_1:. 

(j) Total Capital iuvested 

(Al) Net Revenue due to improvement. 

(I) Interest paid 

Tweneie'" year a.fter oompletion O/1DOr1t. 

(m) Total Capit.l inveRted 

(ra) Net Revenue due to improvement8 

(,,) l.terest paid 

TMrUdla yUI" after compldicm 0/ work. 

(p) Totel Copitel inv.ated 

i , , .. , 
, 

· '1 

· ·1 

· . 
· . 
.. 

. .1 

I 
· '1 

16.879,822 

1.55~.857 

9'3 

16,341,020 

1,839,179 

11'25 

16,341,020 

2.437.901 

por cent. 

per cent. 

(f) Net Revenue due to improvements 

(r) lnto ... t paid · ·1 14' 86 per cent.! 
I 

(t!) All lWOumulated a.rre&l"8 of interest will be 1riped out End of 17th year. 
in yea.r from oommencement of work. 

(') All Oa.pit..l wiped ontl in year do. End of 31st year. 

CuU'tI(dw.. 

(til PreI8nt Cultiva.tion in &area 

Acru. 

289,246 

(v) Cultivation in year .Ce) when work beoome!l productive 388,577 

(w) Ultimate a.nticipated oultivation in 30 years after 647.083 
oompletion. 

(,,) Total ColtlU'&ble Area 804.351 

(y) Total-Gross Commanded .. 1 002,250 

P"cmtoue. 
36 per cent. 

48' «: per cent. 

80' 5 pel' cent. 

100 per cent. 

21,252,993 

1,966,968 

0'25 per ccnt. 

21,022,635 

2.208.736. 

n·o 

21,022,636 

3,079,21' 

per cent . 

14'8 per cent. 

End of. 17th year. 

End of 32nd year. 

.dortA. Percentage .. 

326,502 33 per cent. 

481,139 47 per cent. 

815.048 83 per tent. 

084,911 100 per cent . 

1,0114,783 

._--_ .. . ~---
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-----------------,------ --_._-------- ----

Set No_ 

IncZuding 8hare 0/ eo~' of Ba,.,age. 

(a) Total COlt of Works-Direot -. 

b) Total cost of Works-Indirect .. 

c) Total Direct and Indirect . . 

Cd) AU works completed in year from commencement .. 

8) Work becomes productive in years from commence-
ment of work. 

f) Aocumulated arrears of interS8t up to year (e) 

g) Total Capital invested in year (e) 

h) Net Revenue due to improvement. in year (e) 

i) Interest pa.id in year (ti) 

TentA. year alter completion 0/ work. 

(j) Total Capital invested. 

k) Net Revenue due to improvements 

(I) Interest paid 

(0) Interest paid 

ThirlietA year aJur completion oJ worJ:. 

(p) Total Capitol invested 

(g) Net Revenue doe to improvements 

(r) Interest paid 

,,1 
I 

"1 " 

.. ) All aooumulated Brrea.ra of interest will be wiped out 
in year from commencement of work. 

I) All Capital wiped out in year do. " 

Cultivation. 

u) Present Cultivation in acre. " 

0) Cultivation in yea.r (e.) when work becomes productive 

ttl) Ultimate anticipated cultivation in 30 ye&1'8 afte 
completion. 

(,,) Total Culturable Area " 

( y) Total Oroas Comnlanded " 

South Eaatern Perennia.l 
Canal without Kalat section 

of Khirta.r Branch and 
Began Branch. 

19 

16,525,566 

486,227 

17,012,493 

Sixth. 

I 

Fourteenth. 

2,406,100· 

19,418,593 

979,958 

, 

South Eastern Perennial 
Ca.na.l with Kalat llection 
of Khirta.r Branch and 

Begari Branch. 

20 

-

16,390.003 

486,927 

16,876,980 

Sixth. 

Fourteenth. 

2,365,144 

19,242,124 

979,958 

5'05 percent,} 5-1 percent 

8th year after completion. ,8th yea.r after completion 

18,568,982 

1,269,420 

6'53 per cent. 

17,012,493 

1,471,577 

S·6. per cent. 

17,012,493 I 
1,937,442 

I )\'4 per r.ent' l , 
-

End of 21st year. 

End of 35th year. 

I i 
.4cru. Ptret:ntttge. I 
256,705 I 41' 7 per cent. 

345,754 57' 5 per cent. 

498,809 83'0 per cent.l 

601,554 ) 00 per cent. 

669,798 

--"" -- -- .-.--,-_ .. 

18,359,617 

1,209,420 

7' '16 per cent 

16,876,980 

1,937,442 

II' 5 per cent. 

End of 20th y ..... 

End of 34th year. 

.Acre.!. Percemaq •. 

256,705 41'7 per cont. 

345,754 57' 5 per cent. 

498,809 83'0 per cent.. 

601~5M 100 per cent. 

659,798 

-
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Set No. 

Central Rice Canal without 
KaJat section of Khirtar 

Branch and Begari 
Branch. 

21 

Central Rice Canal with 
Kalat !lection of Khirte.r 

Branch and Began 
Branch. 

2ll 

-----------I------I-~~--------

Imludiff11 ,Aare 0/ co.9' oJ Barrage. 

(a) Total oost of Works-Direot 

(6) Tot.1 cos.t of Works-Indireot 

(e) Total Di .. ct and Indirect 

(d) All worke oompleted in year from commencement 

eel Work becomes productive in yean from commence·1 
ment of work. 

e/) Accumula.ted arreara of interest up to year (e) . 'I 

(g) Total C.pital invested in year (.) I 

(Tt, Net Revenue due to- improvemente in year ee) "I 

21,878,22. 25.982,873 

1,023,703 1,208,888 

2ll,90I,928 27,191,761 

Tentb. Tenth: 

EI.ventb. EleV'enth. 

3,315,073 3,492,761 

26,217,001 80,683,911 

1,437,899 1,876,128 

U) Interest paid in year (e) 
I 5'S per cent. ~ 6-] per cent. 

llst yea.r after completion. I J 1st year after completion. 

I I 

Tm'la yeat' after completion. 0/ work.. 

(j) Total Ca.pita,l inveated 

(Ie) Net Revenue due to improvements 

ell Intereat paid 

Twentieth year after completion 01 work. 

em) Tobl Capital invested 

Cn) Net ~venue due to improvements 

(0) Interest· paid 

TA""dA 1IUU' tJJ~r comple'ion. oj work. 

(p) Total C'pit.1 inveated 

(9) Net Revenue due to improvements 

(r) Interelt paid 

I 
I 

I 
"I 
. 'i 

(I) All ... umul.ted .r ....... of intereat will be wiped OU1 
io year from commencement of work. 

(I) All Cilpital wiped out in year do. • . 

OullilHJlion. .. I (u) Pretent Cuitiva.tinn in aor8It 

(0) Cultivation in yea.r (e) when work beoomes productive 

(w) Ultima.te anticipated oultivatlon id 30 Y"" ofter 
completion. 

(z) Toto! Culturoble A .... .. 
(u) Total Gro .. Oommanded " 

B 1136-24 

22,901,928 

2,150,078 

9'4 per cent.; 

End of 16th yeor. 

End of 31at y .... 

..I ...... PeTCeftlage. 

263,184 52' 5 per cent. 

369,105 80' 5 per cent. 

414,296 90' 5 per eent. 

4057,786 too per cent. 

610,424 

27,191,7111 

2,662,033 

9' 8 per cen't .. 

27,191,761 

3,133,461 

11'5 per oent. 

27,191,761 

3,216.110 

11'8 per cent. 

End of 14th year. 

End of 30th y .... 

...40'14. Ptf'ceNage. 

316,400 58 per cent. 

448,232 8! per cent. 

403,423 90 per C811t. 

646,220 100 per cent. 

608,484 
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-------------------,------_.,----_._-

Ka.iat section of Khirta.r 
Branch. 

Nasirabad Canal (Inun. 
dation) IH20. 

----··1-------1---_· 
Set No. 

Including share 0/ co,, oJ Barrage. 

(a) Tot.l cost of Works-Direct .. 

(6) Total ooot of Works-Indirect •. 

(0) Total Direct and Indirect •• 

(1) All works completed in year from commencement .. 

(e) Work becomes productive in years from commence· 
ment of work. 

(f) Aocumula.ted arrears of interest up to year (e) 

(g) Total Capital invested in ye .. (0) 

{h) Net Revenue due to improvements in yea.r (e) 

23 

5,002,550. 

123,380 

5,125,930 

Fifth. 

Fourteenth. 

909,222 

6,035,152 

304,390 

24 

4,650, 000 

;115, 000 

4,665, 000 

Fourt h. 

Twelf th. 

890,2 50 , 

0,055,2 50 

000 290, 

(i) Interest pa.id in year (e) 
5' 04 per oent. 1 6' 28 per cent. 

. '1 9th year after completion. J 8Lh year after completion. 

Tenth year after completion 0/ work. 

Ul Total Capital inv.sted 

,k) Net Revenue due to improvements 

(I) Interest paid 

TtoeAlidh year a/It!(' c.ompletion oj work. 

(m) Total Capital invested 

(n) Net Revenue due to improvements 

'0) Intere.t paid 

5,125,930 

395,661 

7'72 I 
per cent.! 

5,280,750 

377,000 

7' 15 per eent. 

4,665,000 

377,000 

. ji- 05 Jl<>r cent. 

Thirtietll year QJ~er eompklton of work. 

(p) Total Capital invested 

. [ ---- -~--.--.--

(q) Net Revenue due to improvements 

(r). Interest paid "I " 

5,125,930 

553,987 

10'8 

, 
i 

I 
I , 

per cent,! 

(a) All aooumulated arrears of intel"Mt will be wiped outl End 01 21at year. 
in year from commenoement of work. 

377,000 

8' 05 per eent. 

End of 19th ye&r. 

End of 45th year. (I) All Capital wiped out in year do. . ./ End of 45~h year. 

----------,.------'---.-----'---------_. 
Oult'tlat;"". I 

('U') Present Cultivation in &croa .. 
I 

(v) Cllltivation in year (e) when "'ork becomes productivel 

(w) Ultimate antioipated oultivation in 30 years after com
pleUon. 

dCTU. Peru7l/ag<. Acru. Pucmtagt. 

37,256 20- 6 per cent.. I. 33,000 . 12' 8 per qeDt. 

92,652 51- 5 per ,cent.. ' 98,000 3S-0 per cent. 

148,192 80'0 per oent. ! 118,200 46' 0 per cent. 

(z) Total Culturahle Area 

Cy) Total Oros.. .. Commandc.>d 

lSO,660 100' 0 per cent. 257,256 100 per cent • 

.. I 192,533 2&,,794 

- - .. -- - ---- -----.----'-----....:....:...-....:...--,..---
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Nasirabad 
Canal 

Inundation 
(1018). 

Beg-ad. Branoh.. 

-~----~-~~ ~ -------1-------
Set No. 25 

--~------------------------~---;,--------------

Including "flare 0/ COlt oj Barrage. 

(a) Total coat of Worke-Direct 

(b) Total Clost of Works-Indireot 

(r) Total Direct and Indirect 

('el) All worke completed 'in year from commencemeni" ~. 

(e) Work becomes produotive in Ye6re from oommence
ment of work. 

U) Aooumula.ted a.rrears of intere8t up to year (8) 

(!1) Total Ca.pita.1 invested in year (e) 

(h) Net Revenue due to improvements in year (6) 

~,) Interest paid in year (6) 

9.856,000 

246,000 

10,102,000 

Tenth. 

Thirty-6rot. 

1,327,074 

11,429,074 

671,851 

6'0 per oent'l 

Not pfII)ductive. I 

I 
! 

----~-------------

Tenlh year GJter completion. 0/ worl'. 

(j) Total Capital inveated 

(.1:) Net Revenue due to improvements 

(I) Inta .. ,t paid 

12.219,584 

571,851 

4"67 pel' cent. 

, 

4,364.526 

185,185 

4,649,711 

Eighth. 

Tenth. 

643,314 

5,193,025 

434,254 

8'36 per cent. 

2nd year aftel'COmpletioD. 

4,549,711 

434,254 

9'54 per cent. 

----------~---~----_T_-------_i__-----

Twentidh year o/Ier compldion o/work. 

(m) Total C&pital invested 

(n) Net Revenue due to improvements 

(0) Interest paid 

Thir'ielh year after completion 0/ work .. 

(p) Total Capital in ... tad 

(9) Net Revenue due to improvements 

r) Interest pa.id 

<,,) All aocumul&ted &rrea.ra of interest will be wiped Ol1t~ 
in year from commencement of work. 

( 

( 

( 

!) All Ca.pital wiped out in year do. .. 
------~-

CulhttGtion, , 

u) Preeent Oultivation in atlJ"88 . . 
41) Cultivation in year (e) when work beoomea produotive. 

(to) Ultimate·anticip&ted oultivation in 30 ye81'& .fter COlD· 
plation. 

~) Total Cnltnrable Area . . . 
( y) Total GlOM Commanded ... 

571,851 

4-97 per cent. I 

10,717,615 

571,851 

6- 32 per cent. 

End of 47th year 

End of IIOth rear. 

Acru. Perct.ntaqe. 

49,470 12- 6 per cent. 

.181.000 46'0 per oont •. 

.181.000 46- 0 per cent. 

393,625 100 per cent. 

-437,260 

- ----_._- -------

4.649,711 

509,010 

11- 2 pel' cent.. 

4.549,711 

~85,962 

12'0 per cent. 

End of 12t.h year . 

, End of 30th yea •• 

Acru. 

53,266 

79,127 

79,127 

87,434 

96,060 

Puct:lf.ta!lt 

61 pel: cen t • 

91 pe~ oen t. 

t. 9J per can 

100 per ceo t . 



--.--~--- . -

-_ .. _--

Set No. 

re 0/ co81 oJ Barrage. 

Direct .. 
Indirect .. 
reet .. 
in yea.f from commencement .. 

induding sha 

(a) Total cost of Works

(6) Total co.t of Works

(c) Total Direot and Ind, 

(d) All work. completed 

(e) Work becomes produ ctive in years from commence· 
ment of work. 

of interest up to year (e) 

din year (0) 

(j) _o\.ccumulated a.rrears 

(g) Total Capital investe 

(h) Net Revenue due to improvements in year (e) 

, 
0 

.. 

.. 

.. 

.. 

96 

I Utilisation of 2,000 
CU8eC. of Begari 

I Canol. 

I 
27 

1,800,000 

Negligible. 

1,800,000 

Third. 

Seventh. 

100,000 

I,uob,ooo 

• 95,000 

5 per cent. 

4th year afterl 
completion. 

(I) Interest paid in year ( ) 

----~-~~~~--~--:-~~~~~-

I Tenll, yea,. after completion oj work. 

(i) Total Capital invested 

(k) Net Revenue due to 'improvements 

(/) Interest paid 

Twtnt'dh year alter eompklion 0/ work. 

(111.) Total Capital invested 

..I 1,800,000 

150,000 

8' 33 per cent. 

1,800.000 

150,000 (n) Net Revenue dUB to improvements 

(0) Intere~t pa.id 8'33 per cent.! 

Thirtieth year after complttion 0/ work. 

(1') Total Capital invested 

(q) Net Revenue due to improvements 

1,800,000 

150,000 

(.) Interest paid .. I 8'33 per cent: 
I 
I 

ant of intere~t will be wiped out End of 11th year. 
mencement of work. I (6) All accumulated arre 

in year from com 

(I) All Capitol wiped 0 ut in year do. .. End of 37th year. 

c uUimtion, ..4cre8. Peruntagt. 

in acrea •. 117,442 35 per cent. (tt) Present Cultivation 

(v) Cultivation in year 

(WI Ultimate anticipate 

(el when work becomes prodnotive 149,449 44' 6 per cent. 

d cultivation 
oompletion. 

in 30 years afte 167,774 110' 0 per cent. 

• 100 per cont. 

1 

I 

.~ .. -.---~ . 4. 

'Manchar works Manchu w-orb with 

without ceaa. Cess of Ro. 3 per 
acre. 

28 29 

- ----

22,363,475 22,363,475 

_,890 _,890 

22,828,365 22,828,368 

Non-productive. 
Non.productive . 

. 

i 
i 

I 
I 

I 
~ 

..4cru. PtJ'UfIlege • .Acres. P~. 

54,000 29 percent. 54,000 29 per cent 

106,000 56"7 per cen'. 106,000 66'7 percen 

187,000 100 per cent. (,,) Total Culturable Are 

(y) Total Groos Com ma nded 

"1335.551 

•• 1872,834 1212,000 

lOOper oent'll87 ,000 

212,000 

BOIlIliAY : PRIlCTBD .'1' TUlI GOV BIUlIIU'l' t'UTBAl, PRB88. 


