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No. 1430 OF 1919. 

FROM 
A. A. MUSTO, ESQUIRE, 

EXECUTIYE ENGINEER, 

SUKKUR BARRAGE PROJECT DISTRICT. 

To 
THE CHIEF ENGINEER IN SIND, 

QlJice oj the Executive Engineer, 
Suk/.;ur Barrage Project District, 
Karachi, 18th October 1919. 

SIR, 
I have the honour to submit herewith my Report, Plans and Estimates 

for the SuklnlI" Barrage Project. 

~ The total estimated cost of the work amounts to Rs. 3,41,95,076. Out 
{)f this sum Ra. 17,93,343 represents the cost of the Head Regulators of the Cana~s 
on the Right Bank, and Rs. 18,53,279, the cost of those for the British Canals 
on Left Bank, while Rs. 4,49,903 is the cost of the Head Regulators of the Khairpur 
State Canals. These amounts will eventually be charged directly against their 
respective canals. A sum of Rs. 19,36,326 represents the cost of the Road-bridge 
portion of the' structure above floor level which may fairly be charged to Provincial, 
Funds. Deilucting all these sums from the total cost of the Project leaves 
Rs. 2,81,62,224 as the cost of the Barrage, (and buildings, plant, establishment, 
etc.), to be divided among all the canals in proportion to the areas commanded 
by each. 

3. For compariSon I give below corresponding figures of principal heads 
of the present project and of those of Mr. Beale's 1909 and 1910 (revised) projects. 

Mr. B ... le's Mr. Beale's Mr. MWlto's 
1909 1910 1919 

project. (revised) proje_ct. 
project. 

-
Rs. Rs. Rs. 

Total estimated cost . . · . . . .. 3,23,66,733 2,19,34,767 3,41,95,076 

Barrage Proper and (;uide Banks Permanent 
Works .. .. .. .. 1,28,49,413 I,Oli,85,256 1,30,99,758 

Left Ban-k Regulators, British .. .. . . 13,70,384 10,71,377 18,53,279 -
Left Bank Regulators, Khairpur State .. .. .... .... 4,49,903 

Right Bank Regulators, British .. .. .. 7,02,010 42,740 17,93,343 

Plant .. .. .. .. .. 45,43,259 32,33,354 55,98,506 

Establishment and pension allowance .. .. 50,34,459 25,84,047 43,82,176 

Service Works .. .. · . .. .. 50,56,259 35,73,666 47,46,298 

Buildings .. . . .. .. .. 1,56,500 1,56,500 10,99,584 

Land .. .. · . .. .. 1,37,800 76,735 2,96_885 
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4. The Report is fully indexed, paged and paragraphed for easy reference, 
and I hope that I have succeeded in makiug all reasoning and metllOds clear and 
easily traceable. 

5. The Appendices contain matter for reference with the Report, but are 
not directly necessary in it. References to the Appendix concerned are made 
in the body of the Report wherever necessary. 

6. The estimates are fully indexed and each estimate contains references 
to the pages on which its details 'can be found. 

7. The whole of the present project has been prepared at a cost of Rs. 75,000 
including all establishment, tools and plant, etc., or for 0'22 per cent. of the 
estimated cost of the work. This also includes a lot of work and survey for the 
new ·canals. 

8. In writing my report, and in preparing the project, I have endeavo~ed 
to- foresee, explain, and provide for, all contingencies in the execution of the 
work. I have tried to show clearly how every provision is arrived at, and to give 
sufficient particulars and details" to enable Government to check my estiluates 
aud to vary them where considered necessary. 

9. The London Committee complained that in the 1910 project, the 
methods of construction had not been sufficient.ly investigated, nor had sufficient 
provision been made for pumping, pile driving, etc. I have gone into all 'these 
points fully, and in fact, have worked out many details not mentioned in the 
Report, which is already lmavoidably lengthy. 

10. The present project was started by me in October 1915, and from that 
date till July 1916, when I went on 6 weeks' privilege leave, I was entirely un­
assisted by any subordinates. During that period my rough outline proposals 
for the Barrage and Canals were prepared and submitted to Government. On 
the 1st September, after return from leave, I opened the newly forined Sukkur 
Barrage Project District and 2 days later handed over charge to Mr. Nazareth, 
on my transfer to Military duty. 

11. Mr. Nazareth held charge of the District from September 1916 to Janu­
ary 1918. During this period practically no progress could be made with the 
project, as my rough proposals were lmder the consideration of Government and 
no orders had been issued until December 1918. 

Mr. Nazareth however prepared some rough estimates based on my outline 
proposals, and also did a good deal of surveying and levelling for an alternative 
alignment of the Right Bank Canals, which he suggested, but whicli proved to 
be unsuitable. 

12. In January 1918 I was recalled from ~filitary Duty to complete the 
Barrage Project. I took up the project in exactly the same state as I 
left it in 1916. 

Mr. Nazareth had obu;med the assistance of Mr. Rochiram, Overseer, and 
of two temporary overseers, one of whom is now in charge of the River gauge 
reading work. 
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13. Mr. Rochiram was the oniy subordinate available to me for field work 
from January 1918 to December 1918. During this period he carried out a 'very 
creditable piece of accurate survey of the river, above ana below 'the gorge, on 
both banks, besides levelling longitudinal sections and taking many cross sec­
tions of both banks of the river for the preparation of the guide bank estimates. 
From January to May 1919 he was engaged on surveying and levelling for the 
new heads of the Rohri and Right Bank Canals, and did very useful work. From 
June 1919 to date he has been employed in my office, assisting in the prepara­
tion of the plans and estimates for guide banks, etc. He has done very good work 
and has ~een of great assistance to me. 

14. In January 1919 after repeated applications for further staff I obtained 
the services of IVIr. Khushaldas, W. S., Supervisor, to complete the survey work 
for the new canal heads, etc. He was in charge of all surveys from January to 
May and did very excellent work. Since June he has been attached to my office 
at Karachi, assisting in the preparation and checking of plans and estimates, 
on which he has also done good work. 

15. :·Mr. Atmaram, Overseer, has been attached to the District since 1I1arch 
1919 and has assisted Mr. Khushaldas in survey and office work. His work has 
been satisfactory. . 

16 ... On 15t.h January 1919 Mr. T. S. Mirchandani, Assistant Engineer, 
joined this district, and was attached for: 3 months, until transferred in April 
to .act as Executive Engineer, Nasrat Canals. During .that 3 months he gave me 
great assistance with the canal project but had nothing to do with the Barrage 
project. 

17. In July 1919 Mr. Gokhale, Executive Engineer, joined the district in 
place of Mr. MITchandani, and for the past four months has been engaged entirely 
on the Barrage work. He has checked, a.nd where necessary revised, all my esti­
mates .for the work, and has prepared, in consultation with me, the estimates for 
the annual expenditure. He has prepared, entirely alone, the design and estimates 
for the reinforced concrete counterweights, and besides checking all my designs, 
plans, stability diagrams and caJculations has prepared several additional dia­
grams (all those which are signed by him). He has also checked the whole of my 
Report with Appendices. Mr. Gokhale's very capable and keen work, and his 
loyal co-operation in pushing through the project, have been invaluable to me. 

18. Mr. N. N. Mirchandani, Temporary Engineer, also joined the district 
in July last and ·has done very good work in assisting Mr. Gokhale and myself. 

19. The tracings have been made by the following subordinates:­

(1) Mr. Atmaram B. M., Temporary .overseer, 

(2) "Shivram R., Tracer, 

(3) "Ta~achand P., Tracer, 

(4) "Durga Prasad K., Assistant Draftsman, 

(5) "Motilal K., Assistant Draftsman, 

all of whom have done good work. 
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20. The following subordinates have been lent by the Chief Engineer in 
Sind from the Indus River C{)mmission staff and have been employed in preparing, 
checking and fair copying, estimates for earthwork, etc., and statements of River 
discharges, etc. :-

(I) Mr. Prabhu D. B., Overseer, since June 1919. 

(2) "Naraindas B. M., Surveyor, since June 1919. 

(3) "Hirasing C. A., Surveyor, since July 1919. 

(4) "Vassumal A., Surveyor, since June 1919. 

They have done useful work. 

21. The original typing of the report and appendices was very well done 
by Mr. Kishinchand K. M., typist of my office, and the final copies have been 
made partly by him and partly by the assistance of-

Mr. Lekhraj M. T., typist of Chief Engineer in Sina's Office, 

" Chetanram A., typist of Superintending Engineer, Indus Left Bank's 
office, 

" Motumal H. M., typist of Superintending Engineer, Indus Right 
Bank's office, 

who were kindly lent for a few days. They have all worked very hard and well. 

22. The total time I have been engaged on these projects amounts to 30 
months (October 1915 to -July 1916-9 months and January 1918 to October 1919 
21 months). -

Of this period at least one-third of the time has been spent on the Canal pro­
jects, leaving 20 months as the period for preparation of the Barrage Project. 
Considering the very small staff I have had until the last 4 months, I trust the time 
is not excessive. I have worked on an average 8 to 9 hours per day including 
most holidays throughout this period, and have done my utmost to expedite the 
work. I regret that the submission of the project is three weeks later than I 
promised it. 

23. I might mention that the last project was prepared by a Superintending 
Engineer with two Assistant Engineers and two permanent ,subordinates, besides 
draftsmen and tracers, and was over 2 years in preparation, while the canal pro­
jects employed one Superintending Engineer, two Executive Engineers, four 
Assistant Engineers and twenty-two upper subordinates for an average of 2t 
years. 

I have the honour to be, 

Sir, 

Your most obedient s('rvant, 

(Signed.) A. A. MUSTO, 

Execut'ive Engineer, 

Sukkur Barra,ge Project District. 
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PART 1. 

GENERAL OUTLINE. 

SECTION I. 

Introduction. 

1. The full history of these combined projects, forming as they _do, one 
complete project for providing irrigation to an area of about 8,000,000 acres of 
land in Sind and Khairpur State, is given in Appendix A. 

2. It will be slJ.fficient- here-w deal with the points which affect the present 
project. 

3. Many alternatives have been suggested for almost every portion of the 
combined projects, at different times in the long period during which previous 
projects were under consideration. 

4. Although many of the suggestions and ideas which were made and ela­
borated, sometimes at great expenditure of time and trouble, have been abandoned,_ 
and the serious defects of some of them are now- very apparent, yet the project 
in its present form, has benefited greatly by the investigations made in connec­
tion with these previous proposals, and if the present project should be found to 
contain less errors than previous ones, it is largely due to the very valuable and 
thorough investigations embodied in the ~ar1ier projects. 

5. The Executive Engineer preparing this project wishes to acknowledge 
\'lith gratitude the immense assistance he has received from the work of his pre­
decessors on these projects, more especially to the very thorough and detailed 
investigations of Dr. Summers, Mr. Beale and Mr. Hill. 
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6. Although the writer is sometimes unable, to agree with the proposals 
and deductions of these officers, the difference is in many cases due to lines of 
thought suggested by these officers· themselves, to the advantage the writer has 
experienced of having their efforts to guide him, and to ~her' data made available 
since their investigations were made. 

,7. As Assistant to Mr. Beale on the preparation of the 1909 project for the 
barrage, the writer obtained an invaluable insight into the details 'of the scheme, 
and an interest in its development which he maintained while on other works, 
until he was finally put in charge of the preparation of the present revised project, 
after a lapse of 6 years,,':It th~ .end <;>f 1915. The war caused an unfortunate break 
in the preparation of the scheme, as the writer was on military service for 16 
months, and prac'tlcally nothing was done during his absence, while owing to the 
famine and war, until the last few months, it has been very difficult to obtain 
technical establishment for the work. 

8,ECTION II. 

Reasons·for preparing this Project. 

S. The 1909-10 projects were referred by the Secretary of State for India, 
to an Advisory Committee of Engineers in London in 1913. 

Their report is attached herewith as Appendix B. It will be seen from a 
perusal of the report, and from its paragraph 29, .that the Committee was of opi­
nion that any such project was not justified, as a protective work for Sind, and that 
it was not shown to be a productive work, j:.e., it was not a profitable investment 
for Government. But in paragraph '33 they reco=end that a revised project 
should be prepared on lines suggested in the report, and be kept in readiness in 
case it should be found necessary to protect Sind from injury, which might occur 
due to the withdrawal of water in the Punjab and the North-West Frontier 
Provinces. 

9. Acting on this advice the Secretary of State declined to sanction the 
execution of the 1909-10 projects. 

10. The Government of Bombay discussed the report of the London Com­
mittee and the subsequent .correspondence of the Government of India, in their 
letter No. W. I. 10515, Public Works Department, dated Bombay, 23rd September 
1915, attached herewith as Appendix C. They showed that although it was 
difficult to prove any direct effect of the Punjab withdrawals, on the river at 
Suklrur, there was. reason to believe that these might have prejudicial effect at 
the beginning and end of the kharif irrigation season, and that there was good 
reason to say that Sind ought to be protected from such a chance by the con­
struction of a barrage. 

11. They showed, furthermore, that the canal systems on the Right Bank 
had equal claims with those on the Left Bank to such protection, and that whereas , 
it might be possible to ellsure a supply without. a barrage to the comparatively 
low-lying lands on the Left Bank, it was quite impossible to do this for the higher 
lands on the Right Bank, and that this fact effectually disposed of any proposal 
to construct one or both large canals wit/IOUf a barrage. 
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12. Furth~r; the Left Bank cal).al alone would deprive the Right Dank 
.canals of their fair supply, unless a barrage were constructed at once to give t(l 
both panks an assured level both in the kharif and rabi seasons. 

13. The Government of Bombay was strongly of opinion that no distinction 
should be made between the relative importance of securing a good perennia~ 
supply 'to the lands on both the Right Bank and the Left Bank of the Indus. 

14. The Governor in Council was convinced that the present conditions 
-of cultivation and irrigation were not suited to the special circumstances of the 
.country, and Sind was crying loudly for the improvements and benefits which the 
Punjab and the United Provinces had long enjoyed. -To regard Sind as' al). in­
undation country pure and simple would be to adopt a policy of stagnation, 
which in these days of enlightenment and awakening prosperity, the Governor 
in Council was unable to adopt. 

15. Government drew attention -to the severe rules of the Public Works 
Department for the classification of a productive work, based solely on the revenue 
,derived from. the sale of water. They showed that the true value of irrigation 
water was invariably much higher than the rate Government deemed advisable 
to charge for it. They further showed that the proposed rates in Sind; for giving 
a water supply to a rainless and waterless country, were much lower than those 
. being gladly paid in the Deccan, where some sort of crop can usually be obtained 
-on rainfall alone, and they thought that this comparison suggested the proba-.' 
bility of enhanced rates being obtainable in the future in Sind. 

16. They emphasized the enormous indirect benefits which would .accrue 
to Sind from an assured supply of water throughout the year, and for every year, 
-on an area of about 5 million acres of culturable land.. These benefits would in­
,elude the increase ot agricultural activity, rapid expansion of population and 
farmyard stock, a vast growth of trade giving rise to new railway lines, and still 
,greater activity at the busy port of Karachi. These were all of such incalculable 
importance that, the Governor in Council was unable to accept the view of t~~. 
London 'Committee that perennial irrigation schemes for Sind could only be' ac-, 
cepted as desirable, but unessential improvements, which should not be con­
templated unless they could be shown to produce at least 4 per cent. net profit 
from the sale of water alone. 

17. The Government of Bombay put forward a rough outline of a revised 
:s()hem~ with the following changes from the one previously submitted, viz. :--

. - . '. 
(a) The inclusion of the Right Bank Canal. 

(b) A new site for the barrage below the gorge. 

(e) Possibly a new head to the Eastern Nara Supply Channel from the 
barrage. ' 

18. They put forward a very rough forecast of the cost of the scheme as 
Rs. 1,120 lakhs'and the revenl:le as Rs. 63'slakhs, with a net return of approxi· 
Illately 5' 7 per cent. on the capital cost, and they asked for the sanction of th~ 

,Government of India to prepare detailed plans and estimates for a scheme 
.qn thesa lines. 
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19. The letter waS accompanied by six notes' written by Mr. Beale, Chief 
Engineer for Irrigation, Bombay, explaining the various proposals and arguments. 

20. In reply to this communication. the Government of India in their letter, 
Public Works Department, No. 273-1., dated lOth March 1916, conveyed their 
sanction to the preparation of detailed plans and estimates for a complete project, 
including a barrage below the Sllkkur Gorge with large canals taking off on the 
Right Bank and Left Bank of the Indus to provide perencial irrigation for the 
areas now served by numerous inundation canals. 

21. The. Government of Bombay accordingly issued orders in their Pnblic 
Works Department No. E-6085,. dated 13th June 1916, for the formation of a 
temporary executive district in Sind for the preparation of the project. The district 
was to be styled the Sukkur Barrage Project District with head-quarters at 
Karachi, and Mr. A. A. Musto, Executive Engineer, was appointed to hold charge 
of "the district. He was already attached to the Chief Engineer in Sind on special 
duty for this work since October 1915. 

22. In January 1918, Mr. Baker, LC.S., Collector, and Mr. Lane, Executive 
Engineer, Public Works 'Department, were placed on special duty with a large 
staff of Revenue :mbordinates, to investigate the nature of the lands commanded. 
and to make recommendations as to the intensities of cultivation, nature of crops, 
and duties to be adopted in designing the canals. Their report was submitted to­
Government on ~he 15th March 1919. 

Detaileq. classified state~ents of areas commanded were supplied by them to 
the Executive Enginet\r, Sukkur Barrage, on the following dates :-

For the Right Bank Canals on 20th Febrnary 1919. 

For the Rohri Canal on 17th April 1919. 

The deh maps showing the location of these areas-by survey numbers were 
supplied by Mr. Lane on 20th July 1919. The deh maps of the Right Bank area 
are being prepared in this manner; no special inspection has been made by these 
officers of the areas coming under the Eastern Nara Project. 

23. In the mea.ntime the 'writer had submitted to Government in June 1916. 
for approval, a rough outline for the combined project· showing how each· canal 
system could be given the necessary water levels and supply and giving I. pro­
posed design for the barrage. 

24. On my return from Military Duty in January 1918 these proposals were 
returned to me, with the comments of the Chief Engineer for Irrigation, Bombay. 
ADd of the Inspector·General for Irrigation, and with instructions to draw up the 
detailed plans and estimates for fhe barrage on the lines suggested. 

25. These detailed plans and estimates accompany this report and form 
the project for the proposed Sukkur Barrage. As will be seen, they embody a 
very large amount of work, ,,-hich was done in the original, single handed by the 
writer, as the only subordinates then available were employed on nrvey in the 
.field. Recently further staff has heen placed at my disposal, and thia II.IS been billy 
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occupied for some months in checking and fair copying these plans and estimates, 
and in \Yorking on the canal projects. 

26. The disastrous low inundation of 1918 has provided a most striking 
proof of the necessity for the barrage, and the zamindars on both banks of the 
Indus are now said to be most anxious for its construction, in order to protect 
them from a possible repetition of the losses, famine and hardships, that resulted 
from the· failure of the inundation canals last season. 

27. A most instructive note has been written by the Hon'ble Ilk Law­
rence, C.S.I., I.C.S., Commissioner in Sind, dealing with this matter, 'and is attached 
herewith 8.l! Appendix D.' Mr. Lawrence shows the' immense advantage which 
would have accrued to Sind and to India in 1918 had the barrage and new canals 
been in operation. He shows that the benefits in that year alone would have 
amounted to about £10 millions, a figure which approaches the whole probable 
cost of the combined projects, so that one 9r two such years would pay for the 
whole cost of the scheme. 

28. Additional reasons for t.he project are that with the revised proposals, 
ii is found that- . 

(a) an additional area of over 400,000 acres can be commanded.on the 
Right Bank, much of 'which has, at, present, practically' no water 

. supply, and is all first class soil ; 

(b) it will now be possible to give guaranteed full supply level to the Khair­
pur Canals. This wll;.s not available in the 1909 project; 

(c) a great !!Sving can be efIec1!ed in the cost of the upper portion of th~ 
Rohri Canal as compared With the 190'9 project; and 

(d) it will be possible to give an assured full supply to the Eastern Nara. 
System at all times of the year.'fhis was not provided by the 1909 
barrage. 

29. All the above points will be fully expla.ined in the projects dealing with 
e&ch work separately, which combine to form the complete Scheme now prop~sed. 
They will also be referred to later in this project, when describing th.e design, 
of the Barrage. (See Section VII, 'paragraphs 48 to 68.)' 

SECTION III. 

Scope of the Combined Projects. 

30. The present combined projects, of which the barrage project now sub­
mitted forms only one part, comprise the following works :-' 

(a) The barrage across the Indus. 

(b).A system of large canaL~ on the Right Bank of the river to irrigate 
the whole area it is possible to command. Some of these canals 
will be perennial and others will flow in the kharif season only. 

(e) Two seplJrllte canals on the Left Bank of the river to irrigate the lands 
of Khairpur State. 
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(d) The Rohri Canal on the Left Bank to extend, and substitute for the 
present inundation canals system, a modern perennial system with 
an assured supply. 

(e) A new head to the supply channel to the Eastern Nara River feeding 
the Jamrao Canal and the Eastern Nara Canals system. This will 
ensure' a perennial' full supply for the Jamrao Canal and for the 
eventual development of the other canals of the Eastern Nara 
system requiring perennial water, and an increased and assured 
supply in the kharif season to other tracts of the Eastern Nara. 
system which do .not requirerabi water·. 

-SECTION IV. 

Works included in this Report. 

31. 1. (['he Barrage proper.-·This consists pf a wide masonry floor; with 
top at R. L. 176'0 founded on the sand of the river bed, and protected by aprons 
of concrete blocks and stone pitching, and by curtains of steel sheet piling driven 
below the floor and embedded in. its under side. On this masonry floor will be 
stout masonry piers at clear spans of 60' supporting, side by side, two separate 
masonry arched bridges. The upstream bridge will be at a high level, and will 
consist of two separate arches, one 8' wide and the other 5' wide, with a gap of 16' 
between them in which the gates and counterweights will hang. It will carry the 
flU pporting pulleys' and the operating machinery for Stoney gates of 60' clear span, 
which lowered, will close the openings between the piers, and head up the river 
to. the required level. These gates will be balanced by counterweights. The 
height of the gates being 18' 5' it will be possible to head up water to R. L. 194' 5 
at all times, and this will give the required depth of water iri the canals. The 
-downstream bridge will consist of a masonry arch, 25' wide, springing at high flood 
level, and carrying a 16' roadway, and footpaths for ordinary traffic crossing 
tile river. 

II. Canal Head Regulators.-See Drawing Nos. 60 and 4. 

(a) On tlte Left Bankthere will be canal head regulators for the following 
canals, count.ing upstream from tl:e barrage, viz. :-. 

(1) Khairpur feeder west, 2 spans of 25' clear. 

(2) Rohri Canal, 10. " . 25' ". 

(3) Khairpur feeder east, ~ " 
25' 

" 
(4) Eastern Nara Supply Channel, 12 spans of 25~ clear. 

(5) These regulators will be connected to each other and to the 
barrage by masonry river walls joining their abutmentS 
and supporting the earthen banks of the canals behind. 

(6) At the upstream end of the Eastern Nara Regulator will be a 
masonry wing wall, forming a terminal retaining wall for 
the end of stone-pitched upstream guide bank, which com­
mences at the abutment of ihis regu!ator. '. 
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(b) On the Right Bank there will be canal head regulators for the following 
canals, counting upstream from the barrage, viz. ;-

(1) South-Eastern Canal, 

(2) Central Rice Canal, 

4 spans of 25' clear. 

10 " 

(3) North-Western Canal, 5 " 

25' 

25' 
" 
" 

(4) All on the Left Bank there will be masonry connecting walls 
between these regulators, and between the South-Eastern 
Canal and the barrage. 

(5) There will also be a masonry wing wall at the upstream end 
of the North-Western Canal at the connection with the 
stone-pitched upstream guide bank. 

III. Guide Banks-

(a) On the Left Bank there is a guide bank upstream of the canal regulators. 
This consists of an earthen bank with 25'top width, and slopes of 2 to 1 and It 
to 1 on the land and river sides respectively. The top'of bank is to be made 2' 
above the estimated highest flood level or about 5' above the highest recorded 
flood, except near the regulators where it slopes up to 'meet the roadway over 
regulators. The top of bank will be used as a main road for access between bar­
rage and Rohri. The river-side slope is protected with stone-pitching down to 
low-water level, and from this point an apron of loose stone, 50'wide, is laid on the 
river bed or at low-water level. The contents of thill will fall as scour occurs 
and will thus form a pitched slope below water. 

This bank will continue upstream for a length of about 9,100' at which point 
the river bank is already protected with stone-pitching. From here upstream 
for another·5,400' the bank will be continued along the edge of river bank but 
without stone apron. The bank here is merely needed for retaining highest 
estimated flood, not for protection against scour, as the river bed here is 
rock. 

. (b) On the Right Bank there is a protected guide bank upstream of the 
regulators similar to that on the Left . Bank. This runs for about 4,540' until 
it meets the existing masonry blroder wall. The latter will be raised in height 
an average of about 3 feet for a distance of 8,400' nearly up to the railway 
bridge, beyond which point it is' already high enough to exclude the highest 
estimated flood. 

(e) On the downstream side of barrage there are curved splayed guide 
banks on each bank, 1,000' long, curving out to meet the natural river banks. 
These guide banks are each protected on the riverside slope with stone-pitching 
and with an apron of loose stone 50' wide. 

SECTION V. 

The new site for the Barrage. 

. 32. In accordance with the suggestions made in paragraphs 34 to 37 of the 
London Committee's report (see Appendix B.) the course of the river below the 
Sukkur gorges has been carefully examined to find a suitable site for ~he barrage. 
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33. .After careful consideration a site about 3 miles below the Landsdowne 
Bridge has been selected and approved by the Government of Bombay. 

34. The reasons leading to' the selection of this site were as follows :-

(a) The stretch of river between the site and the Bukkur gorges has main­
tained its banks, practically unaltered for as many years as surveys 
are available. A survey made in 1876 shows the bank.~ of the river 
in this section to be practically the same as at present. 

(b) The width of the river at the site selected is sufficient to enable the 
requisite waterway to be given through the barrage, without having 
to go to an excessive depth for the floor. 

(0) A barrage at this site will have no tendency to obstruct or alter the 
natural conditions of the river above the gorges during floods, and 
hence' introduces no danger of an avulsion above the gorge. 

(d) At any point higher upstream the width is insufficient for the barrage, 
and below the site the river begins to swing from side to side through 
less clearly defined banks and would necessitate much heavier train­
ing works. 

(e) The position of the Right and Left Bank Canal heads at this site is 
about 3 miles nearer their co=anded areas and the new heads 
for Rohri and Khairpur Canals avoid the heavy rock cutting through 
Rohri. 

Similarly the new head ~or the Eastern Nara Supply Channel, although 
longer by 4 miles than the existing head, will be entirely through 
soil, -and will avoid the difficult and expensive widening through the 
rocky portion up to the 4th mile of the existing head, where the 
new head will meet it. The existing supply channel below this 
junction point is all in soil, and there will be no rock cutting m 
the widening. 

U) The site is sufficiently far from the gorges for the river water to have 
settled to a steady flow, while the velocity is comparatively low, so 
that surface wat!)r will not be -surcharged with an abnormal quantiiy 
of silt. 

(g) No rock is met with anywhere on the site for a great depth, so that the 
barrage and regulators can be designed throughout to be founded 
on sand (or silt) on principles well understood, and eliminating the 
uncertainty of foundations in doubtful rock. 

(11) The barrage can have a straight alignment normal to the centre line 
of the river~ which:flows to it on a gentle curve for a distance of 2! 
miles. 

35. At the site selected, gauges have been fixed on either bank and the cross 
section of the river on this line is now measured weekly, on the same day that a 
cross section and discharge observation is taken at the Outfall Section about 
6,100' above. 
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Plans Nos. 3 and 40 show the position of the proposed Barrage Section and 
the Outfall Section. The cross sections at barrage site are' plotted o~ plans 
Nos. 34 to 38. On each section is shown the actual area of the waterway on that 
aate, and also the clear waterway available through the barrage at the same water 
level. 

SECTION VI. 

Effect on the River of the Works., 

36. This matter has been very carefully investigated in .. A Note on the 
Surface and Bed Levels of the River Indus at Sukkur dllJ'ing great floods, and the 
estimated afHux due to barrage" attached t<? this report as Appendix E. 

37. The highest water level ever recorded at Sukkur on the Bukkur gauge 
gave a gauge reading of 17'9 on 28th and 29th August 1897 equivalent to wateJ: 
surface R. L. 202' 34 (zero of Bakkur gauge being R. L. 184' 44), but the discharge 
of the river on that date is not lmown as discharge observations were not com­
menced till March 1901. 

Since the latter date the highest river recorded was on August 3 and 4, 1914, 
when Bukkur read 17' 4, equivalent to water level R. L. 201' 84. 

The greatest discharge ever recorded at Sukkur Outfall Section was 949,000 
cusecs on 1st August 1914 when Bukkur read 17'0, or water surface R. L .. 201·44. 

38. It has been decided (see paragrnph 1 of Appendix E) to assume for the 
design of the barrage that a flood of 1,500,000 cusecs might occur, passing Bukkur 
at a level of R. L. 205' 0, or 2' 66' higher than the highest recorded flood. 

39. Paragraphs 3 to 28, Appendix E, explain how the water level and bed 
level at Outfall and Barrage Sections 'for this assumed Hood of 1,500,000 cusecs 
have been deduced. 

40. Paragraphs 29 to 31 of Appendix E show the effect of introducing into 
the tapered river channel, the barrage Hoor and the parallel throat formed by 
the canal regulators on either side. 

41. Paragraph 32 of the Appendix E gives the calculations for afllux due 
to the barrage piers, and paragraph 33 shows the total effect of the barrage 
works. 

These 'are found to give an afHux of 0'99, or say 1 foot at the barrage for 
the assumed flood of 1,500,000 cuseC!j,. The backwater effect of this aftlux would 
be very slight at the Outfall Section and probably would not raise the water level 
there more than 4 or 5 inches, and the effect would probably disappear altogether 
at Bukkur. 

42. The barrage would therefore have little or no effect even in the greatest 
floods on the level of the river above the gorge. 
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43. Plan No. 39 shows the following cross sections at barrage site, being 
maxima ana minima sections during the period of observatiorm, viz., 1917,1918, 
1919:-

(a) Maximum section below datum, i.e., the sections with lowest average 
bed level in the hot and cold seasons respectively. 

(b) Maximum waterway sections· in hot and ~old weathers respectively. 
. , 

(0) Minimum sections below datu~, i.e., sections with highest average bed 
levels in hot and cold weathers respectively. 

(d) Minimum waterway sections in hot and cold weathers respectively. 

On each section is shown the proposed barrage floor at R. L. 176 and . 
the clear .waterway available through the barrage with the water level shown on 
the seetion. 

44. It will be seen from these sections that the proposed floor level is con­
eiderably lower than the lowest average bed level recorded, so that there' seems 
no reason why the barrage should interfere in any way with the flow through the 
gorge, and through the river below. The deep channels usually scoured in the 
river downstream of the gorge, in the flood season, gradually spread out into a 
more or less even section long before they reach the barrage site, and it is only 

, in the cold weather, when the discharge is low, that defined deep channels are 
made on either bank at the barrage site. As the floods rise, the bed in the centre 
of the river is scoured out, and the side channels fill up, probably with silt waves 
rolled from the gorge. The barrage floor gives a lower average bed right across 
the stream, than naturally forms, so that it should not interfere in any way with 
the scouring out of the. gorge. On the contrary, at the beginning of the floods 
the wa~r will have an easier channel at the barrage site, and by manipulating 
the gates at any point desired in the width of the stream, it will be.possible to 
induce scour at that point, and to train the river streams accordingly. 

45. Since the present river banks have remained practically, unchanged 
for, at least, the 40 years for w4ich records are available, and the barrage will 
have no tendency to make its action less steady, on the contrary will tend to 
steady it by giving a constant level bed throughout the floods, there is no reason 
why the banks between Bukkur and the barrage should tend to change, or need 
to do so. 

The river has evidently cut for itself a channel which acts as a permanent 
diverging mouthpiece, or Venturi neck, for distributing the confined streams 
illBuing from the gorges and between the rocky bluffs below the gorge. 

46. It Is proposed therefore to dress these banks to the regular curves to 
which they now approximate and to protect them from erosion with stone pitched 
slopes, and with an apron of loose stone laid along the we of the slope, which 
apron will settle down into any channel that may be scoured along the bank and 
thus extend the pitched slope down to the lowest point scoured. 

We shall thus obtain a permanently protected channel of the same form as the 
rivel' has made for itself, and fouild to meet its needs for so many years. 
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47. It is only when the discharge of the river has been much reduced, and 
the level is lower than that needed for irrigation, that the barrage will alter the 
natural conditions of the river. As soon as this condition is reached some or all 
of the gates (usually all of them) will be partially closed so as to head up the river 
to the required level. As the natural river level falls, the gates will be more and 
more closed, so as to always !Ilaintain the level required for the canals. This level 
will be about 193'5 for the greater part of the year and during the hot months 
the Eastern Nara may require water to be held up to the top of the gates, viz., 
R. L. 194'5. Whenever there is a large surplus river discharge to pass the bar­
rage, it will be possible by raising all the gates by an equal amount to head up 
water still higher, but this will probably not be requir~. This point' will be 
ilealt with more fully in a later paragraph. 

SECTION VII. 

Canal Supply. 

48. The barrage enables water to be headed up in the river to a sufficient 
level at all times of the year to give the required levels in the canals. 

49. The average monthly river discharge will always be greater than the final 
requirements of all canals combined, after full estimated development of culti­
vation has been attained (see statement No. I, Appendix M). 

50. On a few days during many years recorded, the discharge of the river 
has fallen below the total requirements of the canals, but these very low dis­
charges occur very seldom, at long intervals, and never remain at these low figures 
for more than a few days at a time. Even if there were no compensating features 
nor any reservoir capacity on which to draw, the effect of these occasional days 
on the canals would be negligible. The deficiency is so small that it would 
make a very small difference in the level of the river with all barrage gates closed, 
and only a small reduction in discharge in ail canals fully open; but if necessary 
it wOllld always be possible to close one or more canals in rotation, for one or two 
days, and thereby give full level and supply to the others. This is never likely 
to be necessary for the following rea:sons. 

51. . These occasional days of deficiency occur only in the rabi season, when 
the level required by the canals is not more than 193'5 in the river. Arrange­
ments will be made to measure the river discharge, say twice a week, as at present 
at a convenient point above the barrage. As soon as there is any sign of the dis­
charge falling very low, the barrage gates would be fully closed and water headed 
up to the top of them, viz., R. L, 194'5, thus giving one foot depth of water in the 
river greater than required for the canals .. At such a stage of the river the back­
water effect of the barrage will reach about 30 miles upstream .. The average 
width of the wate;r surface may be taken as at least 4,000' including backwaters 
so that a reservoir capacity of 4,000 X 30 X 5,280=633,600;il00 cubic feet is avail­
able to draw from, to make good the deficiency, before the level required for the 
canals is affected at all. If the deficiency of river discharge amounted to 3,000 
cusecs, this could be met from the reservoir capacity for 2i days, or a deficiency 
of 2,000 cusecs could be met for 31 days, or a deficiency of 1,000 cusecs for 71 
-days. 
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, In the worst year on record (out of 18 years) the deficiency was less than 3,000 
cusecs for 2 days and about 600 cusecs for a further 5 days, so that the reservoir 
cpuld almost have met this deficiency, without the canals suffering in any way. 

52. Moreover, if experience shows that any real deficiency may occur to the 
'canals, there is a further reservoir area which could always be utilised. The 
maximum rabi demand of all canals combined, includes that for the fully developed 
Eastern N ara System. This development of the Eastern N ara ,System includes 
the provision of containing banks on either side of the Nara River and the preven­
tion of the present huge outfl~w of water from it, during the inundation season, 
into the numerous large "Sangs" which adjoin it. If necessary these sangs 
could be filled up through sluice heads, during the months of October and Novem­
ber, when there is always a large surplus of discharge in the river, and the water 
thus impounded could be let back into the Nara in days of deficient supply in 
the river, and thus save part, or the whole, of the discharge for this system, from 
the river, during such days. The final requirements of the Eastern Nara System 
in October when fully developed will be over 5,000 cusecs less than the full kharif 
supply, so all this quantity could be passed down to fill up the reservoir area in 
the " Sangs." 

53. It is evident however that in months of smallest discharge these canals 
will extract the major portion of the river supply and there will be only a small 
surplus to pass below the barrage. This may affect the discharge and level of 
the river at Kotri, and of the Fuleli Canal, but it is ahnost impossible to say to 
what extent. 

54. The length of the river between Sukkur and Kotri is about 300 miles 
so that its chaunel, with all the backwaters, forms an immense reservoir draining 
t{)warru. Kotri. 

55. It is seen from the records (see statement No. III, Appendix M) that 
the discharge at Kotri, during the cold weather months, is ahnost invariably 
greater than at Sukkur, and this can only be due to water flowing back into the 
main stream from the backwaters, as the river level falls, and perhaps slightly 
assisted by seepage. In mop.ths when the surplus' discharge passing the barrage 
is fairly large, some of these backwaters would be filled up, and when the surplus 
is much reduced, they would return their contents to the main stream. 

As the periods of very small surplus never last for long, it may be assumed 
that in most years these backwaters would be re-filled at short intervals and 
would thus maintain a fairly good supply to Kotri. But in years of unusually 
small discharge at Sukkur, such as 1903 and 1917 there can be no doubt that the 
large withdrawals at Sukkur' will affect tIre discharge at Kotri. 

56. The Fuleli Canal is the only one below Sukkur which now gets any 
supply during the cold weather. The discharge in the river under the worst condi­
tions possible after the construction of the Suld.-l.lr Barrage would be far more thau 
the present cold weather supply of the Fuleli (usually less than 2,000 cusecs), but 
the level of the water in the river and in the canal (and therewith its discharge)" 
might be prejudicially affected. 
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57. But an inspection of the past records of gauge readings and discharges 
at Kotri for low discharges in the cold weather, shows an even more marked lack 
of connection between river levels and river discharges than at Sukknr (see 
statement No. II, Appendix M). 

58.. Thus (a) on 29th March 1902 with a discharge of 24,882 cusecs the 
gauge read only 2'9, while on 17th 1\Iarch 1903 with a discharge of only 19,772 
C\1secs the gauge was'· 3' 7, or . 8 feet higher. 

(b) Again, on 13th March 1900 with discharge of 31,313 cusecs the gauge 
was only 3' 8' while on 8th February 1906 with practically the same 
discharge-31,557-the gauge -was 6'0, or 2'2' higher. 

(e) Again, comparing the discharges on 10th April 1917 (the minimum dis­
charge ever recorded at Kotri) with that on 29th March 1902 (the 
minimum gauge reading recorded at Kotri) we see that on the latter 
date a discharge of 24,882 cusecs passed with a gauge reading of 2'9, 
while on the former date a discharge of only 17,353 cusecs, or 
7,500 cusecs less, passed with the gauge reading 4'5, or 1'6' higher. 

59. Similar, but less marked, variations are found in anyone season. 

Thus on 30th January 1902 with gauge reading 4'4 the di'lCharge was only 
26,405 while on 8th !\farch 1902 (iiV(' weeks later) the discharge was 32,108 with 
gauge reading only 3' 5, i.e., '9 feet lower. 

60. Thus It appears that the surface level of the river does not depend very 
much on the discharge, but more probably on the shape and length of the river 
in the vicinity of Kotri at the- time. 

61. The records show, moreover, that the river level at Kotri for similar dis­
charges is steadily rising, so that small discharges are now passed at the same level 
as much larger discharges were passed years ago. This is probably due to the 
gradual raising of the river bed due to the extension· of the delta and thereby the 
flattening of the hydraulic gradient of the stream, and to the retention of silt in 
the river channel, caused by the construction of river bundt>. 

62, Hence although the proposed withd~awals at Sukknr in the cold weather, 
in years of small discharge, would probably rednce the discharge at Kotri consider­
ably, y~t they may not have much effect on the level of the river at Kotri, and 
if they do not, then they will not affect adversely the discharge of the FuIeli Canal. 
Experience·alone will show how far these assumptions may be true. If they are 
not approximately correct, then it must he conceded that any scheme of perennial 
canals taking off at Sukkur might prejudicially affect the Fnleli rabi supply, and 
that to protect this another barrage below it might be necessary. Such action 
has not heen~ seriously considered hitherto, and it appears unnecessary to do so 
until some: definite proofs of the effer.t of tIle barrage are . available. This can 
only be after construction ~f the latter, As it will be a good many years before 
the full rabi development Ilnd water demand is reached, there' will be sufficient 
time to stu~y the matter after construction of the barrage. 

63. Statement:IV, Appendix M, shows the cold weather discharge of the 
Fuleli andt the Kotrifdischarges and~ gauge readings for the past 16 years, from 
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'which it will be seen that in some years the, Fuleli ceases to How altogether, and 
is usually less than 2,000 cusecs during these months. 

64. Returning now to the supply for the proposed new canals, these may 
be dealt with seriatim. 

65. Rohl'i Callal. - It is proposed to fix the F. S. L. of this canal at R. L. 
193'0 requiring R. L. 193'5 in the river. This river level can be maintained by 
the barrage, at any time thro~ghout the year, as it is one foot lower than the top 
of the gates. The proposed F. S. L. is higher than necessary for supplying the 
lands originally included in the command of this canal, but the raised level has 
the following great advantages:-

(0) It reduces the very heavy cutting by about 31 feet from the head to 
mile 16 of the canal, at which point, a fall will be given to bring the 
F. S. L. down to the same'level as proposed in 1909. 

(b) It reduces the height of the regulator gates, as these have to reach 
above H. F. L. of the river, whatever may be the F. S. L. of the 
canal, while the cillievel can be raised with the raised bed of canal. 

(I) It is requirecl for supplying a small branch proposed to be made to 
replace the existing tail of the Arorwah commanding about 40,000 
acres ot good land, the supply of which will be cut off by the new 
head to the Eastern Nara Supply Channel, the level in. which will 
be lower in the rabi season than that of the Rohri Canal. 

66. Khairpur Feeders, East and West.-It is proposed to fix the F. S. L. of 
these two canals at R. L. 193' 5 requiring 194' 0 in the river. This river level can 
be maintained by the barrage at any time throughout the year. 

The proposed F. S. L. gives to the existing systems of canals a, guaranteed 
level which at present they can only obtain when Bukkur reads 11' 5', a level 
which frequently is only attained by the river for a few days in the year. 

In the 1909 Projects, Dr. Summers allowed them a F. S. L. 'equivalent to 
10'3 on the Bukkur Gauge, arid this too, dependent on a natural river of that 
height, since the 1909 Bar~age' only headed up water to 7'56 on Bukkur 
{R. L. 192). 

Hence the 1909 Barrage afforded no protection, to the Khairpur Canals 
and in the critical months at the beginning and end of the khanf season, t.he 
river is often much below the required level of 10'3 On Bukkur. 

Thus the proposed guaranteed F. S. L. is nearly 4 feet higher than could 
have been guaranteed by the 1909 Barrage, and is 2' 2 feet higher than the 
designed F. S. L. in 1909 and which could not be guaranteed. 

. , 

It is found from the gauge readings on the existing combined head Regula-
tor of the State Canals that they usually begin to cut oft water when the down­
stream gauge thereon reads 12'5' = R. L.193·1, 

The proposed F. S. L. will give a level of R. L. 193'0 at this point, showing 
that it is just what is needed. In the case of the East Feeder there is a slight 



further gain of head to the point where it joins the ~Iirwah at Khairpnr, owing 
to the shorter length and better gradie,nt of the new chaimel as c~mpared with 

• the existing canal. _ -

The present proposals give a guaranteed F. S. L. whenever required. A 
pere~l supply is not provided for these canals, as it was not desired by the 
State Aniborities in 1909, and the State at present has no rahi supply. There 
is in fact no surplus rabi water available in bad years, but heavy bosi water­
ings could be given in the month of October or November and for rice crops early 
waterings could be given in April and May. At present their canals are never 
-opened till June. The State therefore benefits greatly ,by the present proposals 
~s compared with those of 1909. 

Statemeat No. V, Appendix M, shows the reoorded measured discharges of the 
1!tate Canals from 1905·06 to 1918 ; these have been measured through the courtesy -
-of His Highness the Mir of Khairpur, to provide the necessary data for design o~ 
the new canals. 

67. The Eastern NaTa System with the Jamrav. 

(a) The supply to this system presents a somewhat difficult problem 
chiefly owing to -the. very little information available about the 
state of tAe Nara river, which is used in a length of about 135 mile~ 
as a B)lpply channel for the canals of this system. 

(b) It is necessary first to explain the proposals made for this system in 
the 1909 project. 

It was proposed to make containing banks on either side of the Nara River 
throughout this 135 miles of its length so as to prevent its discharge 
,from being wasted at high levels into the numerous" Sangs" past 
which it flows. In other wor-ds it ,was to be rougi)ly canalized. 
These proposals remain unaltered in the present p-roject. 

(c) At present the discharge admitted at the head of t.he Eastern Nara 
Supply Channel is sometimes in the kharif season as great as 27,000 
cusecs, but out of this quantlty not!l1ore than about 8,OOO'to 9,000 
cusees is ever utili zed in the canals, the remainder running to 
waste, in the sangs, or down the Nara River to t.he Puran Dhoro 
and eventually to t.he sea, but most of it goes into the sangs. 

(d) The 1909 project funher provided for remodelling the Mithrao Canal, 
for the construction of a new Khipro Canal and for several smaller 
works. The combined discharge required for all these works, 
including evaporation and absorption losses, was estimated to be 
13,500 cusecs. " , -

(e) It was calculated and deduced from measured discharges of the exist­
ing channel, that this discharge was passed with a gauge reading 
18' 5, i.e., R. L. 195' 3 on the regulator near the head of the Nara 
Supply Channel (paragraph ll, Volume 7,[1909 Projects). This 

,level is obtained at the regnlato;r 'when the Bukkur gauge reads . ..~ '". . . 
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. about U feet=R, L. 195'~4 -{paragrapl! . ~2, Volume 7, 1909. Pro­
jects) and it was stated ,that t.hildevel 'COuld usually: be. expected. 
in the river from the 15th June to the end of September; hut thia. 
is not so (see later). 

-: , . . 
The top of the barrage gates as designed in the 1909 projects 

being at R. L. 192 only, this barrage could not have given. the level 
required for the Nara, so that the latter remained an unprotected 
canal, dependent on a natural river of not less than 11 feet on Bu.k­
kur. 

(f) If the' ~ables of gauge readings at Bukkur (Appendix F) are examined 
it will be seen that in the past 20 years;1899 to 1918,there were only 

. 28 m~mths during which the liver was maintained at, or apout, 11' 
on most days during the month.. In the remaining 52 months of 
the kharif season during those years, the river fell below 11', often 
to a very considerable extent, for a large number of days in each 
month. In 1918 the river only reached 11' on Bukkur for 11 days 
in the whole season (15th June to 30th September) 9 of those days 
being at the very beginning of the season, while the average monthly 
gauge readings were as follows:-

Average Average 
gauge 

.... ding. 
de6ciE'noy 
for 1909 
projeot. 

June (15th to 30th) ;. . . 10'84 0'16 

July .. . . 8'64 2'36 

August 9'10 1'90 

September 7'90 3'10 

alid the 1909 barrage gave only the equivalent of 7'56 on Bukkur 
so it would have given no assistance. Thus the 1909 project can­
not be considered to have provided a satisfactory supply for the 
N ara System. 

(g) A proposal to widen the Nara Supply Channel to 218' .ped width (pre­
sent width about 140') was discussed briefly in paragraph 11, Volume 
'7 of the 1909 Project, but was ruled out by the Chief Engineer for 
Irrigation (Mr. Hill) as unnecessary. No details of the proposed 
changes in F. S. L. due to this widening are given in the report, 
but in the project drawings, the F. S. L. both without widening and 
with widening are drawn on 'the longitudinal sections,. though no 
figures are given for the latter case. 

(h) It is seen from these sections that wi-thout ~idening, the proposed F. 
S. L. and surface gradient was practically the !lame thro;Jghout 
the supply channel and the Nara River, as the actual observed 
water levels for a similar discharge.' This appears quite correct. 
But when the supply channel, i.e., a length of 12 miles out of a 
total of 105 miles to Jamrao, was to be widened to 218, the 
surface level for the Ba:m~ discharge was lowered '5 feet at the 
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Ij.ead,- .lIdld the, l1Ydr:aullj! gro;«llept- fiatj;ened throughout, so as to 
. give ·th~sa!p.e· !!Urface. level. as befor,e ali . the 60th. nrile from the 
. Jiead. . 

. '(1) At the 12th mile, where widening cea~ed, thiS gave a water level 4'4' 
, , lower' th~ri the observea actual water l~vel for such a discharge, 

this difference gradually dying oilt to nothing at the 60th mile, 
Hence it is 'obvious that some alteration, either widening or deepen­
ing, was needed in the .. Nara River up to the 60th mile •. 

,m No mention is made anywhere in the project of such deepening or im-
. provement beyond the 12th mile, It seems to have been ass~ed 

that all that was necessary was to widen and deepen the first l2 
miles (the Supply' Channel) and that as the required supply could 
then be passed through that portion with 5' less depth at head, this 
discharge would find its way down the Nara River at the "lower 
level. . Such all assumption does not app~ar to be justified, alid 
deepening throughout the first 60 miles would seem to have been 
necessary. 

(k) If, however, it is considered that this was nol necessary, the problem of 
supply is' very much simplified as will be seen later. 

(l) Returning now to the present proposals; the 'method of fixing the re­
quired' F, S. L. may be explained.-

Gauge readings have been recorded in the 12th mile of the Eastern 
Nua SupJ.l.ly Channel and on the head regulator since IB72 whiltl 
discharges at the head of the ~~ra have been measured since 1905. 
These show that similar, discharges are passed at. the 12th mile with 
very dill'erent gauge readings, and the tendency is for a higher 
level to be necessary at the 12th .mile in recent years, to pass a given 
discharge, as compared with earlier years. This may be due to two 
causes, viz., side groyning of stone in the supply. channel, and 
deposition of silt in the Eastern Nara and the supply Channel caused 
by the heading up of water when large Ghotki floods ~ntered the 
channel in past years. 

(m) For purposes of estimating the leve.! required at . 12th mile to pass a. 
given discharge, the lowest levels hitherto recorded for such a. dis­
charge are adopted, it being assumed that if the channel has at 
one time taken the given discharge at such a level, it can do so 
again, or if not, that only light repairs or improvements will be re­
quired to bring the channel back to its original state. 

- . 
(n) The total estimated discharge which will be required after full ,dev.elop-

ment of irrigation on aU canals of the system (to be described in the 
separate canal project for this system) is 12;000 cusecs including 
losses ell rOllie. 

(0) Now in 1914 a di.,charge of 12,000 cusecs could be passed at the 12th 
mile with water level 189'3.--
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The distance of the 12th mile gauge from the new head. at the 
barrage is 80,250'. The. new head· and the widened supply channel 
will be given a gradient of 1 in 16,400 (bed width 350'). Hence 
the water level required at the new head of the channel is ·194' 2. 
AlloWing for '3 loss of head in the regulator (designed accordingly) 
we require R.'L, 194'5 in the river, wbich can just be given at any 
time by the barrage, the top of whose gates ill at this level. 

(p) As there is a'fall of 85' in the 93 miles of the Nara River from 12th mile 
to Jamrao head, or,an average slope of 1 in 5,800 only, and the 
section is in most places very wide, there can be no doubt 'that it 
is possible to carry the required supply to the Jamrao by removal 
of bars if necessary. 

(q) The conditions' assumed in this report for the new supply to this chan­
nel, with F. S. L. 19.1' 2 at the -head, give a resulting supply below 
the 12th mile, at exactly the same level as has actually occurred 
with such a discharge, and hence with these conditions no altera­
tions or improvements to the' channel should be needed below the 
12th mile. These conditions represent the, worst po~sible case 
and as has been showJ;l, the barrage is able to meet this case. 

(r) Considering however the great fall which is available below the 12th 
mile it seems probable that it will be more economical to make 
some improvements in the Nara River below the 12th mile, pro­
bably by removal of bars across the bed, and by this' means to lower 
the water level at the 12th mile. Any reduction in this level will 
enable a steeper gradient, and narrower (and therefore eheaper) 
channel to be used for the new head and existing channel up to the 
present 12th mile. This matter WiII be carefully 'gone into in the 

,detailed project for this system. The proposals outlined in this 
rt'port represent the worst case as regardS water level required and 
size of channel, and these are, merely tent8.tive suggestions to 
show that it is· possible to give the required supply from the 
barrage as now designed. 

(s) For this reason, and similar reasons in the case of other canals, I should 
have preferred to submit this report after the complete projects for 
all callais had been elaborated, so that final proposals could be dis­
cussed, but, as I am pressed to submit this part of the project immedi­
ately, I have to make tentative proposals to meet the worst possi­
ble (·ase. 

68. Right Ban~' Oanals.-

, (a) There wm be three separate systems of canals on the Right Bank, as 
follows :-. . 

(i) The South-Eas!-ern Perennial Canal. 

,(ii) Th,e~ntralKharif (Rice) Canal. . 

(iii) The North-Weste.n'Perennial Canal; , 
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(b) The two perennial canals will eventually require a nearly constant dis­
charge all the year round, and for command purposes the F. S. L. 
should be constant all1;he year round. Hence it must be fixed at a 
level whic~ can be guaranteed (with a margin) by the barrage at _ 
all times. 

(e) The F. S. L. of both canals is therefore taken as R.. L. 193'0 at the 
head, requiring 193' 5 in the river. The barrage can give this level 

-with a margin of one foot all the year rOlmd. This F. S. L. 
enables flow water to be given to practically the whole of the areas 
commanded and extends the command to- large additional areas of 
valuable land not commanded by the1909 projects. The proposed 
F. S. L. is about 4' higher than that in the 1909 project, and 
results in a very great- saving in the cost of exca,vating the deep 
cuttings in the upper reaclles of the _ canals. 

(d) The Central Khanf (Rice) Canal will only flow in the months of April 
to September inclusive, and it will not require £nIl discharge until 
June. The estimated monthly discharges required after full develop­
ment are as follows:- . 

Cusecs. 

In April .. 3,696 
Tn May .. . . 8,849 
In June 11,689 
In July 11,689 
In Augu~t .. 11,689 
In September .. 11,689 

Closed from October to March. 

(e) From June to Septemher 'there is always a large surplus discharge to 
pass the barrage, so that there will be no difficulty in heading up the 
river to the top of the barrage gates, i.e., to R.. L. 194' 5, in fact this 
level could also be maintained in April and May if required. Hence 
the F. S. L. of this canal may be taken as R. L. 194'0 (allowing '5 
loss of head in the head re~ator). 

If it is not convenient to hold up water above 193' /I in April and lI-lay, the 
level would still give the required discharge in the canal, and as no water will be 
utilized in the first 50 miles of the cR,nal, there will be no difficulty in heading up 
to F. S. L. at the first point of offtake. The highest level possible is desirable 
to reduce the deep cutting in the upper reaches ot the canal, and to give the head 
required for two syphons in the first branch (Begari Branch) of the Canal. When 
the commanded area falls rapidly, fall regulators will be built as required in the 
canal to give the proper levels. 

SECTION VIII. 

Navigation on the River. 

69. In the 1909 project for the barrage provision was made for' a Ships' 
Lock for ike passage of vessels through the barrage. 
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The necessity for this lock was questioned by the Inspector-General of Irri­
gation and accordingly a census was taken of boats passing Sukkur in either direc­
tion. This census was maintained from June to October 1917 (the busiest sel\soll) 
and during that period not 1\ single boat was observed to have passed through 
Sukkur in either direction, though hundreds came down to Sukkur from the Pun­
jab, and returned, while a fair numher came from below Sukkur and returned. 

70. All country boat traffic from the Punjab to Sind, of which there is a 
considerahle amount, and also timber raft traffic from the Punjab, invariably 
ties up and unloads at the Sukkur Bunder. Sukkur is in fact a great river port 
and for various reasons has become the river terminus for boat traffic in either 
direction, and there is no through traffic. 

71. Boats from the Punjab bring down principally munj rope, wheat, barley, 
oil seeds and various salts. Much of this freight is probably produced in lands 
adjacent to the Indus and Punjab rivers. and i,q therefore conveniently carried 
to the boats ~ but in any case, as these boats can drift and sail downstream 
heavily laden, river freight is cheaper than railway freight. 

The reasons for their stopping at Sukkur will be shown later .. 

72. On the return journey to the Punjab these boats have to travel against 
stream and for much of the distance have to bet'owed by men on the banks. They 
are therefore not anxious for heavy loads, and' many go back practically empty.· 
The principal freights carried in this direction 'are kerosine oil and spices. 

73. There is very little boat traffic in either direction below Sukkur. 

Rice, wheat and fuel grown in the Karachi District is to some extent carried 
up to Kotri by boat, for distribution locally, or by train thence to Karachi. A 
certain amount of fuel may also go upstream from the forests below Kotn to 
Sukkur. Between Kotri and Sukkur there is a certain amount of boat traffic up 
and down stream and across the river for dist.rihuting thE! produce of one place to 
another, and especially transferring rice from the Larkana District over to the 
Left Bank districts of central Sind. But none of this t.raffic goes beyond Sukkur. 

7 -1. The reasons for this are as follows:-

(a) In the lirst place, Sukkur has become a port in preference to any other 
place in its vicinity because it is built on rock, and the river channel 
never deserts it. An excellent stone bunder has been built in a 
length of nearly 2 miles, against which boats can lie at any season 
of the year. At no other place in Sind, except at Jerruck, 300 miles 
below, are such facilities available. Everywhere else the riYer 
banks are liable to great changes and no facilities for a port can be 
obtained. 

(b) Secondly, Sukkur has become 11 great depot and distributing centre 
for the produce brought to it. A very large proportion of this pro­
duce is distributed in Upper Sind and Baluchistan for which Sukkur 
fiI a most convenient centre. The balance, especially of the grain, 
probllbly comes to Karachi for overseas export. All the Karachi 
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large exporters have depMs at Sukkur, hold large stocks there, and 
distribute to the mITounding country, or bring from there to Karachi 
by train. 

75. The only other traffic on the river consists of-

(i) The vessels of inspecting officers in Sind, viz., the Commissioner in 
Sind and the Chief Engineer in Sind, each of whom has a steamer. 

(ii) A few small steam launches owned by the Indus River Commission. 
These are occasionally needed above Sukkur for survey work, but 
are mostly used belmy Sukkur. 

(iii) There are a few large steamers on the Punjab rivers used for ferry 
duties. These steamers used to come down to Kotri occasionally 
at long intervals to be overhauled in the Hoating dock which was 
formerly kept there by the Indus River Commission, but since this 
dock was lost at sea, on its way to Mesopotamia in 1915, these. 
steamers have not come down, and their repairs are done in the 
Punjab. 

76. Thus it will be seen that there is practICally no through traffic at Sukkur 
and Government has accordingly decided to omit the provision of a ship's lock. 

The cost of making such a lock would be very great, besides introducing com­
plications in the design of the barrage, and it would be difficult to construct. The 
cost would probably be in the neighbourhood of Rs. 15 or Rs. 20 lakbs, wbile 
maintenance expenses would be high. 

77. If it is considered necessary to have inspection steamers for Sind officials, 
and survey launches, above Sukkur as well as below, it would be far cheaper to 
build separate vessels above the barrage and keep them there permanently. The 
steamers in the Punjab do not need to come downstream for repairs which can 
be arranged for locally, and new steamers required could easily be erected in the 
Punjab. 

78. As regards facility for boat traffic between the Punjab and Sukkur,. 
tbis will be much improved by the construction of the Barrage as there will be 
alway~ good deep water for 20 or 30 miles above Sukkur, while beyond that point 
the natural river is not affected. 

At the Sukkur Bunder there will be always deep water alongside, so that boats 
can lie alongside the wall, and the lift for unloading will be reduced. 

79. For boat traffic below the barrage, the discharge in the river will be 
greatly reduced in the cold season by the offtake of the canals, but it is probable 
that the smaller discharge then passing downstream will confine itself to two narrow 
channels, one at either bauk commencing opposite the scouring sluices, and that 
these channels will scour fairly deep and thus maintain a navigable section. If 
not, then this hoat traffic may suffer. But it is an axiom of irrigation engineering~ 
and an obvious fact, that a limited quantity of water cannot be made available 
both for irrigation on the land, and for navigll.tion in the river. rhere can be no 
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question in this case as to where the water would confer the greater benefits on 
the people, and if necessary, it mUst be accepted that the comparatively small 
amount of navigation on the Indus must suffer. 

80. The above facts constitute a further argument against the construction 
of a lock, since even if made, there might possibly be insufficient water in the river 
below the barrage to enable the larger vessels to approach the lock or use the 
nver. 

81. It may be pointed out also, that as soon as the natural river level reads 
12' on the Bukkur gauge, the barrage gates will be fully open, and there will then 
be 14' of head room, between water surface and bottom of gates, which is ample 
for country boats with masts lowered, or for small launches, so that these could 
pass through the barrage at such seasons. 

SECTION IX. 

Communications. 

82. Both the 1909 and the present barrage projects, include the' provision 
of a road-bridge across the barrage for vehicular and foot traffic. 

In the present project the road-bridge is provided solely for that purpose and 
is not required for communication or manipulation of the river works, as a 
separate high level bridge is provided for this purpose. 

83. .At the present time the only means of communication between the 
large towns of Rohri and Sukkur and the country districts and towns behind them 
is by-

(a) boat ferrying across the Indus, 

(b) by railway across the Landsdowne Bridge, 

(c) by road across the Landsdowne Bridge when trains are not running. 
The provision for vehicular and foot traffic is thus very poor, as the 
railway bridge is frequently closed for the passing of goods and passen­
ger trains. The railway also levies a toll on all vehicles crossing the 
bridge. 

84. The provision of a new bridge, always open for traffic, has been consi­
dered a desirable feature of both the barrage schemes, especially as by combination 
with the barrage, the bridge can be made much more cheaply than it could be 
built as an independent structure. 

85. In this connection the following extract from 'Notes by the Chief Engi­
neer for Irrigation, Bombay (Mr. Beale) on Mr. Musto's preliminary report on 
Barrage," dated September 1916, is given;-

" I think a roadway of good size, 20 feet, clear, apart from footway 5', 
should be built on reinforced concrete arch ribs, and that this, or at least 
15/25 of this, should be paid for by Provincial funds. In the latter case, 
10/25 may be assumed to be the necessary share debitable to the 
barrage, to allow of a craneway for the removal of gates, etc., for 
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repairs, etc. The Irrigation Department would then have a right to 
maintain a craneway along-one side of this road." 

86. As no part of the road-bridge is now needed for the barrage 
it may be considered fairly that Provincial funds (Rs. 19,36,326-for details, 
see' Appendix P,) should bear the whole cost of the road-bridge, and 
such part of the piers as are necessary to carry it, and not otherwise 
needed for the barrage. It is not proposed to debit any part of the cost of found­
ations to the road-bridge, as these are needed in any case for the barrage. 

87. The present project provides a bridge 25' feet wide, carrying a 16' road 
way and two foot-paths each 3f' wide, or alternatively an 18' roadway and 
one footpath 5' wide. The roadway with the same dimensions is continued with 
a right angle turn on either bank, over bridges across the head regulators of the 
canals, and thence upst,ream along the top of the guide banks by the river edge, to 
Sukkur and Rohn respectively. 

88. On the Right Bank the roadway across the barrage also continues in 
a direct line along the top of the canal bank, tmtil it meets the existing Jhali -Bund 
where it joins the existing road to the south-east, which runs along the toe of the 
bund. 

On the Left Bank the roadway over the barrage will be continued along the 
canal bank to join the main Rohn road which crosses the canals about half a mile 
frOUl the barrage. The details of these inland roads will be elaborated in the 
canal projects. 
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Plan, Length and number of openings-See drawings Nos. 3 &; 4. 

89. In plan, the barrage is built on It straight line, normal to the centre 
line of the river above it. Owing to the tapered plan of the river banks, and to the 
long p~rallel flanks formed by the regulators, the upstream ends of which must 
meet the river banks, the abutments of the barrage will be made in the river 
bed about 400' from the high banks on either side. 

,The downstream guide banks will eventually close the space between the 
barrage abutments and the present river banks, but before ·these banks are com­
pleted it is probable that this space will have silted up to ('old weather water 
level. The dividing banks between the canals in this portion, i,e., from. regu­
tator to river ba.nk, will be formed from the excavation further down. 

90. The full length of the Barrage between regulator faces (river-side noses of 
regulator piers) is 4,725', while the overnlilength of the high level barrage bridge, 
which has a land span and terminal tower at either end, will be 4,925'. The bar-
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rage comprises 66 sluices, each 60' clear span and is divided -into 3 sections by 
means of two divide walls, built on the river bed, parallel to the regulator faces 
and to one another. 

91. The three sections of the Barrage are as follows:­

(a) Left Bank scouring sluiee:::. 

(b) Central section of ordinary barrage sluices. 

(e) Right Bank scouring sluices. 

92. The Left Bank scouring sluices consist of 7 !!pans of 60 feet each clear 
width of opening with floor at R. L. 17.6· O. The width of the approach channel to 
these f!luices, i.e., between regulator face and divide wall is 487 feet at floor 
level, the aggregate clear width of opening being 420 feet. The piers between 
these spans are 10' thick each. At the divide wall there is a 25' thick abutment 
pler. 

93. The Central Section of the barrage consists of 6 bays, each containing 
9 spans of 60 feet each clear width of opening. with floor at R. L. 176·0. At 
the end of each bay is a 25 feet thick abutment piel:, while the intermediate piers of 
the bays are each 10 feet thick. The width of the river channel approaching' 
these bays, M., between the left and right divide walls is 3,850 feet at floor level, 
the aggregate clear width of openings being 3,240 feet. 

94. The Right Bank scouring sluices consist of 5 spans of 60 feet each clear 
openi!.g with floor at R. L. 176·0. The width of the approach channel to these 
sluit)68, i.e., between the divide wall and the regulator face is 347 feet at floor 
level, the aggregate clear width of opening being 300 feet, and the piers each 
10 feet thick. 

95. The scouring sluiCes and the ordinary barrage sluices are identical in 
every respect except in the length of protection provided on the river bed, 
upstream and downstream of the masonry floor. 

SECTION II. 

The Floor and Foundations. 

(See drawing No. 42.) 

96. The floor and fonndations of the barrage have to be designed with tW9 

main objectives.-

(a) To prevent the flow of w~ter below it, through the sand, or to reduce 
this flow to such proportion and velocity that it is unable to disturb 
the sand. 

(b) To withstand the upward pressure on the floor, when there is tlle full 
difference of head, between the upstream and downstream sides, 
which the barrage is designed to create. 

(e) To provide a solid bearing for carrying and distributing the weigllt 
of the superstructure to the sand below. 
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97. In tIle present design the provision for (a) and (b) /iives an ample provi­
sion for (e) also. This will be shown later in connection with the piers, and it 
will here be -shown how conditions (a) and (b) have heen met. 

98. The method of design elaborated by Bligh in his book " The Practical 
Design of Irrigation Works" has been followed, but his co-efficients and rules have 
sometimes been varied. The first point to be decided is the " length of creep" 
which must be provided for safety against" piping". This can be expressed in 
the terms of the total" head" on the floor. Bligh represents this relation by the 
factor" C ", with which he multiples the head in order to find the required "len!!th 

, 0 

of creep". He gives the following valnes of " C " for various sands :- . 

Class I.-River beds of light silt and' mud, as the Nile 

Class ·Il.-Fine micaceous sand, 8S in Himalayan Rivers, etc. .. 0=15. 

Class lIf.-Coarse grained sands, as in the Central and South India 0=12. 

99. The actual value of " 0 " for the Esna Barrage on the Nile has been 
worked out (see plan No. 41 and Appendix G) and is fou.nd to be C=14' 2 for, 
actual conditions of working. This is for a work founded on light silt and sand 
for which Bligh takes C=18. As the Esna Darrage has given no trouble with 
" piping" it would appear that this value of " C" might safely be used for 
Sukkur, but as it is extremely difficult to compare the conditions at such distant 
and differing sites, the Chief Engineer for Irrigation (Mr. Beale) decided that a 
higher value of" C" should be used, and as the Jamrao is weir founded on 
similar material to that at Sukkur, and this weir has given no trouble, it was 
decided to adopt the same value of " C" for the barrage as actually obtains 
at the Jamrao weir. Tl$ is found to be 0=17 which Bligh considers somewhat 
excessive. '(He takes 15 as the suitable value for the Jamrao.) 

The present design for the barrage floor (see plan No. 42) is therefore based 
on a rati~ of 17 times the head for the length of creep required. 

100. The next point to be decided was where this length should be arranged. 
A certain minimum length of impervious solid masonry is necessalY on the down­
stream side of the gates, to withstand the swirl and scour of the water rushing 
through. There will be considerable swirl and eddying at the downstream ease­
waters of the piers, and for some little distance beyond, and it is advisable to pro­
vide solid masonry for such a length. This is a comparatively short distance 
though difficult to calculate. 

101. Bligh gives an empirical rule for the length of downstream impervious 
pavement, based on the principle that this length must be provided to withstand 
s('Qur. 

I contend however that provided the masonry extends for a short distance, 
Bay 40 or 50 feet from the end of the ease-waters, so as to include the worst of the 
swirling, then scour beyond this point can be provided for by a perr;i!)f.18 flooring of 
eoncrete blocl-s suffioiently heavy not to be movable by the rushing water. 
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102. Bligh's empirical rule· for the length of impervious masonry down­
stream of undersluice gates is as follows :-

H. 
L=8CV13' 

where C is the co-efficient for the sand (or the hydraulic gradient ratio) and 
H. is the total head at the gates. 

103. In the case of the Esna Barrage this gives a length as follows:-

15 
L=8XI4'2 X VIS 

=1l3'6Xl'07 
=~122' (or 8 '13 times the head). • 

Whereas actually only 65 feet has been given to the barrage, or .J,' 3 times the 
head, (and only 32 feet of this extends beyond the piers), and. since 1910, when 
fairly heavy concrete blocks (1 cubic metl'e each) were laid beyond the impervious 
floor, no trouble has been experienced, showing that scour can be sjttisfactorily 
met by such construction. -

104. The total length of creep to be provided remains unaltered whatever 
length is given to the downstream paving, but it is a great advantage to make the 
latter as short as possible consistent with safety, since the longer this portion is 
made, the greater becomes the ,upward pressure on the floor at any point down­
stream of the gates, and the whole floor below this point has to be made heavier 
to withstand it . 

. 105. In my tentative proposals submitted to Government in 1916, I design- . 
ed the floor more or less on the rules deduced from the Esna Barrage, but allowed 
for an impervious floor for a distance below the gates equal to 6 times the head, 
as against only 4' 3 times the head at Esna. The Chief Engineer for Irrigation 
however considered this was somewhat too little, and in the present design I have 
lengthened it to 120 feet or 6'5 times the head, giving 75 feet cIear length 
beyond the easewilters of piers. 

SECTION III. 

Design and Stability of Floor. 

106. The following is the method of design adopted (see plan No. 42) :-

Assumptions-

Hydraulic gradient to be 1 in 17, i.e.­
Co-efficient" C " of sand=17. 
Weight of masonry in air=140 lbs. per cubic foot . 

• '. weight of masonry in air=2' 25 times the weight of water. 
Ditto submerged=I'25 times weight of water. 

The weight of the floor at any point mlist be not less than ~ times the up­
ward pressure of water at that point, i.e., 33 per cent. factor of safety is allowed. 

lI1aximum head on floor=18' 5 feet, when water upstream is at top of gates, 
viz., R. L. 194'5, and tail water is level with the floor, i.e., at R. L. 176'0. 
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107: Since hydraulic gradient is 17 and head IS' 5 -feet the total length of 
creep required is 17XlS·5'=315'. 

If paving downstream of gates is to extend 120' (see paragraph 105) the 
balance to be provided is 315-120=195'. This must be made up of the length of 
paveml)nt upstream of the gates, plus the travel round sheet piling below the 
floor. 

lOS. The cutwaters of the piers extend about 26 feet upstream of the gates 
and the central paving on which they stand will project 4 feet beyond them, i.e. 
to 30 feet above the, gates. If the upstream masonry apron is made 40 feet wide, 
this gives a total width of 70 feet above the gates, leaving 195'-70'=125' of 
creep to be made up of vertical travel round sheet piling curtains below the 
floors. 

109. If the upstream and downstream curtains are each made 12 feet deep 
below floor. these give 2X2XI2'=4S' of creep, leaving 125'-4S'=77' of creep to 
be provided by intermediate curtains of piling. 

110. The upstream central curtain will be driven 20 feet below the floor and­
the downstream central curtain 12 feet below the floor giving altogether 
2X20'+2XI2'=64' of creep, and leaving 77'-64'=13' to be provided by 
vertical steps in the masonry. The upstream apron is 4 feet thick, giving a 
vertical creep of 4 feet at its upstream end. The central block of masonry is 
11 feet thick giving a step of 5 feet at its junction with downstream floor, and 
there is a vertical step of 4 feet at the end of the latter. Hence total creep 
along' masonry steps=4' +5' +4' =13' as required. 

111. StalJility against upward pressure.-(See pla,n No. 42-Stability 
diagram.) 

(a) On the upstream side of the gate, the floor must always be safe, since 
the downward pressure of the water is always greater than the upward 
pr:essure du~ ,to itself, minus, frictional losses. 

(b) At point (a) immediately un4er the gates-

Length ot creep to gate-

Upstream paving 
" piling 

•• Centre floor to gate 
Upstream central piling •. 

Total creep to (a) 

.'. Loss of head 

Balance of upward pressure at (a) 

42+4 46' creep. 
2xI2=24' 

" 30'=30' 
" 2x20=40' 
" 

=140' " 
140 , 

= 70 =S'24 " 
=IS'5 -8'24. 
=10'26 feet of 

water. 
Add -33t per cent. for safety.. = 3'42 

Total ~ownward pressure required 13'6S feet of water. 
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The masonry here is 11 feet thick with specific gravity (submerged) 1'25. 
Hence its effective weight is 1'25X 11 . 13' 75 feet of water, which is sufficient for 
requirements. 

(0) At point (b) junction of downstream and central paving-
Creep up to (a) brought down " =140' creep. 
Centre floor downstream of gate .. = 50' " 
Downstream central piling ... 2' X 12' = 24' " 
Step in masonry 5'= 5' " 

Total creep to (b) .. =219' 
219 

.'. Loss of head to this point =--=12'88 
17 

:. Balance of upward pressure at (b) =18'5-12'88 

=5' 62 feet of water. 
Add-33! per cent. for safety =1 . 87 

Total downward pressure required =7' 49 feet of water 

Masonry is 6 feet thick. Hence its weight submerged is l' 25 X 6=7 . 5 
feet of water, which is sufficient. 

(d) At point (c) upstream side of downstream pi!ing-
Creep up to (b) brought down =219' creep. 
Downstream paving to (b) = 65' 

" 
Total to (c) 

.' .Loss of head to this point 

Balance of upward pressure at (c) 

Add-33l per cent. for safety 

Total downward pressure required 

=284' 
" 

284 
=--=16'7. 

17 
=18'5-16:7. 
=1'8 feet of water. 
= '6 

Hence 2 feet of masonry would be sufficient here for safety against upward pressure 
but 4 feet is about the minimum thickness which could be laid to be safe against 
cracking and settiement on the sand, and ·to withstand the blows of tree trunk 
and debris bumping through the barrage. Four feet thickness has therefore been 
adopted as a minimum for both upstr~~m and downstream pavmgs, but if consi­
dered desirable this could be reduced. ~ 3 feet. 

112. Loss of head to end of floor-

Total creep to point (c) brought down 
Downstream piling 2 X 12' 
Paving beyond piling 
Step up to pavement surface 

Total creep to end of floor 

.'. Loss of head to end of floor 

.. 

.. 

.. 

=284' 
= 24' 

- 5' 

- 4' 

=317' 

317 
18'6 

17 
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113. Thus all pressure has been absorbed in frictional resistance by the time 
the water reaches the end of Boor, and the required length of creep for sand with 
co-efficient C= 17 has been provided. 

SECTION IV. 

The' Protection of River Bed and Floor of Barrage from scour. 

114. This matter has been already touched upon in paragraphs 100 to 103 
ante, and is further dealt with in Appendix O. The design for protection now 
submitted is based on the Esna Barrage design (as repaired), but allowing some­
what greater ratios between length of protection and working head of pressure 
than at Esna. 

115. In the first place it has been considered desirable to provide more pro­
tection downstream and upstream of the scouring sluices, than in the case of the 
ordinary barrage spans. This is necessary because the former will be in opera­
tion much more frequently (almost, or quite, all the year round), and they only 
will be used (generally) under the full head, since that full head is only obtained 
when the surplus discharge of the river has fallen to a very low figure, giving prac­
tically no depth over the downstream pavement; and at such times this smaIl 
surplus would be passed by the scouring sluiceS in order to keep the approach 
channels to the canal regulators clear of silt. For greater discharges, necessitat­
ing the use of the ordinary barrage spans, there will be a greater depth of water 
downstream, and less working head, so that scouring effect would be less severe, 
and the period will be much shorter. 

116. The following analysis shows the results of the design as compared with 
Esna:-

(a) Protection for ordinary barrage. sluices-

There is first 120' of solid masonry below the gates, or 6' 5 times the 
head (18'5') as against 4'~3 times the head (15') allowed at Esna. 

Beyond this point there will be 83' of large concrete blocks (10'X5'X3') 
laid on 3' of stone pitching, making total 203' from gates or 11 times 
the heaa (18' 5') as against 10 times the head (15') at Esna, 

Beyond this again will be an apron of large loose stone pitching 
for a width of 100'. making 303' from the gates,. or 16'5 times 
the head (18'5') as against 12'8 times the head (15') allowed at 
Esna originally (and found too little owing to small size of stone 
used) and as. against 20 times the head allowed at Esna to fill up the 
scoured bed. (So much would not have been necessary if laid in 
the first place,) 

On the upstream side there will be 70' of solid masonry above the gates 
and beyond that an apron of loose stone pitching 60' wide making 
altogether 130' of protection or 7 times the head (18' 5') as against 
6 times the head (15') originally allowed at Esna, and 7 times the 
head allowed after repairs. Moreover. the apron at Sukkur will be 



42 

much thicker than at Esna and properly designed to fall into any 
scour that may occur, and thus prevent further action. 

(b) The protection fO'l' scouring sluices-

On the upstream side there will be 70' of solid masonry and beyond this 
a heavy apron (6' thick) ofstone pitching to take the local swirls due 
to the suction of the s.couring sluices. Beyond this point the whole 
area of river bed between the divide wall and the Canal Regulators 
will be covered with 3' of stone pitching for a distance of over 
1,200' from the gates, so that no scour is possible here. 

On the downstream side there will be first 120' of solid masonry below 
the gates, or 6'5 times the head (18'5') as against 4'33 times the 
head (15') allowed at Esna. 

Beyond this point there will be 105' of large concrete blocks (10'X5'X3') 
laid on 3' of stone pitching, maklli.g total 225' from gates, or 12 
times the head (18' 5') ; as against 203' at the ordinary. sluices; 
and as against 10 times the head (15') allowed at Esna aftet 
repaus. 

Beyond this point there will be loose stone pitching for a further 155', 
making total protection of 380' from the gates or 20' 5 times the 
head (18'5'), as against 303' at the ordinary spans, and as against 
20 times the head allowed at Esna after repairs. 

117. It is possible that these dimensions may be considered somewhat ex: 
cessive, but if so, any reductions will give savings ·on the estimates, which, may be 
taken to show the maximum protection desirable. 

SECTION V. 

Superstructure. 

118. The 1909 design for the barrage superstructure shows masonry piers 
10' thick and 86' high above cill level, standing entirely separate, without any 
ties or connections between them. The lower 38' of these piers was solid for the 
full length (45') of the pier, but the upper 48' consisted of two masonry pillars 
10' X 91' each, 16' apart, connected to each other with a masonry arch and span­
drills. 

At the tops of these pillars or piers were great castings overhanging the piers 
on either side, and carrying the great weight of the gates and counterweights 
(about 50 tons each) over the extreme outside edges of the piers. This arrange­
ment would have set up enormous stresses in the masonry pillars over the piers 
and would certainly not have been safe. The weights thus suspended when one 
·gate alone was raised would have tended to overturn the piers -inwards, i.e., to 
pull them together at the top. Nor could these masonry pillars have carried 
these eccentric loads even had they been transmitted through horizontal girders 
spauning the piers and resting on their tops, as the eccentricity of the load on 
the pillars, when only one gate was. being raised wo~d. h~ve caused excessive 



43 

intensity of pressure on the inside toe of the base of the pillar and tension on 
the outer toe, i.e., the line of resultant pressure would have fallen outside the 
middle third of the base. 

119. As the loads of the gate and counterweight must in any case be eccen­
tric to the centre line of the piers, in fact they will actually be suspended clear of 
the side of piers, it is essential to bridge the span between the piers in some way, 
to give bearing points for the suspension pulleys, and to provide piers of sufficient 
strength and area to carry the loads transmitted. There must also be seatings­
for intermediate bearings of the cross shaft of operating gears. 

120. This could be done in several ways, e.g. :-

(1) By building above the piers, steel towers with short double cantilever 
arms overhanging the span, -and connected together by a light 
lattice girder across the span, to carry the bearings and gearing, and 
to provide a footbridge for access from pier to pier. ' 

(2) By spanning the piers with self-contained steel arched-girders, to carry 
all the loads, and transmitting these vertically to the piers at the 
seatings of the girders. 

(3) By carrying masonry arches across the span from pier to pier, so tnat 
part of the load of gate and counterweight may be carried by the 
arch. Such arches would form a continuous bridge, p~oviding access 
from pier to pier and ample room for fixing gearing, bearings, etc. 

121. We also have to provide a road-bridge for vehicular and foot traffic. 
In the 1909 designs this was giwn by a steel girder bridge resting on the :piers 
between the upp'cr masonry pillars. 

122. The arrangements for lifting the gates must be at a high level to give 
the required lift, while the rQad-bridge must be kept as low as possible to avoid 
high' approach banks. Hence the same bridge cannot serve both purposes. 

The high level bridge to carry the gate lifting mechanism will be referred to­
as " The Gate Bridge," and the low level bridge as the" Road-bridge." 

123. There would be no difficulty in providing for both the gate bridge and 
the road-bridge by separate steel structures, but there are several disadvantages 
to such structures, 'Viz. :-

(a) Initial cost is high. Detailed estimates have been prepared for a 
masonry bridge and a steel tower superstructure, see· Appendix N ~ 
each to provide the same accommodation and conveniences for sus­
pending gates and foot-bridge. In the latter case the steel work has 
been estimated by the Superintendent of the Amritsar Workshops, 
at pre-war rates, and in the former the masonry bridge has been 
fully estimated at rates about 20 per cent. above pre-war rates. 
The result shows the masonry structure to be slightly cheaper than 
the steel work in ~tial cost. But if the price of steel work in the 
near future is to be about 50 pe~ cent. in eJl:cess of pre-war rates, 
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as seems likely, then the saving in favour of masonry is . increased 
by about 50 per cent. since the cost of the latter will not increase 
much, if any, more than the 20 per cent. allowed in the comparative 
estimates. 

(b)~The cost of maintenance of steel work is very high, and its life is an 
. uncertain factor, but for light lattice work is certainly not more than 

80 to 100 years, if so much. 

The estimated cost of painting the steel structure referred to in (a), if capi­
talized, would add Rs. 4,50,000 or about 18 per cent. to the cost 
of the superstructure. 

(0) The slightest neglect or oversight in the regular painting and cleaning 
of every part of the structure would lead to rapid deterioration, 
and possibly to disastrous results. 

(d) The appearance Df a great number of fairly small spans (60') of light 
lattice steel work would be most unsightly at the one beautiful spot 
on the river in Sind. 

(e) The steel superstructure for gate bridge is only suitable for carrying 
a light load over the span between piers, while to carry a heavy 

-travelling crane such as is needed for lifting trees and other debris 
from the front of the gates, it would be necessary to build a far 
heavier structure, the cost of which would probably be double or 
treble that estimated, whereas the masonry bridge needs very little 
increase in size or strength to carry such a crane. 

124. An arched steel bridge' would be still more expensive and has all the 
other disadvantages of the tower and girder structure. 

125. The masonry bridge at Sukkur has the following advantages:-

- (a) There is an nnlimited quantity of splendid building stone available 
within a radius of 5 miles of the site. 

(b) The local labour is .accustomed to using this stone, which is easily work­
ed, so that imported labour would have no difficulty in using it. 

(0) Structures well-built of this stone would be practically everlasting as it 
hardens by exposure, and does not weather at all in the climate of 
Sukkur, while it hardens also in water, and stands the wear of water 
very well indeed. The Eastern Nara Head Regulator is built of it 
throughout and is in excellent preservation and the noses of the 
piers of Lansdowne Bridge are also made of it and show no signs 
of wear, although the velocity rises to 15 feet a second in floods. 

, (d) Maintenance charges would be very low. If. well pointed with 
hydraulic lime or cement, it would need practically no repairs 
except to road surface, parapets, etc. 

(e) Its initial cost would be lower than for steel structure even at pre-war 
prices, while at the present prohibitive ·rates for steel, the masonry 
will be far oheaper. 
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(j) Its appearance would be very fine and would harmonize with the S\ll'­

roundings instead of being an eyesore. 

126. The designs and estimates now submitted have been prepared accord­
ingly for a masonry structure. The only metal work in the structure will be in 
the gates, the machinery for working them, and the main cross girders to carry 
them between 'the arch ribs .. The counterweights as shown and estimated, also . 
.consist of steel tanks filled with sand, as designed by the Superintendent, Amritsar 
Workshop's, but it is suggested to substitute for these counterweights of reinforc··' 
.ed concrete. These would have the 'following advantages ;-. . . 

(a) They will be everlasting. 

(b) They will need no painting or repairs. 

, (0) They will cost about Rs. 4,00,000 less than the steel tanks estimated 
for. (See Appendix 0.) 

(d) They c~n be made 3 feel narro~er than the steel tanks, thereby reduc- . 
, lng the length, of all piers by 3' and SlJVint' about Rs. 1,00,000 in 

pier masonry., 

I am indebted to Mr. Pierce, Executive Engineer, North-Western ~ailway, 
for this valuable suggestion. ' 

The Oate Bridge or High Level Bridge. (See Drawings Nos. 43, 44 and 
45.) '.. ' 

127. This has been designed for the following work;-

a) To carry the gates and counterweights and the shafting connecting the 
machinery for lifting them. This machinery will be fixed on the 
tops of the piers. 

(b) To carry a rail track for a travelling crane (electric or .steam, to lift 5 
tons 16' radius, or 3 tons at 25' radius), for lifting trees and debris 
from .the face of the gates. . 

(0) To provide a foot-bridge for 'the passage of work people and main­
tenan ce establishment; 

{d) To carry a rail track fo! travelling trollies (electric or petrol). These 
trollies will be very useful for rapid inspection and cOInmunication 
on the barrage, and each will be provided with a low speed gearing' 
driving a sprocket wheel, which will connect by a link chain to a 
similar wheel on the fixed gearing of each set of gate lifting machi-

. nery. A simple arrangement of hinged stops will be fitted over 
each pier for holding trolly in position for this work, and all that will 
be necessary will be to run the trolly, carrying its crew, to the gate 

. to be operated, lift and lock the hinged stops,put on the link chain, 
and lift or lower the gate. 

'i'hus 6 trolleys (one spare) will be able to operate all the 66 gates, 
as well as to provide rapid communication along the bridge. We 
shall thus save' 60 motors on the gates, and all our power units' 
will be interchangeable for any :gate. ' 
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" .128. This gate-bridge consista. of two series of separate stone-masonry ellip-
tical arches, each 60' span by 15' rise; springing at R. L. 219'0.' The upstream 
arch is 8' wide 3' deep at crown, and 4'-6" deep at springings. The top of span­
drils is at R. L. 238' 5 and this' arch carries t~e track for "the travelling cranes. 

, The downstream arch is 5' wide, 2'-6" deep at crown ,and 4' :deep at spring­
inglf. There is a gap of 16' between the two arches ,(can be reduced to 13' if re­
inforced concrete counterweighta are adopted) in whic!). hang the gates and coun-, 
terweights.Th~se are supported over pulleys, carried, by a pair of deep steel 
girders at each end of the gate span, ilear the piers, and spaDning the gap between 
the arches. This gap will be covered with a decking of reinforced concrete slabs 
(removeable or otherwise as considered desirable) carried on reinforced concrete 
beams spanning the 16' gap between the arches, and resting on them. A parapet 
wan 31' high is built on the ~uter edges of each arch, leaving a clear bridge width 
of 27' between parapeta. ' 

129. The Road- brldge.-This consistS of a' series of single elliptical 
stone masonry arches 25'-3" wide, each 60' span by 10"rise; springing a~ R. L. 
201'0, depth at crown 2'-9", and at springing 4'-6".' , 

The roadway is at R. L. 215'0 and is 16' wide, the two footpaths are each 
3' -6" wide with curbs 8" deep. 

The pai:apet waUson either side are 3'-6" high with small recesses over ea~h 
ordinary pier, and at the abutment piers recesses 6' deep and 19' long are provided 
with stone seata. 

129A. 'Elliptical arches were selected as most suitable for the ,following 
reasons :-

In the case of the road-bridge it was necessary fu keep the road-level as­
low as possible, while spr:iv.ging of arches has to be kept above highest 
estimated flood level. ' • 

129B. During great floods the river cames down with it many great trees 
which it has eroded on the way. These trees usually float with part of their roots­
out of water, sometimes as much as 5 or 6 feet above water, and as the branches 
below water touch the bed or are caught by eddieS, the whole tree swmgs around 
and bobs up and down in the water. Some of these trees are probably 50' or 60' 
long over ali, and they will have to pass through the barrage in a depth of only 
24' of water, so that they may bOb up out of the water considerably. 

It is desirable therefore to allow as much headroom as possible for these float-' 
ing trees. 

129c. The bottom of the counterweighta and. gates when latter are fully 
raised is R. L. 208, or 8' above highest flood level, or allowing for the drop in 
water surface between the piers, about 12' above water level. If a segmental 
arch, of the same rise, span and springing, as the elliptical arch were adopted, 
only the centre 34' of the span would be above R. L. 208, and for 13' on each, 
side, the arch haunches slope down gradually to R. 1.. 2Ql. 
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In the elliptical arches, a central width of 42' is above R. L. 208 and the 
haunches of arch, only 9' on each side, are much flatter than the segmental arch 
until they have almost reoo'hed the piers, when they turn through a sharp curve 
\<> the vertical. 

129». The elliptical arch therefore provides much better headroom above 
H. F. t. Moreover a tree root which floated 8' out of water would probably be 
at least 16' diameter. (They usually float with about half the root exposed), so 
that the centre of the root would be about 8' from the pier and at this point would­
clear the arch altogether. At the worst, it would touch close to the abutment, 
where a blow would have little or no effect on the bridge. 

129E. In the Ilase of the gate-bridge, not only was it desirable to adopt the 
same shape of arch as for the road-hridge, for .the sake of appeMance-b'oth 
arches being seen together-but the form of the haunches of an elliptical arch, is 
very suitable for carrying a heavy vertical load close' to the pier, such as the load 
provided by the gates, etc. 

• 
129F. Finally the appearance -of an elliptical arch is much finer than that of. 

a segmental arch. . 

130. The bridges will be ,lighted with electric light (or Kitson oil-lights) 
standards. There will be one standard over every'pier on the downstream para­
pet of the high level bridge. H electric power is used for the operation of the . 
gates, these lamp standards will be specially designed to carry the overhead wire 
for power transmission. They will give light at each set of machinery on the gate­
bridge, and will also light the toad-bridge below. 

In addition there will be a similar or more powerful light standard over each 
third pier on the downstream parapet of the road-bridge. The road-bridge will 
thus be lighted by lamps at 70' intervals on one side, about 36' above road level, 
and on the other side by lamps at 210' intervals and about 15' above, road level. 

131. The abutments of the road-bridge will be in line with the faces of the 
canal regUlators on either bank of the river, while the gate bridge will continue 
for one span inland, (See drawings 44 and 45) on each bank, and will terminate 
in a massive abutment tower in which will be provided an electric or hyd~aulia 
platform lift, which will be capable of raising 20 tons frOIn ground level to the. 
level of the gate-bridge decking. These lifts will be very useful both during con~ 
struction, and afterwards in maintenance, for raising or lewering, to or from, the. 
bridge, any machinery, tools, cranes, or trollies, etc., which require removal ff)r re­
pairs, or for first placing in position.' Staircases will also be provided at the ends 
(If the towers for access of workpeople, etc., to the bridge floor. 

132.' The ordinary piers on which these bridges rest will be 10' thick by 
about 73' long overall, the gate-bridge' and road-bridge arches resting side by 
side on these piers, but the gate-bridge at a higher level than the' road-bridge. 

Cut waters and ease waters of 10' radius will be provided on all piers. 

133. At. the end of ¢ach scouring sluice bay there will be an abutment pier 
25' thick by about 97' long overall, and a similar pier at every 9th span of the 
ordinary ba.rra~e .sluices. . These piers are provided with cut waters and ease 
waters of 25' radius. There are seven of them in all. 
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SECTION -VA. 

Architectural Features. 

134. The external design of the bridges has been made as simple and econo" 
mical as possible, while endeavouring to use shadow effects to the best advantage . 
to secure a massive and quiet but pleasing result. The general motif of the design 
follows that adopted by Rennie in his noble bridges over the Thames, the London 
and Waterloo Bridges. . . 

All cornices, string cou:rses, parapets and pilasters are perfectly plain 
and square, combining the greatest shadow values with economy and ease of 
construction. 

135. The stone to be used is mottled creamy-white in colour and is something 
like marble in appearance. Its general eHed is most suitable in this country ot 
whiterocks, glaring sand, and vivid colou:rs, and is in harmony with the building 
traditions of the people, who usually cover their local temples and mosques with 
pure white plaster. 

136. It is hoped that the design provides a structure of massive but liaceful 
proportions which will be pleasing alike to the Western and Eastern eye, and will 
form a fitting background to the noble and beautiful reach ohhiS mighty river, seen 
from the greatSukkur bridge. At the same time the whole structure is entirely 
utilitarian, and nothing has been wasted in useless adornment. 

136A. The coloured lithograph forming the frontispiece to the portfolio of 
plans, and the frontispiece to this report, are reproductions from a very beautiful 
water-colour drawing kindly made for me by· Captain F. H. E. Townshend, 
O.ll.E., M.e., R.E., Executive Engineer, while attached to this district. 

The drawing is in accurate perspective and scale, projected from my working 
plans and elevations. -It gives an excellent idea of what will be the general 
appearance of the work. 

13611. The full size lithograph reproductions have been made by Mr. A. W. 
Audy, :Manager, at the Government Photo-zmco Office, Poona, to whom I am much 
indebted for the great care and trouble he has taken with the work. The small 
coloured reproductions were made in London by the Abbey Press, Ltd., who have 
produced a very fine print. 

137. The classes of masoory :proposed-

(a) All exterior work of piers, arch spandrils, etc., will becou:rsed rubble 
masonry first sert, with fine chisel dressing to face of stones. Th'.! 
interior cf piers and spandrils will be uncou:rsed rubble masonry, 
in hydraulic lime mortar. . 

(z,) All string courses, parapet copings, pilasters will be fine dressed cut 
stone, set in hydraulic lime mortar. 

'(c) The arches will be made of single voussoir the full depthohrching 
and rough chisel dressed to template on all faces. They will be set 
in cement mortar With the thinnest possible joints. The faces of 
vOUSBoirs exposed to view' will be fine chisel dressed. . 
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(elJ The ower portions of the maspnry floQJ: and. pavements of ~rr~ge will 
be of uncoursed rubble masonry il!. hydraulic lime mortar, or if it is 
found more economical to hw:ry the setting, and save in pumping, 
cement mortar may be used. 

, (e) The upstream pavement, as far as the cut waters of piers, will in any 
case be cement pointed for a depth of 3 inches from the surface. 

<f) From the cut waters to the downstream end of the masonry floor, the 
upper surface will be formed of special hard stone masonry (stones 
set on end vertically), about IS" deep, set in rich cement morlar with 
wide joints. 

(g) The downstream protection will be formed pf concrete blocks 10' X5' 
x3' each. 

These do not require to have strength, except for carrying their own weight 
when lifted, and it is proposed to make the lower 2'-(1" qf them of 
hydraulic lime mortar and stone concrete, and the upper 6" of cement 
concrete, to give them a good wearing surface to withstand the 
scour. 

(Tt) The stone pitching under the concrete blocks will be graded from quarry 
chips at the bottom to large stone immediately below the blocks, 
so as to form an inverted filter to prevent sand being washe!i away. 

(i) The stone pitching for the downstream anq. upstream aprons and for 
the guide bank aprons will be of the largest stone which can be con­
veniently handled by a single man, ' 

(j) The pitching on side slopes of guide banks will be graded with small 
chips next the earth, and the largest possible stones on the ex­
posed face, all roughly handpacked. 

SECTION VI. 

The Material uselJ hI t~e ~~r\lctHre. 
I.-c-STONE. 

188. ' Local stones will be used for every part of the structure. The hardest 
and best stone is found in the hills at Aror and Kalka about 6 mil!lS from the Bar­
rage site, and stone of very slightly inferior quality and hardness at Rohri. The 
latter deposits ate extensively quarried and in constant demand for local build­
ings, etc. The North Western Railway has existing sidings running right into the 
quarries. The deposits at Aror and Kalka are scarcely touched owing to the greater 
distance from the Railway, !).nd from the towns pf Rohri and Sukkur from which 
m,uch of the deml!Jld comes. 

139. In Appendix H is given a report by Captain Townshend, R.E., Execll­
tiv~ Engineer, who was attached to this district for a short time, and was asked 
to inspect the stone supplies. To his notes I would add the following 
remarks :-

(a) Some -of the hills 'consist ,almost ent~y of the stratified rock which 
he classifies as "A" grOI,lP, wl,Ule Qtp.er hills are almost entirely 
of the monolithic stru.cture wJU,ck. he ci.~es as " B " group. 
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(b) The " A " group stone is not only stratified horizontally but also verti­
cally, in two planes approXimately at right angles to one another, 
so that in fact this formation is like a stack of separate blocks. 
Stones . larger than a 15" cube cannot be obtained in any number 
from this formation, and about 12" X 12" X 15" would be the largest 
ruling size for great quantities of blocks. If therefore this stone 
were used for the arches, it would be necessary to build the latter in 
two or more courses. 

(e) It is an extremely hard and'close grained limestone, milk white in colour 
and almost like marble in appearance except that it is non-crys­
talline. It will take a fair polish. It is free of faults within the 
blocks (formed by the bedding and cleavage lines) and is almost 
without markings of any kind, except for a very occasional flint. 

Of the three sites examined, viz., Kalka, Aror and Rohri, the former pro­
duces the best, i.e., hardest and closest grained stone, Aror the next 
. best, and Rohri last, but even the last is a very fine stone, suitable 
for the .most severe loads, and capable of resisting the roughest 
wear of weather and water. It is comparatively easy to work and 
dress, but not so easy as the "B" group (monolithic) stone. 

(d) The "B" group stone, i.e., the monolithic mass is creamy in colour 
with small mottlings of milk white at close intervals. These white 
mottlings appear to consist .of small portions of stone of the same 
quality as the" A" group stone already- described, and these are sur­
rounded with a matrix of the cream coloured stone which is of 
coarse and softer texture. The whole seems to have been formed 
under great pressure, as there is no suspicion of cleavage between 
allY of tlle components, the mass being absolutely homogeneous. 

(e) It is a most excellent building stone, easy to work, available in any 
size, and hardens py exposure in air or water. It is undoubtedly 
an eminently suitable material for all parts of the barrage struc­
ture, except for the paving of the floor, where the hardest available 
stone should be used to stand the ab~asive effect of sand scouring 
through sluices. Similarly the extreme noses of the cut waters might 
Le made of the hardest stone available, to stand the blow of trees 
and otber debris coming against them. 

(fJ In Appendix I is given the result of the crushing tests of these stones_ 

It will Le seen that the average crushing strength of Aror " A " stone is 
about 6,500 lbs./in." and of Aror "B " stone about 4,800 Ibs.Jin." 
The maximum designed intensity of pressure in any of the arches 
is 316 Ibs.Jin.' (see Section IX, pages 73 to 80, pamgraphs 182 t() 
194), giving factors of safety of about 20 and 15 respectively with 
" A ,. and "B " group stones. 

ThE> latter stone however is so very regul,"' in quality, is available in 
Bueh large blocks, enabling single stones to be used for vousso~, 
and is 1'0 t'asily worked, that it. is considered quite suitable for the 
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arches, and preferable to using the harder stone in small courses. 
with more joints. 

(g) In addition to the" A" group and "B" stone, there is an unlimited 
quantity of loose top hamper yielding stones up to about 12" X6* 
x 6" (described hereafter as "C" stone). This stone is still harder 
than the" A " group stone. It has a considerable number of clear 
flints embedded in it and the limestone is almost as hard as a quartz. 
It can scarcely be scratched with a knife. This stone is eminently 
suitable for the hard stone paving of the barrage under sluice 
floors. 

The less hard "A" group stone was used for paving the Jamrao weir, and 
has proved thoroughly satisfactorily. In my opinion the "C" stone 
is superior to Deccan trap rock for resisting the abrasive action of 
water, since it is non-crystalline and finer grained. It is proposed 
to pave the floors with these stones, stood on end, about 12" to 15" 
deep, and about 6" square in plan, set in cement with wide joints 
which can be easily and thoroughly rammed. The surface of the 
joints would be left about ~" below the suface of the stone, making 
a rough paving and preventing the jointing cement being broken 
by debris hitting it. 

(h) I quote below remarks made by Mr. A. Hill, Chief Engineer for Irriga­
tion, Bombay, in the 1910 Report on the Sukkur Barrage (para­
graph 12, pages 5 and 6, volume 4) : 

"The quantity of stone is vastly more than is required on the Rohri side, 
the limestone hills extend for 15 miles, and the N ara Supply Channel 
has been cut at the foot of them for 11 miles and provides a con­
venient life of transport to the works by means of boats, the stone 
being carted a short distance from the hill to the boat, so that there 
is no doubt of the volume of stone required being readily obtained." 

The Inspector-General in his notes has described the rocks he saw, but 
there are two other kinds of excellent 

The 

Apparont1y Mr. Hill refers to il bl f . 1 
tho inf.rior "B" .tono of Rohri. stone ava a e one a so t stone In arge 
Th. gool atone ia not honry· masses which can be wedged out to 
eoml:-ed, 

special sizes required. This stone is 
honeycombed in appeatance and hardens in the air. It is useful 
for ashlar facings or copings. 

other stone is an exceedin «Iv hard lime stone, so hard that the ,,-
This is app8.rt"otly " A" {Zroup 

atoDe-as it was obtained in 8labll 
about 9" thi('k for ashlar. Tho 
very hardest top hMlllll'f ca.unot 
bo oblained in sla.bs. 

A. A. M 

fracture is ' Conchoidal " the term used by 
geologists for the fractures of thes~ very 
hard rocks. It is obtained in bands of a 
useful thic'kness, 9"being readily obtain­
ed, at quarries at Aror, dose to the' 

N ara Supply Channel. I do not think any better stone is reqnired 
for the ashlar crest of the weir; it certainly will resist wear better 
than most trap rocks and much better thiin'snnd stones, and it is 
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the proposed position of the crest of the barrage wall exposed to 
scour of sand and water, and of the durability of granite or basalt 
is so great as to justify the great expense of procuring granite or 
basalt for the crest of the weir. . 

To procure any other stone will be to get a worse one than the Aror 
stone. It is certainly harder than marble and more closely 
grained. 

T?-e stone was used for the Ashlar for the scouring sluice floor at the 
Jamrao weir. 

The ordinarY very hard stone, but not obtainable in slabs like the Aror 
stone, is abundant and most suitable for rubble masonry." 

II.-SAND. 

140. In the 1910 Project it was proposed to use the river sand for making 
mortar and concrete, but this sand is extremely fine and contains much ~ca. It 
it It very poor building sand. 

141. A much better sand is availablt>, however, in the sand " bits" or hills 
which stretch for miles near the foot of the limestone hiIlB of Aror at Patni. This 
is a sharp sand of fair sized grains, and is generally used for important local and 
river works. There is an unlimited quantity of it, and it is said to be perfectly 
dean a few feet below the surface of the hills, and does not rieed even washing. It 
could be easily brought to the barrage site by the barrage railway from the Aror 
~uames. 

142. If a sufficiently good sand can be found in the river bed, it would of 
()()urse be more convenient and cheaper, but at the worst a good sand is available 
in unlimited quantity within 3 or 4 miles of the work. 

III.-LlME. 

143. - :Mr. Hill writes as follows in the 1910 Project Report, paragraph 11, 
page 5, volume 4):-

• 
.. The Inspector-General has made special reference to stone. 

The stone at Sukkur and Rohri is a rich limestone, and when burnt, 
slakes freely and violently into a very white lime. When this is mixed 
with clay obtained on the banks of the Indus or anywhere in Sind and 
burned again, a good hydraulic lime is obtained suitable for use in the 
mass of & work and which sets well under water if allowed 24 to 48 
hours to set before being submerged. 

The Karachi breakwater and the J amrao weir are examples of works built 
of this lime. 

Lime is therefore abundant. 
,.'. 

As the site of the work is on the railway, coal is readily obtained for burning 
lime and the lime can be provided." 
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_ 144. To this I may add that coal mines are now in operation near Quetta 
so that the lead is comparatively short for coal. The coal produced is believed 
to 1::e very poor in quality, but is probably. amply good enough for burning lime. 

145. Suitable stone for lime burning can be obtained from any of the local 
hills at" either Sukkur, Rohri or Aror, so that this stone can be quarried at different 
sites to give the shortest and most convenient)eads to the works on either bank. 

IV.-CEMENT. 

146. The quantity of cement to be used, as per the present designs and esti­
mates, is comparatively small. Indian cement would ahnost certainly be used, 
and it is understood that the North-Western Railway are contemplating making 
cement at either Sukkur or Quetta. If so, this would be most convenient and 
possibly if the rate were low it would be worth while substituting cement for lime 
in the foundation mortar. This might enable work to be carried out more quickly 
and thus lessen pumping in the cofferdams-a very expensive, indefinite, a~d 
possibly risky item of the work which it is desirable to reduce as far as possible. 

147. There are cement works at present at Bundi-about 920 miles by rail 
to Sukkur ; at Katni-about 1,300 miles by rail from Sukkur ; and at Porbander 
-about 300 miles by sea to Karachi and thence 290 miles by rail to Sukkur. 

V.-IRON AND STEEL WORK. 

148. There will be required an enormous quantity of steel sheet piling, both 
as part of the permanent structures, and for use during construction (cofferdams). 
The simplest and strongest form of piling is the " Universal" piling which con­
sists of ordinary steel I beams and separate steel locking sections. Messrs. Tat a_ 
and Company have entered into an arrangement for rolling these sections in 
India at their Sakchi Works, so all such material could. be obtained in India, 
provided Messrs. Tata are able to meet the demand. This style of piling has the 
great advantage that salvage value is high, as the ordinary I beams can be used 
for buildings, structural works, etc., whereas special piles such as Lackawana, 
etc., are of little use for ordinary purposes. 

149. There will also be' a very large amount of structural steel work in the 
gates and counterweights. The material for these might either come from Messrs. 
Tata or from England, according as rates and supplies are more favourable at one 
()r the other. They could be constructed either at the Public Works Depart­
Jpent Workshops at Amritsar, or it might be worth while to erect shops at Sukkur 
and build the whole of this work there. Possibly the North-Western Railway 
could be approached to take over the shops for boiler and other construction after­
wards. This is merely a suggestion. The rates shown in the estimate are for 
work built at Amritsar and carried to Sukkur. Similarly the gearing for the gates 
could be made at Amritsar or in England or elsewhere in India. 

150. The large quantity of steel centering for arches could be made ~ 
Amritsar, Bombay or Karachi. 

151. The great quantity of machinery, etc., required for construction plant 
should be purchased in England-, where specialists in each kind of machinery can 
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be found. It is not within practical politics at present to purchase or make such 
plant in India. 

SECTION VII. 

The Gate and Counterweights. 

152. The design for these has been provided by Mr. John Ashford, Superin­
tendent, Public Works Department Workshops, Amritsar, at the request of the , 
Bombay. Government. 

The clear span of the gates has been made 60' as suggested by me, and this 
has been found to be the most economical size. Larger gates of 100' span couJd 
be made, but would be much more expensive per unit area (about 13 per cent. 
more) and would have several rather serious disadvantages. 

It is not necessary to enumerate these, as the Chief Engineer for Irrigation 
and the Inspector-General of Irrigation have accepted the 60' gate as suitable. 

153. The design for gates shown in plan No. 55 is for gates 21' high: Actu­
ally they will be only 18·5' high, and the final design will be modified accordingly. 
Mr. Ashford's estimates have been reduced in the ratio of these heights. 

154. The gates are provided with antifriction rolling paths, working in cast 
iron grooves, built into the masonry piers. They will be suspended on wire ropes 
passing over pulleys at the toP of the bridge, and thence round the pulleys of the 
counterweights to an anchorage on the bridge. Thus the counterweight hangs 
in a bight of the rope, and travels one half the distance of the gate, therebyenabl­
ing the superstructure to be kept much lower than .if the travel of counterweight 
were the same as that of the gate. The counterweights must therefore be 
double the weight of the gates. 

155. The counterweights as designed by Mr. Ashford consist of mild steel 
casings or tanks 58' X 8' X 6' and weighing about 25 tons empty, divided by 
partitions into several compartments, which will be loaded with sand to give about 
twice the weight of the gates. 

156. On plan No. 47 is shown an alternative design for these counterweights, 
made in reinforced concrete: and this is recommended in preferente to the steel 
tanks, as being far cheaper, more durable, and of more convenient dimensions, 
enabling the cost of the piers to be reduced (vide paragraph 126 a~'te). See also 
Appendix O. 

157. Each gate aud counterweight is provided with a set of operati.ng machi­
nery which will be fixed on the top of the pier at one end of the gate. This machi­
nerr grars direct to the suspending pulley or drum at the end adjacent to it, and 
also, through a shaft, spanning the gate, it, gears with the suspending drum on the 
far side. The machinery consists of a wornl and wheel gearing, connecting to a 
train of gearing. The WOflll gearing of eAch gate is fitted with a pair of cranked 
hundles for working by hand and two or fouf men will be able to operate any gate 
by hand, in emergency. 
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158. For ordinary operation it is proposed to work the gearings by power, 
either electric or petrol motors being used. This could be done in two ways :-

(a) By fixing an electric or petrol motor to each set of gearing, or between 
. two gates, . with clutches for working either. This method would 

require 33 sets of motors and clutch gearing, or 66 separate motors. 

_ (7;) By using a travelling, electric or petrol, motor trolley which can move 
itself quickly to any gate and be connected by a sprock~t chain to 
the special driving wheel on the gearing of each gate (vide para­
graph 127 (d) ante).-

159. By this method (0) with 6 such trolleys (one spare) the whole of the 
barrage gates could be fully opened in 7 hours. The most rapid rise of the river. 
at the barrage site, hitherto recorded is 3' 2' in 24 hours (April 11th-12th, 1914). 
To pass this increased flood, it would have been necessary to open only 20 gates 
in the 24 hours, whereas the 5 trolleys could easily have opened these 20 gates i'l 
2 or 3 hours. 

160. The 6 travelling, electric or petrol, trolleys are therefore strongly recom­
mended for this work, as they not only 'Would save 66 motors, or 33 motors and 

. clutch gears, but in addition, they provide a means of rapid and easy communi­
cation across the mile-long bridge; and as regards lifting the gates, anyone tra­
veller is iriterchangeable with every gate, so that there is no possibility of the 
breakdown of power for any gate. 

SECTION .VII-A. 

Method Qf operating Gates. 

161. Regulation will be made by allowing surplus river discharge to pass 
below the gates, the latter being raised suffi ciently to pass the required discharge. 
Whenever the natural level of the river is as high as, or higher than, that required 
for the canals, all gates will be fully raised clear of the water, and the onlyobstruc-
tioir to the river then will be the piers. . 

, 
162. As soon as the river begins to fall below the required level, some or all 

gates (usually all), will be lowered sufficiently to head up the river to required level 
upstream. Throughout the period during which the river is thus headed up, tIle 
scouring sluice gates will be manipUlated in the manner which is fOlmd to be most 
suitable, so as to reduce the velocity of the river water in the approach channels 
to sueh a point, as will keep the surface water, for admission to the canals, at a 
lower velocity than that in the eanals, or at least, to reduce the velocity to such 
a point, that the heavier silt is either deposited in the approach channel, or con­
fined to the lower levels of the water, where it can be drawn under the scouring 
sluices, leaving the surface water, for the canals, free of the heavier silt. 

It is 1'I'obable that this result will be best e:fl'ected by keeping very slightly 
open, one' or more scouring sluice gates, adjacent to the regulators, and thus keep­
ing a steady dl'aw on the heavy silt-laden water, below the level of the canal sills. 

163. It is possible that a similar reduction of velocity, in the approach 
chapnels, could be effected in the fl,?odseason, by completely, or almost completely, 
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closing all the under sluice gates, and creating affiux in the river, to pass the river 
discharge through the ordinary barrage sluices, which would be fully open. Under 
these conditions, a small discharge would flow over the top of the scouring sluice 
gates, but this volume, added to the total discharge of the canals, would give _ a 
lower velocity in the approach channels, than the natUral velocity of the river; 
and would give more favourable conditions for the supply of the canals. Such 
action, if adopted, would cause the deposit of heavy silt in the approach channels, 
and this could be scoured out as often as necessary by temporarily raising the 
scouring sluice gates. 

164. It would be possible to continue such procedure until the afflux creat­
ed in the river gave a level upstream as high as the highest flood level .for which 
the works and guide banks are designed. It is only in the very highest floods 
that such action could not be taken. • 

165. This is merely a rough suggestion, put forward to meet a possible diffi­
culty of taking too much silt into the canals, when the natural level of the river 
is higher than that to be held by the barrage, at which times, 'the natural velocity 
of the river is much higher than that of the oanals. 

166. Statements will be worked out later showing the effect of such regula­
tion on river levels at different stages. The point hitherto has not been consider­
ed, but it has been assumed that the canals can be worked satisfactorily, when 
taking only surface water of the high floods, at the natural river velocity. The 
suggestion therefore embodies a possible improvement; not hitherto considered 
essential. . 

SECTION VIII. 

The Approach Channels and Divide Walls in River. 

(See Drawings Nos. 4 and 64,) 

167. These walls are required to confine the streams of river water flowing 
to, and past, the canal head regulators. It is necessary to separate these streams, 
on either bank, from the central portion of the river, in order that the effect of 
the barrage scouring sluices may be concentrated along the whole length of the 
face of the regulators. Without such walls, the draw of the scouring sluices would 
be dissipated, at a short distance above the gates, over the whole, or the gr~ater 
part of the width of the river. 

The number of spans of scouring sluices to be provided. and consequently 
the width of the approach channels, is a point of considerable importance. 

168. Wlien the main portion of a weir consists of falling shutters, which nor­
mally are opened only in the flood season and closed with difficulty, it is necessary 
to be able to pass the ordinary cold weather discharge, through the under sluices, 
but when the whole barrage and the scouring sluices consist of similar sluices 
which all can be operated with equal ease, the cold weather discharge can be pass­
ed through any portion with equal ease and there need be no relation between 
the discharge of the scouring sluice portions, and the cold weather discharge of 
th. river. 
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Even in the l>unjab, where falling shu:tter weirs are adopted, there appears 
to have been no theory connecting the river discharge'and the capacity of the 
undersluices. 

169. In this connection I might quote Mr. Schonemann, Superintending 
Engineer, Punjab Irrigation, in his " Design of Canal Head Works." He states: 
" The function of undersluices is to scour the river bed in front of the canal head, 
to keep the river bed low, and to prevent shoaling. This function is not best 
served by great width of water-way, but byaffinx, or head of pressure." Again 
he says; "The width of water-way given to the under sluices (Khanki) was 240: 
exactly the same as in the case of the existing head works at Rupar and Madhopur ; 
and apparently.designed without any other principle than that of imitation." 
And again, "In the design of undersluices it should be born~ in mind that what is 
wanted is high velocity and great erosive power, rather than great wa ter-way and 
discharging capacity. Sluices should therefore be relatively narrow and deep 
in water-way, relying for their draught and velocity on the afHux set up by the 
weir; and their discharging capacity need not be very much greater than the full 
capacity of the canal at the low stages of the river." 

170. I think, however, that in formulating this rule he has overlooked one. 
important point. The undersluices must be separated from the weir by a divide 
wall extending to opposite the end of the regulator. Hence a separate channel 
is formed through which the whole discharge of the canal has to pass to the 
regulator. 

If this channel be made very narrow, then the velocity in it will be very high 
and this would nullify its effect as a silt collecting basin. 

171. It seems therefore that the scouring sluices shollld be made of such 
width that the velocity in their approach channel is kept low. Perhaps Schone-
mann assumed this. -

172. Accordingly, on the left bank, 7 spans of scouring sluices are provided 
givipg an approach channel about 487' wide. This channel at its entrance has to 

. carry the ,whole discharge of the left bank canals, which tOtals about 25,000 cusecs 
hom June to September. The depth at entiance to the channel is 20'5', so that 
the mean velocity with all scouring sluices closed would be about 2' 5 feet/sec. 
as against about 3 feet/sec. in the canals. . 

173. But in addition to the canal discharge this channel has to carry the 
surplus discharge to be allowed to pass through the scouring sluices for scouring 
purposes. Thus if a mean velocity of 3 feet/sec., or a little higher, say '3' 25 
feet/sec. is allowed in the approach channel, this would pass about 32,500 cusecs 
giving about 7,500 cusecs surplus to pass under the scouring sluices. 

174. In the cold season, the combined dischai:ge of the canals is less, so that 
either the discharge of the scouring sluices may be increased, or the velocity in 
the approach channel will fall. This is entirely advantageous, as the lower the 
velocity, the less silt will enter the canals, and'the more be deposite<l in the ap­
proach channel below canal cill level. It can be scoured out from here, at inter­

. vals, by opening the scouring sluices, or the latter, if kept very slightly open, will 
continually draw it through the barrage. 
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. If more silt is required in the canal water, this can always be obtained by 
closing some of the openings of the regulators and taking lower water through 
others. The trouble, in most canals, is to exclude surplus silt. 

175. Similarly on the Right Bank, five scouring sIuices are provided; giving 
an approach channel about 347' wide, for a canal discharge of about 19,500 cusecs, 
or a velocity (without surplus discharge through scouring sluices) of about 2'75 
feet/sec. 

176. A second point to notice is that, as the stream in the approach .channel 
passes the regulator openings, and approaches the barrage, it is constantly 
decreased in volume .. Hence to maintain a constant velocity in the channel, it 
would be necessary to reduce its area, in the same ratio as the decrease of volume 
passing along it. It is not possible to vary the width of the channel in plan, as 
this would mask the openings of the barrage; but in the present design, the depth 
of the channel is increased by 3' at the river end (see plan No. 60) where the dis­
charge is greatest, and this depth is gradually reduced as it comes to the barrage. 
This partially allows for the reduction in the volume of the water flowing along 
the channel. 

177. The velocity still will be lower at the barrage end, so. that more silt 
will be deposited, or tend to be deposited, at this end; and this is convenient as it 
is adjacent to the scouring sluices. At the same time, the drop in the bed level, 
at the upstream end, where the velocity is highest, gives a deeper pocket below 
canal cillievel, in which silt can be -deposited, or the lower silt-laden water can 
pass, without affecting the surface water entering the canal. 

The Divide Walls (See Drawing No. 64). 

178. These walls do not require to be water-tight, and as they have to be 
built in the river, for a long distance, where it would be difficult, and very expen­
sive, to make a rigid foundation, the walls have to be designed to stand settle­
ment, and to be constructed without masonry foundations. 

179. The bed of the river will be dredged (if necessary) to 3 feet below the , 
required bed level of the approach channels. On this dredged surface loose pitch­
ing of large stone will be depositea under water to a depth of 3 feet over the 
whole area of approach channels, and extending about 32 feet to the river-side 
of the base of divide wall. 

180. On this pitching will be deposited large concrete blocks, each 10'X 
5' X 3', stacked in courses to break joint with one another in plan and elevation 
as shown in drawing No. 64. 

TheEe willee built, as shown, to form a wa1120' wide at base, 5' wide at top 
and 27' high, terminating at 0' to 3' above highest estimated flood level. 

181. As this wall will be built in the low water season, only the lower three 
courses will be under water. These will he placed' by floating cranes, and guided. 
into position by divers, or by special arrangements for the purpose. The remain­
ing6 courses will be above water level in the cold season. The wall will be pro­
tected from scour, on the river-side and ,upstream end, by an apron of stone pitch-
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ing, so' wide and of average thickness si feet, designed.to fall into any scour that 
may occur. 

SECTION IX. 

The Loads and Stresses allowed on masonry. 

182. In designing the bridges severe loads have been assumed to allow for 
_ future developments of traffic, and for possible military traffic. 

183. For the road-bridge a live load of 100 Ibs. per square foot over the full 
area of footpaths and roadway has been assumed. To _this is added 13 per cent. 
to allow for its .. live" effect. This is the allowance given by Farr for a span of 
60'. To this load has been added {without any deductions)-the weight of a steam 
roller ~r traction engine weighing IS tons, having 9 tons on the rear axle at the 
centre of the bridge, and 6 tons on front axle 11' from the centre of bridge. 
These loads are assumed to be distributed over the full 25' width of the bridge. 

184. The weight of a 60 pounder B. L. gun is 4 tons 12 cwt. on one axle, or 
S tons 8 cwt. on tw:o axles, and of a S" B. L. gun 3 tons 13 ewt. on ons axle and 4, 

tons 6 ewt. on two axles. These loads are therefore much less severe than that 
of the steam roller allowed for. Military motor lorries fully loaded woulg. also be 
much-less severe, and light electric or motor trams, if ever required, would also 
be 8 less severe load. 

185. It may be mentioned that the system of loads adopted gives identi­
~ally the same pressures as an evenly distributed load of 200 Ibs. per square foot 
plus the weight of roadway, parapet, etc:, over the full area of roadway and foot­
paths, which shows the severity of the loading adopted. 

186. With this assumed loading the maximum stresses in the masonry 
arches are desigued to be below 320 lbs./in.·. This is a somewhat higher figure 
than has been often adopted in the past, but after careful enquiry and examina­
tion of records and published works on the subject, this pressure is recommended 
as a perfectly safe limit. See paragraphs 187 to 194. 

186A. For the Gate Bridge the following loads have been allowed for, in addi­
tion to the full weight of the arches, spandriL~ and parapets :- . 

There will be only light foot traffic of work-people, etc., on this bridge, but a 
uniformly distributed live load of 45 Ibs. per square foot has been allowed for over 
the full width of bridge floor between parapets. 

186B; Part of this floor is carried by girders spanning the 16' ~ap between 
the upstream and downstream arches. For calculating the load of these girders 
Farr's allowance, 22 per cent., has been added to the live load, giving an equi~ 
valent dead load of S5 Ibs. per square foot and this load is convtlyed to the arches 
as a point load at the end of each girder. 

186e; To the distributed live load on the top of the 60' span arches them­
selves has been added 13 per cent. giving an equivalent dead load of 50 Ibs. per 
square foot over the whole liurface of spandrils. . 
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186D. In addition to the above loads, each arch nas to carry the reactions 
due to the weight of the girders and the 3i" reinforced concrete decking they 
support . 

. Near each end of the span come the heavy girders carrying the gates and 
counterweights. The reactions at each end of these girders are shown in the 
diagram and calculations, and are carried by the corresponding ~chesas point 
loads. ' 

186E. In further addition to the above loads, the upstream arch carries 1;he 
full weight of the travelling 3-ton crane. The weight of this crane, with its 3-
ton load suspended, is 15 tons. Farr says that for a 60' span it is necessary to 
add only 13 per cent. to the live load, for its equivalent dead load, giving 17 tons 
as the equivalent dead weight. • 

But as the crane may give partial shocks due to the sudden lifting of its load, 
a. further 3 tons is added, making the total equivalent dead load of 20 tons due to 
the crane. This is divided equally between two axles 5'3' apart, or 10 tons per 
axle, and the calculations have been made with -one axle just over the Cfentre of 
crown, i.e., with the whole load just on olie side of~the centre of arch. This is the 
worst position possible. 

186F. Under this combined system of loading the maximum intensity of 
pressure in either arch is 316 Ib8. per square inch (see also paragraph 271) or 
below the designed limit of 320 Ibs. per square inch. 

187. One of the most thorough writers on masonry construction is Ira. Oi 
:Baker. The following extracts are quoted from: his c'Treatise on Masonry Con­
struction," 10th Edition, pages 293-296. (The italics are mine.) See also 
pages 611 to 613. 

188. "581. Strength of Stone Masonry. The results obtained by testing 
small specimens of stone are useful in determining the relative strength 
of difierent kinds of stone, but are of no value in determining the ultimate strength 
of the same stone when built into a masonry structure. The strength of a mass 
of masonry depends upon the strength of the stone, the sizes of the blocks, the 
accuracy of the w-essing, the proportion of headers to stretchers, and the strength 
of the mortar. A variation in anyone of these items may greatly change the 
strength of the masonry. The importance of the mortar as affecting the strength 
of masonry to resist direct compression is generally overlooked. The mortar 
acts as a cushion between the blocks of stone, and if it has not sufficient strength 
it may squeeze out laterally and produce a tensile stress in the stone. It is cer­
tain that, usually, weak mortar causes the stone to fail either by direct tension 
or by tension due to the flexure rather than by compression." 

"No experiments have ever been made upon the strength of stone masonry 
under the conditions actually occurring in masonry structures, owing to the lack 
of a testing machine of sufficient strength. Experiments made upon brick piers 
12 inches square and from 2 to 10 feet high, l~d in:mortar composed of 1 volume 
portland cement and 2 sand, show that th~ strength per square inch of the masonry 
is only about one-sixth of the strength of the brick. An increase of 50 per cent. 
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jn the 8~ngth of the brick produces no appreciable effect on the s~ngth of the 
lI\&80nry ; but the lIubstitution of cement mortar (1 portland and 2 sand) for lim~ 
mortar (1 lime and 3 sand) increases the strength of the masonry 70 per cent. 
The method of failure of these piers indicates that the mortar squeezed out of the 
joints and caused the brick to fail by tension. Since the mortar is the weakest ele~ 
merit, the lea, morfM lUed the Itronger the waU ; therefore the thinner the joints and the 
larger the blocks, the Itronger ,he·masonry, provided the surfaces of the stones do not 
.cqm,e in contact." 

" It is generally stated that the working strain on stone masonry should not 
.exceed one-twentieth to one·tenth of the strength of the stone; but it is clear, 
from the experiments on the brick piers referred to above, that the strength of 
the masonry depends upon the strength of the stone only in a remote degree. In 
.a general way it may be said that the results obtained by testing small cubes 
may vary 50 per cent. from each ~ther (or say 25 percent. from the mean) owing 
to undetected difierence in the material, the cutting, and the manner of applying 
'the pressure. Experiments also show that stones crack at about half of their 
ultiinate crushing strength. Hence, When the greatest care possible is exercised in 
.selecting and bedding the stone, the safe working strength of the stone· alone 
Jlhould not be regarded as more than three-eighths of the ultimate strength. A 
further allowance, depending upon the kind of'structure, the quality of mortar, the 
.closeness of the joints, etc., should be made to ensure safety. Experiments upon 
even comparatively large monoliths give but little indication of the strength of 
masonry. The only practicable way of determining the actual strength of masonry 
is to note the load& carried by existing strUctures. H~wever, this method of intJe8ti",a.~ 
tion will give only the load which does not c7'Ullh the masonry, since probably no struk­
.ture ever failed QJJJing to the crushing of tlte mas&nry. After an extensive corre;­
pondence and a thorough search through engineering literature, the following list 
is given as showing the maximum pressure to which the several classes of masonry 
have been subjected. 

. .. 582. Pressure .allowed. Early builders used much more massive masonryo. 
proportional to the load to be carried; than is customary at present. Experience 
.and experiments have shown. that such great strength is unnecessary. The stone 
.erch bridge "of 140 feet span at Ponty-Prydd, over the Tall, in Wales, erected in 
1750, is supposed to have a pressure of 72 ~ns per square foot (1,000 lbs. per square 
inch) on hard limestone rubble masonry laid in lime mortar. Rennie subjecte!I.· 
good hard limestone rubble in columns 4 feet square to 22 tons per 87UQre foot (300 
.lbs. per square. inch.)" 

"In the Washington Monument, Washington, D.C., the normal pressure· 
,on the lower j~int of the walls of the shaft is 20' 2 tons per square foot (280 lbs. per 
square inch), and the maximum pressure brought upon any join, under the 
.action of the wind is 25'4 to~ per square foot (350 lbs. per 8quare incb)." 

" The pressure on the li~e piers of the St. Louis Bridge was, before com-' 
pletion, 38 tons per square foot (527 lbs. per square inch); and after completion 
the pressure was 19 tons per square foot (273lbs. per square inch) Oil the piers and 
15 tons per square foot (198 lbs. per square inch) on the abutments." . , 
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"The limestone masonry in the towers of the _Niagara Suspe~ion Bridge­
failed urider 36 tons per square foot, and. wer~ taken down-however, the masonry 
was not well executed and was subjected to fle:L'Ure." , 

"·At the South Street Bridge, Philadelphia, the pressure on the limestone 
rubble masonry in the pneumatic piles is 15'.7 tons per square foot (220 lb. per' 

. square inch) at the bottom and 12 tons per square foot at the top. • This is un­
usually heavy, but there are no signs of weakness.' " 

'. 

"1i83. Safe Pressure. In the light of the preceding examples it may be­
assumed that the safe load for the difierent classes of masonry is about as follows, 
provided each is the best of its class :-

Rubble .. 10 to 15 tons per aquare foot =14()"to 200 lb. per square inch. 
IIqu ..... d nolle •. 
Limestone .A .. 1alclr 
Granite Aohlar •• 
Concrete ( ... S. 4(3) .• 

o. 15 to 20" " If .. =200 to 280 "" ,. " .. 20 to 25 .. .. .. .. =280 to 350 H .. .. .. .. 25 to 30 .. .. .. .. =350 to 400 .. .. .. .. .. 30 to 40 .. .. .. .. =400 to 550 .. .. " .. 
"G84. A large committee composed of the leading architects and engineers' 

of Chicago recently recommended the following values for the building laws of 
that city:-

Kind of m~8oDry. 

Rubble uncoursed in lime mortar 
" " in portIand cement mortar 
" coursed, in lime mortar _ 
" "in portland cement mortar 

Ashlar limestone in portland cement mcJ'I"tM 

" granite in portlan<\ cjlment mortar 
Concrete, portland cement, 1: 2 : 4, hand mixed 

" " " "machine mixed .. 
" " " 1 : 21 : 5, hand mixed 

" " H " 
machine mixed 

" " " 
1 : 3 : 6, hand mixed 

" " " " 
machine mixed .. 

" 
natural cement, 1: 2: 5 

Lb.. por 
.quare inch. 

60 
100 
120 
200 
400 
600 
350 
400 
300 
350 
250 
300 
150." 

189. It will be seen that for ~ne ashlar Baker reco=ends a limiting 
pressure of 280 to 350 lbs./in.!, while the Chicago Committeereco=ends 400-
Ibs. in.-. My calculated maximum limit of 320 lbs.lin." is therefore below their 
average. 

190. The various examples of limestone masonry, quoted fr0If~tual prac­
tice, show that this pressure has been considerably .exceeded at times, as for 
example in the St. Louis Bridge and the Ponty-Prydd Bridge, though usually 
somewhat lower pressures are adopted. But as BakeYVery .rightly points out, 
the many cases of existing structures with low pressures are of little value in decid­
ing what is the'safe limit of pressure. The only case of failure he quotes, is that 
of the Niagara Suspension Bridge, where the limestone towers failed under a pres­
sure of pOO Ibs.lin.-, but he states that the masonry was not well executed and 
was subjected to flexure, so this is not a good test. 
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191. The St. Louis Bridge on tpe other hand stood' a pressure, during coll<ll 
jt~~tion! of 527 ~.Iin.· witho.ut .dam~ge. But the mClststriking ex~mple ()f th,~ 
.trength ofsuch masonry is the Pont-y-Prydd Bridge in South Wales .. _ ~~ .~as 
stood a prU81J.re of 1,000 lbs.tin.· for 160 years, and is still in excellent condition. 
The following further details of this bridge are taken from Trautwine, pages 
615-616 :-

Spon. 

140' .. 
• 

Rile. 

35' 
.~~&:liDS. Depth.t Crown.. Engi.n~r. 

87'5 1'5 Edwards." 

"Pont-y-Prydd, in Wales, is a common road bridg~ of very rude construction 
with a dangerously steep ~oadway. It'was built enti~iy of rubble, in mortar, by a. 
.common rcuntry mason, in 1750;' and is stiU in perfect condition. Only the outer, 
orshowing arch-stones, are 2'5' deep; and that depth is made up oftwo stones. 
The inner arch stones are but l' 5 feet deep; but from 6 to 9 inches thick. The· 
atone quarried with tolerably fair natural beds; and received little or no dressing: . 
in addition. The bridge is a fine example of that ignorance which often passes 
for boldness." 

102. The last statement is less. than generous, and scarcely justified by facts r 

Il8pecially if the history of this bridge, and of itS capable "common country. mason .r 
builder and designer is studied. ., . 

The bridge is perhaps the most valuable work existing, to show what loads can. 
actually be carried by good limestone masonry. 

103. As Baker shows. the strength of masonry is only partly and slightly 
dependent .on the strength of the stone, while that of the mortar has a very large 
effect on the strength of ordinary masonry. 

, i04.. In view of his conclusion that, "the thinner the joints, and the larger 
the blocks, the stronger the masonry, provide<;l. .the surfaces of the stones do not 
come in contact; .. and that in our arches it is. proposed to use thin joints of strong 
cement mortar, a~d ~ery. large blocks of carefully dressed stone for thevoussoirs, 
I consider that we might with perfect safety adopt a much higher pressure than 
that no,w re~ommended. A very high rate is allowed in the estimates for the 
easily obtained and easily worked stone, so that the very best work can be done. 
I am allowing a factor of safety of about 15 on the crushing strength of the stone~ 

. ' , , 
It is.~nly in the arch masonry, which will be ashlar of the very best quality 

set in.cement mortar, that this high p~ure will be met. The maximum pres· 
sure on any parts of the piersor superstructure is far lower-under 1001bs./in: 
and is unquestionably safe. 

SECTION X. 

Preslure on Sand below FoundatioDs. 

lOll. The only points at which there is any considerable pressure !In the sllnd 
are below the piere. The piers stand on a continuous slab of solid muon.ry 
11 feet thick, and it is probable that the whole weight of the superstructure and 

. piers is distributed almost evenly over th~ whole area of this slab. But for cal-
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~utation it has been assumed that this would not be so, but that only 80 much ~f 
the slab masonry transmits the pressure, as is included in a 415° slope from the 
hase of the piers thua :- " 

...... 
1-"-

" 'f ". , .. - . . ' • . - -.. - . • 1 .... ,.;.,r . 
, u • I 

196. The worst case will be at the abutment piers during construction, or 
in the event of failure of the arches on one side of them. The maximum intensity 
of pressure on the sand, under these conditions (see plan No. 49) is only 2'78 tons 
per square foot, while the average intensity of pressure over the base width is 
l' 74 ton~ per square foot. " 

197. The sand on which the barrage is founded is extremely fine and 
compact, and provided it is prevented from spreadinR will probably bear almost 
any load. 

In this connection I again quote from Baker's "Treatise on Masonry 
Construction," pages 339 to 342. 

198. II 663. Sand. The sandy soils vary from coarse gravel to fine sand. 
"The former when of sufficient thickness forms one, of the firmest and best founda· 
tions i and the latter when saturated with water is practically a liquid. Sand 
when dry, Of' wet Band u'hen prevented from spreading laterally; forms one of the best 
bed8 fOf' a foundation. Porous, sandy soils are, as a rule, unaffected by stagnant 
water, but are easily removed by running water i in the former case they present 
no difficulty, but in the latter they require extreme care at the hands of the 
constructor, as will be considered later." 

"664. Compact gravel or clean sand, in beds of considerable thickness, pro­
tected from being carried away by water, may be loaded with 8 to 10 tons per square 
foot with safety. In an experiment in France, clean river-sand compacted in a trench 
IUpported 100 tons per square" foot. Fine sand well cemented with clay and 
compacted, if protected from water, will safely carry 4 to 6 tons per square foot." 

II The New York pier of the Brooklyn Suspension Bridge is founded 44 feet 
below the bed of the river, upon a layer of sand 2 feet thick resting upon bed-rock 
the maximum pressure being about 61 tons per square foot." 

" At Chicago sand and gravel about 15 feet below the surface are success­
fully loaded with 2 to 21 tons per square foot. The Washington Monumen~ 
Washington, D.C., rests upon a tJerY fine sand twa feet thick underlying a bed of 

, wavel and boulders, the Of'dinary pressure on certain parts of the foundation being 
not fa, from 11 tons per square foot, which the wind may increase to nearly 14.tons 
pet. " 'IJUM' Joot." " 



" Corthell cites ten examples of structures that give pressure on fine sand 
ranging from 2' 25 to 5' 8 tons per square foot, the average'being 4' 5 tcms-aU with­
out 8ettlement. The same author gives three examples in which pressures of l' 8 
to 7' 0 tons per square foot (avl1I'age 5' 2) on fine 8and gave notable settlement." 

" Corthell gives seven eXamples ·of structures founded on aleuvium and ,ilt in 
wh-ich the pressure ranged from 1 . 5 to 6' 2 tons pl1l' square foot, the average beMig 2' 9 
tons in which thl1l'e was flO settlement ; and two examples in which there was notable 
settlement under pressures varying from l' 60 to 7' 60 tons per square foot." 

199. Now the sand below the barrage is prevented from spreading, or· from 
being removed by water, by the four curtains of steel sheet piling driven below the 
foundations, and embedded at their top ends in the masonry. 

The sand is therefore compacted and protected in three great. trenches; and 
the central slab of foundation masonry, which carries the weight of the super­
structure, rests on the sand of the centre of these three trenches. Moreover, as 
the steel sheet piling is embedded in the foundation shib, this piling also will help 
to support the weight, but no aUowance MS been made for this in the calculations 

for pres.'ure on lhe sand. 

It is considered therefore that the extreme maximum pressure allowed, viz., 
2' 78 tons per square foot and the normal maximum of 2' 48 ·tons per square foot 
are low and very safe figures. At Khanki, the pressure on the' sand below the 
downstream toe of the canal head regulator is 3 tons per square foot, with no 
wells or piling to prevent lateral spread. 
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PART III. 

THE CANAL HEAD REGULATORS. 

SECTION I. 

General. 

A.-FLOORS. 

200. The principles on which the floors of these regulators have been design­
ed are similar to those followed for the design of the barrage floors. 

B.-WATERWAY. 

201. The width of opening provided for each canal has been designed ~ 
give a permanent cil! not less than 6 feet above the floor of -the approooh channel 
when the canals are getting designed full supply, with a drop of 6 inches through 
the regulators. 

202. The mean velocity through the'regulators under these conditions will 
be about 3' 6 feet per second, while the mean velocity in the various canals 
varies from about 3'0 feet/sec. to 3'27 feet/sec. (except in the case of the 
Eastern Nara-see la~r). 

203. "'hen the river level is higher than that required for the canals, i. e., 
when the drop through the regulators is more than 6 inches, then the velocity of 
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intake, through the regulators, will b_e higher; but at the same time owing to the 
smaller area of discharge required, the rising cills and gates will come into opera­
tion, and the water will be withdrawn only from the higher (and less silt-laden) 
levels of the river. 

204. In any case, the velocity through the regulators is not of great impor­
tance,provided--

(a) The low level water of the river is not admit1;ed, and 

(b) still m6re important, that the velocity of the water in the approach 
channels is kept low, if possible, lower than that in the canals. This 
point has been dealt. with already in paragraphs 170 to 177 ante. 

C.--REFERENCE TO PLANS. 

205. Plans Nos. 3 and 4 show the general layout in plan of all regulatore. 
Plan No. 60 shows the general elevation of all regulators. Plans Nos. 9 and 10 
show the sectional elevation through the regulators and guide banks. 

Plans Nos. 62 and 63 show the detailed design of the regulator super-
structure. . . 

Plan No. 61 shows the detailed design and stability diagram for the floor of 
regulators. 

DETAILED DESCRIPTION OF REGULATORS. 

SEC~ION II. 

Design and Stability of Regulator Floors. 

206. The gen~ral principles of the design of the floor are the same as for the 
barrage floor, and are fully explained in section (ii), paragraphs 96 to 105 ante. 

The-same hydraulic gradient, 1 in 17 has been adopted, the same unit weight 
for masonry, and the same factor of safety against upward pressure, as in para­
~aph 106 ante. 

207. The regulators have to be designed to be capable of complete closure 
at any stage of the river. The estimated highest flood level is R. L. 200' 5 and the 
bed level of the canals is shown as R. L. 180' 5, giving a total head of 20', with 
.canal empty. 

208. Several of the canais will actually have their beds at a higher level 
than that shown, but as these cannot be finally decided until the detailed designs 
of the canals are settled, I have adopted the worst condition for design, and have 
estimated all at this level. When the final designs of the canals are worked out, 
the designs of their head regulators will be modified accordingly. All such modi­
fications will result in savings of some magnitude. 

209. Referring now to the general design submitted (Plan No. 61) it will 
be seen that a masonry apron 4' thick by 55' wide has been provided on the river 
side of the regulator floor. This upstream floor or apron never has a net upward 
l'J't'.s5ure on it, so that theoretically it can be made very thin. Any increase in 
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the width of this apron results in a net saving in the total masonry of the regulator 
floor, as the portions downstream of the gates, necessary to provide the balance 
of length of creep, have to be made more heavy to withstand upward pressure. 

210. In view of the fact that this upstream apron is permanently submerged 
in the open approach channel from the river, and that inspection is therefore never 
possible, and repairs would be very difficult, it has been, considered advisable 
to restrict the width to that shown, viz., 55'. For the same reasons the thickness 
has been made 4 feet to provide a really solid block of masonry, not liable to crack 
or settle. Any cracks in this apron, of course, would increase the upward pressure 
on the rest of the floor, at once. 

211. At the riverside edge, the apron is protected and supported by the 
curtain of steel sheet piling; driven below it, and embedded in it, while, at the 
regulator side, it will be built homogeneous with the heavy central floor. It is 
protected from scour on the river side, by heavy stone pitching, 3 feet thick, 
which will extend over the full width, and full length, of the river approach 
channel. 

212. Immediately behind the permanent masonrY cill of the regulator, the 
surface level of the floor has to be kept low enough to allow the steel rising-cill to 
be lowered, until its top is flush with that of the masonry cillo This gives R. L. 
177 . 5 as the floor level at this point. 

The bed level of the canal being at R. L. 180' 5, the floor is sloped upwards at 
1 in 10 for a length of 30 feet until it attains bed level. 

213. A minimum thickness of about 10' is considered desirable for this cen­
tral slab of flooring which has to distribute the weight of the piers and superstruc­
ture. The curtains of steel sheet piling have been made of such depth as to utilize 
the weight of the floor economically for resisting the balance of upward pressure 
at each point . 

. 214. The bottom of the floor has been made horizontal, with vertical steps, 
to reduce the thickness at intervals to that required for safety. The total length 
of this central block is 60'. It is 2'-6" thick behind the cill, and 10' thick at 
the downstream side. 

215. The downstream floor is 70' long and requires a thickness of 6' for 
safety at its junction with the central floor. The thickness is reduced to 3' at 
the downstream side. 

216. The four curtains of steel sheet piling are driven respectively 15', 20', 
20' and 11' below the bottom of the floor, and are all embedded, at their top ends, 
in the masonry. The upward water pressure is reduced to nil by the time it 
. reaches the end of the downstream floor, after travelling direct from the river edge 
of upstream floor, along the underside of the floor and round the curtains of steel 
sheet piling to the downstream toe. 

217. If, however, no provision were made to prevent it doing so, water under 
pressure could find its way through the soil round the outsides of !he abutment 
and thus outflank the floor. To prevent this a curtain of steel sheet piling is 
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driven, on the line of the canals, under each abutment, and closing the spaces 
between the cross curtains of piling below the floor. 

~I8. Further, the curtain of piling below the upstream side of the central 
floor is made continuous (see drawing 'No. 4) starting at the upstream end of the 
regulator river wingwall, and running without a break under all regulators and 
connecting walls, under the river abutment of the barrage, and under the down­
stream wing wall of the barrage, meeting finally the curtain of piling under the 
downstream floor of the barrage .. 

219. The upstream masonry apron of the regulators also.is made continuous, 
starting from the upstream end of the river wing .wall of regulators, and running 
unbroken to meet the upstream masonry floor of the barrage; The curtain of pil· 
ing under the river side of this apron is also continued throughout its full length. 
This apron and the two rows of piling effectually prevent outflanking of the regu­
lator and barrage floors in all directions, and, moreover, add greatly to the protec­
tion and stability of the' whole work. 

220. As regards protection against scour on the canal side of regulators, we 
have a length of 117' of solid masonry floor, downstream of the gates, 'or 5'8& 
times the maximum head 20'. Beyond this there will be 85' of large concrete 
blocks 5' X 3' X It' laid on It' of stone pitching, giving a length of 202' from the 
gates or 10 times the head 20'. Beyond this point again will be a talus of loose 
stone pitching 2' thick, for a further length of 200', making a total protection of 
402' from gates, or 20 times the head. 

221. . The 1 to 1 side slopes of the canal will be protected with stone pitch­
ing Ii' thick from bed to berm level, as far as the end of the bed protection. 

222. This bed and side protection for the canals is rather longer, in propor­
tion to the head, than has been allpwed for the barrage (vide paragraph 116), but 
in the latter there is provision for a falling apron at the end, and scour of the river 
bed beyond would not matter, whereas in the canal we wish to protect the bed and 
sides against all scouring action (due to eddying from the regulators) until the 
canal has settled down to a steady flow, when it has, a non-scouring and non­
silting velocity. 

223. It is most improbable that the canal would be ever opened with a head 
of 20'. This could only occur with maximum flood level in the river and an empty 
canal Even if the head regulator were completely closed for several days during 
the highest flood, it is doubtful whether the canal could drain itself dry in that 
time, or that the regulator woUld be reopened under such extreme conditions. 
The whole structure, however, is designed for such conditions as ordered by 
Government. The full investigation of the stability of the floor is given in 
Part IV, pages 97 to 100, and in Appendix L. 

SEt'rION III. 

Superstructure.· 

(See Drawing8 N08. 62 aml 63.) 

224. As in the barrage design, all regulators are provided with two separate 
bridges carried side by side on the same piers. The upstream bridge is at a high 
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level for suspending and operating the regulator gates, while the downstream 
bridge is at a-lower level and provides a road bridge for vehicular and foot traffic, 
giving conneCtion between the roads along the guide banks, upstresm and down­
stream, and with the road-bridge across the barrage. 

Th!3 high level bridges will be referred to as the" Regulator Gate Bridges" 
and the low level bridges as. the "Regulator Road Bridges." 

225. All regulator openings -are of 25' clear span, with piers 5' thick. Where 
there are more than 6 spans in a regulator, an abutment pier 10' thick is provid­
ed at the centre, dividing the regulator into two bays. This will economise in 
arch centering,. and increase the safety of the structures. 

226_ On the upstream side, no cut waters are provided, but the edges of 
the piers are just slightly rounded. This is found to give better results, for open­
ings taking off at right angles to the supply stream, than sharp nosed piers. The 
permanent masonry cills are carried out flush with the face of the piers, so that 
the sco~g sluices can scour right along the face of these cills. 

227 _ On the downstream side of the regulators, the piers are provided with 
ease-waters of 5' radius to reduce eddying effects. 

SECTION IV. 

The Regulator Gate Bridges_ 

22S_ These are similar in all regulators. They consist of two separate semi­
circular arches of 25' span each springing at R. L. 202·0, i.e., 2 feet above esti­
mated highest flood levels. The upstream arch is 4'-3" wide, and the downstream­
arch 4' wide. There is a gap of 12'-6" between the two arches, and in this gap 
will be suspended the gates and counterweights. Both arches are 1'-6" deep 
at crown and 2'-0" deep at springing. The top of the spandril:;; is at R. L. 219·0. 

229. The gap between the arches is spanned at intervals of 5'-3" by rein- _ 
forced concrete beams, carrying slabs of reinforced concrete paving (removable; 
or otherwise, as considered desirable), for the decking of the bridge. 

Near each end of the span will be a steel girder, in place of a reinforced con­
crete beam, to carry one end-frame of the lifting machinery. The other end-frame 
will be fixed on solid masonry above the piers.-

230. The decking of these bridges will have to carry only a light load 
consisting of the work-people and their tools, etc., all heavy machinery being car­
ried over the masonry piers and the steel girders mentioned above. 

The system of loading is identical to that adopted for the Barrage Gate 
Bridge, with necessary changes in the weights and spans. See paragraph IS6-A. 
to IS6-D ante. 

This is more severe than is ever likely to occur, but it allows for heavy repair 
machinery being loaded on the bridge at any time, and for shocks and jars from 
same. Even with this heavy loading the- stresses in the masonry have been kept 
very low-less than 160 lb. per square inch in the arches, and much less in the 
~ mainder of the structure. Details will be given later under" Stability." 
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231. A parapet wall 3' high will be built on the upstream or river side of the 
bridge, but no parapet is provided at·the ends or at the downstream side, as the 
bridge level here is only a few feet above the roaqway and platforms alongside. 
Access to the bridges will be given by stairways at either end of each regulator' 
Gate Bridge, these stairways starting at the platforms, formed at Road-level, 
between the regulators. 

SlECTION V. 

The Regulator Road Bridges. 

232. In all regulators the road-bridge is carried on ellip'tical masonry arches 
of 25' span, 8' 33' rise, and full width of 25'-3". It will be seen from the longi­
tudinal section plans Nos. 9 and 10 that the roadway at the Barrage end of regula­
tors is at R. L. 215' 0, while at the upstream end of the regulators, where these 
join the guide banks, the roadway is at R. L. 212. This necessitates making the 
roadway over the fegulators on a gentle gradient. On the Right Bank this gra-
dient will be 1 in 400 and on the Left Bank 1 in 433. - ' 

The springing level of all arches in anyone regulator has been kept the same, 
but this level is varied in each Regulator. 

233. The top of the parapet wall on the canal side of bridges is also kept 
level for the sake of appearance while the road surface is on the gradient. This 
makes the height of parapet wall, above the footpath, greater at the upstream 
than at the downstream end, but as the longest regulator is only 360 feet, and 
the gradient 1 in 433, the difference in height is only 10 inches, so that at the 
downstream end that height above ~ootpath will be 2'-7" and at the upstream 
end 3'-5" both of which are unobjectionable. The string courses at the base 

. ()f parapet walls, on the outer face of the bridge will be level, and parallel to the 
top of parapet wall. 

234. These parapet walls end at the abutments of each regulator, and between 
each two regulators will be the ends of canal banks, so that it will not be unsightly 
to start the next regulator parapet at a di:lierent level . 

• 
235. On the river side of the road-bridge, there is no parapet wall, as the 

high-level bridge, running side by side with the road-bridge, serves the purpose. 
Where the intrados of the high-level bridge arches is above the level of the foot­
path of road-bridge, the latter will be corbelled out under the high level arch and 
a small guard wall or curb built along. this. The gap is D:ever more than 21 
high, and merely gives a glimpse of the gates, and the river beyond. 

236. The metalled roadway over the regulator bridges will be 16' wide, as 
on the barrage road-bridge, with raised footpaths, 4' wide, on either side. The 
combined abutments for both bridges in all regulators are 10' thick &hove R. L. 
202' 0 (springing level of upper bridge) with a back slope of 1 in 4, below that 
point. to foundation level. 
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SECTION VI. 

Architectural Features. 

237. The general design of these regulators is in the same style as that of 
the barrage on which they depend, so that the motif is unbroken throughout. 
The frie;!le and parapets are supported on piers of square pilasters, springing ,from 
bases, carried on the cutwaters of the piers. 

238. On the river front, the gate bridge Buperstructure of each regulator 
stands well above the parapet level of the river wall, each forming a massive struc­
ture of tower-like appearance, and uefining at a glance, the purpose and magnitude 
of each work. 

While it is hoped that the structures have a fine and pleasing appearance 
the whole is purely utilitarian. 

SEda'ION VII. 

The Regulator Gates. 

239. The discharge of waterthr!Jugh the regulators will invariably be taken 
from the river over the top of the gates of the regulators. 

In each span of a regulator there are three of such gates, each working in 
1!Ieparate cast iron grooves, one behind the other. 

240. All gates consist of steel girder frames, enclosed in steel plating. 

241. Every gate will be fitted with Ashford's roller boxes with roller bearings 
which will convey the pressure to the cast iron grooves. 

These are stated to have been found thoroughly satisfactory in actual use on 
gates of 25 feet clear span. 

I 

242. Stoney's system of free roller trains is not suitable for three tier gates 
owing to the space required, and the difficulty of making a water-tight joint 
between the gates in adjacent grooves. The roller boxes, on the other hand, 
can easily be made of no greater, or less, width than the gates, so that the latter 
in tiers can be set just to clear one another, with a staunching arrangement between 
1;he two gates. 

243. The lowest gate will work in a groove just behind the permanent 
masonry cill and will be capable of being lowered entirely behind thll latter when 
not required, or at any position above this, to give cut-off. This gate is des­
cribed, as a " rising cill". Its height will be 4'-6', and it will be operated by a 
screw gearing, capable of lifting its weight, or pushing it down, even if obstructed 
by silt behind the masonry cillo The gearing is so arra.nged that, when the river 
water level is at the normal level to be held by the barrage, and the canal requires 
a fully opened regulator, this gate can be raised clear of the water surface, for 
inspection and cleaning. 

The gearing for working the gate will be fixed on the deck of the gate bridge 
and will be capable of being worked either by hand or by power. 
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244. The middle gate will he 8'-6" high working in a cast iron groove 
immediately behind the rising cillo It can be lowered till its top is level with the 
top of the rising cill, at the highest regulating position of the latter, so that when 
the ,rising cill is unable to provide sufficient cut-off, the middle gate is lowered 
behind it and set sufficiently high to give the required cut-off. 

When the middle gate is not required for regulation it can be raised clear of 
the water, and will then be open to inspection and cleaning. 

245. The middle gate is suspended by wire ropes, which pass over geared 
drums fixed on the bridge deck and thence round the pulleys of the counterweight 
to an anchorage on the bridge. The counterweight thus hangs in a bight of the 
cable, and having only half the travel of the gate, must be of double its weight. 

246. The top gate will be 8 feet high and will come into operation only 
when the middle gate is unable to give sufficient cut off. It can be lowered com­
pletely behind the middle gate, or set at any higher position, to provide the 
required cut off. It is supported and counterbalanced in the same manner as the 
middle gate. When not in use it can be raised clear of the water for ~pection 
and cleaning. 

247. When all three gates are set in their highest working positions, i.e., 
each overlapping one another by 3 inches, the top of the top gate will be at R. L 
202'25 or ,2 feet above the highest estimated flood level. In this position the 
canal would be completely closed. . 

248. The height of the superstructure has been so arranged, that at any 
stage of the river at which any gate will not be needed for regulation, it will be 
possible to raise the g!l-te clear of the then water level, while its counterweight 
will also be clear of the water, so that the gate can be inspected and cleaned. 

249. In the case of the lowest gate, or rising cill, which will be most fre­
quently in use, it will be possible to raise this clear of the water at any stage up 
to R. L. 195 (higher than the top of the barrage gates) by lowering the middle 
gate to rest on the pavement, and adjrn;ting the supply, if necessary, at the other 
operungs. 

250. The design and estimate for these gates, t'ide Plan No. 68, has been 
kindly provided by Mr. Ashford, at my request, and arranged acCording to my 
suggestions. 

251. 'Mr. Ashford, however, has designed them with a steel superstructure 
which I have replaced by masonry, with a resnlting great saving, and with added 
permanence, decreased maintenance, and, it is hoped, improved appearance. 

Mr. Ashford has also by mistake designed for a somewhat higher flood level 
requiring higher gates, but his estimates have been reduced in the ratio of the 
.actual, to assumed, heights. 

252. The counterweights designed by 1I1r. Ashford are steel casings to be filled 
with sand. These have been adopted in my design, but I would propose to substi­
tute, for these, reinforced concrete weights, which will result in a great saviug, 
(ride also paragraph 126 ante, and Plan No. 47). 
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SECTION VIII. 

Lifting Arrangements . 
. 253. The machinery for operating the gates will all be fixed on the deck of 

the gate bridge. 

There are separate winches and gearings for each of the three gates, in each 
span, and all are provided with means of operating them by hand. 

254. Ail none of the regulators are of great length, there is no necessity to 
have travelling inspection trolleys; and as each regulator gate bridge is separate 
from its neighbour, with a dro'p between them, it would not be possible to travel 
on such a .trolley from one to another. The maximum number of spans in any 
regulator is 12, and there would be little saving in using a travelling power-unit 
to operate these. 

2115., It is proposed, therefore, to fit sprocket wheels on opposite ends of the 
gears of rulj'aCent spans, and to fix one motor over the pier between two such 
spans. The motor would be geared to a lay shaft, provided with two driving 
sprocket wheels, one for each set of gates. Each driving-sprocket wheel would 
slide on a feather shaft, so that it could be set opposite either of the three driven­
sprocket-wheels on the three sets of gearing for the gates of one span. 

Three link chains o~ difierent lengths would be provided, suitable for the 
drive of each gear respectively. 

2116. When desiring to lift anyone gate the driving wheel would be slid 
along its shaft opposite the wheel to be driven, the link chain put on the wheels 
and the open link connected, alid the motor would then operate this gate. 

In this manner, one motor could operate six gates, i.e., two spans of a regula-
tor. 

257. Ail in the case of all such fixed power units, it would be desirable to 
have all units interchangeable, and to keep a few spare uillts in case of break­
downs. 

SECTION IX. 

Connecting River Walls between RegUlators. 

2118. Between the abutments of each two canals, a masonry wall is built 
to serve the double purpose of a retaining wall to support the earth filling between 
abutments, and to provide a protected face against the river in the approach 
channels. The river-side face of the walls has a batter of 1 in 12, and the back of 
the wall a batter of I in 4, with a top width of 3t feet. 

259. The top level varies from R. L. 215 for the wall joining the barrage and 
first regulator, to about R. L. 213' 0 for the wall joining the two canals furthest 
upstream. This follows the fall in the road level over the regulator bridges. 
A parapet wall 3' high will be built along· the river-side edge of this wall. 

260. The walls are founded on a masonry base 22' wide by 5' deep, the top 
of which will be at the level of the floor of the approach channel. The curtain wall 
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of steel sheet piling, mentioned in paragraph 218 above, is driven below this wall 
and embedded in the foundation masonry, providing extra support for the wall. 

261. The foundations are further protected from the scour, due to the draw 
of the barrage scouring sluices, and to the intake of the canals, by the masonry 
apron 55' wide and 4' thick which is bonded into the foundation masonry. This 
apron also has a curtain of piling at its river-side edge, as described in paragraph 
219 above. 

262. The toe of the river walls, at bed level, is kept in the same line as the 
face of the regulator piers and cills; so that the whole face is unobstructed, and 
can be effectively scoured by the barrage. 

SECTION X. 

Upstream Wing Walls. 

263. At the upstream end of the line·of regulators on either bank will be a 
masonry wing wall, abutting on the back of the last regulator abutment. In plan 
the face of these walls will be in line with the toe of the guide banks, and the walls 
will be of sufficient· height at all points to support the Ii to 1 slope of tne guide 
bank where it meets the regulator. 

264. The top width of the walls, at_their junction with the abutmen,t is 6', 
and at the upstream end, where they drop down almost to bed level, is 2' only. 
The face batter is 1 in 8 and the back batter 1 in 4. This gives a cross section at 
all points with a mean width of one third the height. 
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265. The sets of calculations attached in Appendix I show details of loads 
and resulting' intensities of pressure~, on all the principal parts of the masonry 
structures. Calculations are also given for certain girders and other steel work. 

266. Mr. Ashford has not supplied the calculations for the gates, counter­
weights and steel superstructures, but it is believed these have been designed in 
detail, wit.h the exception of the Lattice Girder Road-bridge Estimate. - The latter 
has not been designed at all by Mr. Ashford, but he merely gives an approximate 
estimate for it, based on estimates for smaller span and narrower bridges. 

267. I believe this approximate estimate is much too low, and that the 
actual weight of the bridges and consequently the cost, would be at least 40 per 
cent. higher. 

However, as this sreel road-bridge is not recommended, it has not been con­
sidered necessary to take out a detailed design and estimate for it. Mr. Ashford's 
estimate is merely quoted for comparison with the estimate for a masonry struc­
ture. The believed error in the former, if corrected, would only make the com­
parison, already in favour of a masonry superstructure, still more favourable •. 

SECU'ION II. 

The Stability Diagrams. 

268. The graphic method of finding the resultant pressures and the lines 
of forces has been adopted throughout, and the diagrams have been drawn with 
great care and accuracy. 
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SECTION III. 

Weight of lMasonry. 

269. The unit weight of masonry has been varied for the different classes 
of work, and the variation in each case gives the least favourable conditions for 
working. 

270. The weight of the stone kor " B " is about 150 Ibs. per cubic foot. 

The weight of the Kalka" A " stone is about 160 Ibs./c. ft. 

271. To obtain the worst conditions as regards loadlng of arches, it was 
assumed that the heavier stone might have to be used (this is not actually neces­
sary or reco=ended) and the weight of the masonry of arches and spandrils 
was taken as 160 Ibs. 1 c.ft. Actually, if the Aror "B" stone be used, as recom­
mended, the weight of the arches and spandrils will not be more than 15 
Ibs.lc.ft. which will give lower pressures in the arches, than the general calcula­
tions show. (See Case II, Set No. VI.) , 

272. For the pier masonry in which the " B " stone would Cljrtainly be used 
the weight of masonry has been taken -as 150 Ibs. per cubic foot, which is pro­
bably slightly higher than the actual weight will be, but gives the worst possible 
conditions for load on foundations. 

273. For the masonry of the floors, in which the weight is required to resist 
the upward pressure of water, and which will be made of uncoursed rubble masonry 
with a higher proportion of (lime) mortar, the low weight of 140 Ibs. per cubic foot 
has been assumed. Details of the external live and dead loads have already been 
given in section IX a-me, and are clearly shown on the diagrams. 

SECTION IV. 

Intensity of Pressures on sections eccentrically loaded. 

274. The formula used for calculating these stresses IS 

It is similar to that given br Baker on page 6il, mz.-
w 6 wd 

p= -+ ---
e et 

Q Ey 
S= -(1 +--). 

A K" 

but my formula gives a more general result, viz., for any desired point in the sec­
tion ; and the two values, obtained from the solution, give the stresses at equal 
distances" y J' on either side of the centroid, a negative value indicating tension 
and positive values compression, so that if y is taken half the length of the sec­
tion, the equation gives the stresses on both edges. 

Q Ey 
275. In the equation S = -' (1 ± ~-) (see diagram below). 

A K2 

S=The stress at the points considered, i.e., at each extremity of the sec­
tion. 

Q=Tot.al 110rm~1 pressure on t~e sect.wn. 
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A Area of the section=bh 

E=The eccentricity of the load point, i.e., the distance from the latter ro 
the centroid of the section. 

Y =The" distance of the points considered from the centroid of the sec­

tion. 

"K"=(Radius of Gyration)' of the section. 

bh8 

Moment of Inertia of section 12 hi 

Area of section = bh =-
12 

• 276. When the resultant pressure falls on either of the middle third points, 
i.e., one-sixth of the length of section, from its centroid and" y "is half the 
length of the section, the equation simplifies to 

2Q 
S=-

A 
andS=O 

showing that there is no pressure at one edge of the section, and that at the other 
edge, the pressure is double the average pressure over the whol~ section. 

SECTION V. 

List of Calculations. 

277. The following sets of calculations are contained in Appendix L ;-

Stability Calculations for 

A.-BARRAGE. 

DlU.WIXG No. 
SET I Floor of ordinary and scouring sluices 42 

.. II Ordin ary piers longitudinally 48 

.. III Abutment piers, in cross section 49 

.. IV ).butment of Road Bridge 50 

.. V Land Abutments"f Gate Bridge 111 

" 
VI Road Bridge Arch 52 

.. VII Gate Bridge Upetream Arch .. 53 
VIII Gate Bridge Downstream Arch 5~ 

.. IX Reinforced concrete flooring slabs, for Gate Bridge Nil 

.. X "Reinforced concrete beams to carry floor, for Gate Bridge Nil 

.. XI r.ompoUlld steel beam to carry gates, etc., for Gate Bridge 46 



!u XII 
-.. XIII 
.. XIV 

.. XV 
.. XVI 
.. XVII 
.. XVIII 
.. XIX 
.. XX 
.. XXI 

80 

B.-REGULATORS. 

Floor of Regulators 
Ordinary Piers IOllgitudinally 
Abutment Piers in cross section 
Land Abutmenm 
Road Bridge Arch 
Gate Bridge Arehee 
Reinforced concrete flooring slabs for Gate Bridge 
Reinforced concrete beams to carry floor for Gate Bridge 
Steel beams to carry gates, etc., for Gate Bridge 
Connecting wall 

.DRAWING No. 
61 
til) 

M 
88 
m 
87 
Nil 
Nil 
Nil 
111 
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PART V. 

THE GUIDE BANKS. 

SECTION I. 

Downstream Banks. 

278. As the abutments of the barrage are made about 400' from the pre­
sent river banks, out in the river, it is necessary to provide curved guide banks 
downstream, to join to the existing banks and to train the stream issuing from 
barrage openings, to the full section of the river below. 

279. These banks are designed and estimated to be constructed on the pre­
sent river bed at their sites, but as soon as t)J.e cofferdam for constructing the first 
spans of the barrage has been made, silting will colllIllence at its downstream 
side, and it is probable that by the time the guide banks are commenced, the river 
bed at their site will have silted up to low-water level, or nearly so. This would 
effect a large saving in earthwork. . 

280. The banks are designed of sand or earth with a top width of 40' and 
with side slopes of I} to 1 on river side, and 2 to 1 on land side. The river-side 
slope will be protected from scour, as follows. See Drawings Nos. 4 and 60. 

281. Starting from the barrage road-bridge abutment will be a masonry 
wing wall with top at R. L. 210: . This wall is 80' long and at its downstream end 
its top is at R. L. 177' or 2' above pavement level. Behind this wall the earthen 
bank with I} to 1 slope is protected by concrete blocks 5'X3'Xl1' laid on I}' 
of stone pitching up to R. L. 204' O. The remainder of slope to top of banks will 
be covered with 2' of stone pitching only. 

282. Beyond the end of the wing wall, as far as the downstream end of the 
concrete-block fiooring of barrage, the whole river side slope of the guide bank 
from R. L. 204 down to pavement level will be similarly covered with concrete 
blocks, laid on I!, of stone pitching, and above R. L. 204, the remainder of the 
slope will. have 2' of stone pitching only. . 
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283. Beyond the downstream, end "Of the concrete block slope, the whole 
river-side slope of the guide bank, as far as its junction with the river bank, will 
be protected with a 3' covering of hand-packed stone pitching of large size. 

284. At the toe of bank will be laid an apron of large stone, 50' wide, 3' thick 
at the toe of bank, and 5'-8" thick at outer edge. This apron ill designed to fall 
on a slope of II to 1 as the bed scours at its edge, and has sufficient contents to 
pitch a II to 1 slope, with an average thickness of 3', to a depth of 40' below the 
oe of the guide bank. 

285. The tops of the guide banks slope down from R. L. 2I(j at the barrage 
to R. L. 203 where they meet the river bank_ 

SECTION II. 

The Upstream Guide Banks. 

286. The reasons for making guide banks, upstream of the Barrage, are 
threefold. 

First.-To conserve the present regular channel for the river appr~aching 
the barrage. 

Secondly.-To provide for this, channel remaining of the same form, with a 
higher flood level than ever hitherto recorded, i.e., to contain the highest estimated 
flood in the same river channel, leading on to the barrage. 

Thirdly.-To prevent such a high flood from flowing over the natural river 
banks, flooding the country and possibly damaging and breaching the banks of 
the new canals, and perhaps thereby outflanking the Barrage abutments . 

. 287. As regards the first reason, it has already been explained in paragraphs 
45 and 46 ante, that the present channel is a most suitable one, and should be 
conserved. • 

For the same reasons it is desirable to raise the banks so as to contain the 
highest estimated flood in the same channel. 

288. The necessity of the third reason is {)bvious. Apart from the danger' 
of outflanking, it would be most undesirable to allow the land between the towns. 
of Sukkur and Rohri, and the canals, to become flooded. This would not only 
menace the health of the towns, and the large railway co=unities on both banks, 
but it is proposed to utilize much of this land, for the residences of the large staff 
of officers and subordinates to be engaged on the construction. The bungalows 
will be permanent buildings and will be used for district and canal officials after 
the works are completed, so that these areas must be protected against the 
highest estimated flood. 

289. It would be difficult, and as expensive, to protect these areas, without 
protecting the towns of Snkkur and Rohri, as by the proposed arrangements, 
which provide for the complete protection, on the river front, of both towns. 

290. Since the highest estimated flood will be a natural flood, not caused 
by the barrage, (except an afHux of about one foot) the project is not responsible, 
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for any flooding which might occur in the towns, and is 'therefore not really liable­
for providing protection. Government might be justified, therefore, in asking the 
Municipalities to contribute to the cost of such parts of the work, as provide pro­
tection for the towns, but as pointed out, such wor~ also serve the purpose of 
the project. 

SECTION III. 

The General Design of the Guide Banks. 

291. The guide banks have been aligned on regular curves or straight lines 
conforming to the general line of the present river banks. 

They are kept at such distance from the present river edge, that the forming 
of the regnlar curves (or straight line as the case may be) will necessitate in most. 
places a little excavation, or dressing of the existing river-banlr slopes, and in 
some places a little fi.lIing, to form the slopes of the new banks down to the low 
water level. 

292. These river side-,slopes of the new banks will be continuous from low 
water level to the top of the banks, i.e., no berm is left on the river side. This 
not only gives a regular section to the river at all stages, but it economises in the 
land required for the banks, and in stone pitching, since, if berms were provided,. 
it would be necessary to pitch these also, and they would be source of weakness 
with a rapid flood passing over them. 

293. 'The trimming of the river banks to form the side slopes (I).nd the ex­
cavation for the apron at toe-see later) will generally provide almost suflicient 
earth for the formation of the guide bank portion above natural ground level. In 
places where there is a deficiency of earth from this excavation, it will be neces" 
. sary to obtain the balance from borrow pits, if possible, from the river side, or the 
whole bank can be set·back slightly more from the river .edge, to give the required 
quantity of cutting. 

'294. The whole of the river-side slope of the banks will be protected with 
2'-3" of hand-packed stone pitching, of which 2' thickness will be large stone 
laid on 11 inches of quarry chips next the earth. 

295. At the toe of the bank will be laid, at low water level, an apron of large 
size loose stone, 50' wide, and 21' thick at toe of bank, and 6' 4 feet thick at the 
river-side edge. The contents of this apron are suflicient when undercut, to fall 
on a Ii to 1 slope, and pitch it to a thi!lkness of S' for a depth of 40 feet below low 
water le'Vel (assumed at R. L. 186-80 level to which the river may be expected to 
fall every year), i.e., to R. L. 146. 

296. The cross section of the river bed has been measured thrice weekly 
at the outfall section for the past 16 years, and weekly at the barrage section for 
the past 3 years, soundings being taken at intervals of 100' right across the stream. 

From these records it is found that the deepest scour at the outfall section 
was to R. L. 148'0 on 12th August 1914 with average bed level at R. L. 167; and 
at the barrage section was to R. L. 163 on 26th November 1917, with average 
bed at R. L. 179. On the latter date the deepest scour at outfall was to R. L. 
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159 only, or 11' higher than on the previous date. If we assume the same 
.difference in scour at barrage on the .earlier date (observations were not taken 
then) it would give scour to R. L. 163-11=R. L. 152. 

297. But these were the conditions with· the mUural river. When the 
masonry floor of the barrage is constructed, forming an inerodable bar across the 
river, such deep scour could not occur near the barrage, even with greater floods. 
()n the other hand, at the outfall section, the greater floods estimated for, might 
·cause considerably deeper scour than that recorded. 

298. Actually on 12th August 1914 the deepest scour at outfall was 19' lower 
than the average bed level on that date. The estimated average bed level at out­
fall for the assumed greatest flood is R. L. 154'35 (see Appendix E), and if we 
assume that deepest scour might be 20' below average bed lev~l it gives us scour 
to R L. 134'080 that the provision made by the falling apron lor scour down 
to R. L. 146 is insufficient at this point. 

299. On the other hand, the estimated average natural bed level at the up­
stream end of the regula-tors, for greatest assumed flood, is R. L. 169 and owing 
to the effect of the barrage and the protection at the approach channel this must 
remain fairly regular across the stream. If we allow for local scour 10' below the 
average bed level, it gives us R. L. 159, so that the apron provision for scour to 
R. L. 146 is excessive. 

300. For simplicity in estimating, a constant apron width has been assumed, 
but in construction, this width would be varied as further investigations show to 
be desitable, the width being greater than 50' at the upstream ends of guide bank 
where the river is narrower and deeper, and less than 50'near the barrage where 
the stream is wider and shallower. The constant width of apron adopted in the 
-estimates is considered to give ample contents to provide for such suitable -varia­
tion in the actual width to be laid. 

301. The top of the guide banks has been kept at 2' above the estimated 
highest flood level, or from 4' to 5' above the highest recorded flood level. The 
Indus River Commission Rule for height of river bunds is to allow 4' free board 
above the highest recorded flood level. 

302. The width of the top of the banks is made 25' to allow for a double 
track roadway along it, and for security. 

The back slope of the banks will be made 2 to 1. 

A strip of land about 50' wide will be reserved behind the banks to provide 
I!ltacking ground for a reserve of stone, if considered necessary. 

303. It is considered that all these provisions allow for the maximum ex­
penditure likely to be required, and it is possible in view of the stable nature of 
the present river banks, that it may be considered safe and desirable to provide 
less protection than that now recommended and estimated for. 
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SECl'ION, IV. 

Details of Left auide Banks. 

304. Starting from the upStream end of the regulatOrs, the guide bank is 
made of the design described above, and runs upstream, -in a straight line for a 
.distance of 3,600'. From this point the bank is curved in plan to a radius of 20,00(f. 
for a further length of 5,500'. 

305. At this point and for some distance upstream, the river bank is already 
protected with stone pitching, laid many years ago by the Railway authorities, 
to protect the landing places of their ferry steamers. This existing pitching hal! 
8 slope of Ii. to 1 and is in excellent order. It extends in bands, at intervals, for 
several humlreds of feet, and at all points above this, although the water, is very 
broken, there is no sign of erosion to the river banks, while at several places there 
Me outcrops of high rock. It appears, therefore, that ,the river bed or the lower" 
levels of the banks are in rock, and it is not proposed to provjde a faIling apron,in 
these lengths, nor to pitch the river banks below natural ground level. 

306. From "the end of the 20,000' curve mentioned above, the guid~ ,bank­
"WiII be set back from the river edge leaving a berm of varying width along the 
river. The centre of the baDk will be about 40' from the edge of the high bank of 
the riverj and for the remainder of its length will be quite a low bank, built above 
the natural ground to serve as a retaining bank for,the estimated highest flood:' 

307. It will have II; top width of 25' and slopes of I} to 1 and 2 to 1 on the 
river and land sides respectively. 

The river-side slope will be protected from wave wash by stone pitching-I} 
feet thick from its top to ground level. 

308. The following are details of this portion, of the bank from the end Of" 
:20,000' curve to the upstream end:-

Feet. -

(a) A curve of 9,000' radius for a lengtb of 1,600 

(b) " 
1,500' " 

400 

(c) " 
1,000' " 

1,000 ' 

(d) " 
500' " 

250 

(e) " 
100' n 150 

(j) " 
1,200' " 

550 

At this point the bank'joins the high rocky bluff of Satyun-jo­
Astan, which forms a natural barrier far above the 
highest floods. 

(g) A curve of 600' radius for a length of 700 feet. 

This is the last length of the bank, and it closes the gap between the Satyun­
jo-Astan hill and the similar hill on which the abutment of the Rohri 
Cantilever Bridge ~ founded, and beyond which, the whole of the 
town of Rohri is built on high rock far above flood level. 



309. The coll.8truction of this 'b~nk will completely protect all land between 
the town of Rohri and ~hE! ,PfQl'0.2~d.n:e~ herua ~o ~he Eastern Nara, which would 
otherwise be flooded by the estimated ,highest flood level. 
... '. -i- 's,· . .. . . . - ~ " ". .. '. ~ . ." : 

SECTIONV. ' - ':. 

Details of Right Guide Bank ari~ Bunder Wall, 
,r 310", Starting from the upstream ,end of the regulator~, ,this bank runs up­
stream, .on a curve of 12,000' radius, for a. distance of 4,050 feet, at which point, 
itmeeta the end of the existing masonry Bunder wall .. The design of this bank.' 
~lu:oughout its'limgth, is asdeseribed abovem paragrap1,ls291 t~303. .' 

... 311. Behind the existing Bunde~ wan is the main bundE)r Or roadway whi~li: 
is level with the door-cills of the houSes built along it. These houses extend ~ 
right to the end of the existing Bunder so that- it is '.!lot possible to raise the ~ 
level of the toad l'la y. . , 

312. The Bunder wall itself, however, can be conveniently heighte~d with 
- I _. _ ' . 

a heavy' masonry parapet, and lIhe top of this parapet will be kept in Me With the 
wp of,the guide bank, i.e., 2 feet above the highest estimated flood level.' .. .. . -, 

, . At thilYpoint the top af the parapet wall will be R. L. 202'1, while the present 
roadway is' about R. L. 199. ' , 

'. 313. To give connection between the roadways on the Bundet and 'on the 
guide bank, it is proposed to e~tend the Bunder wall about 100' downstream' . 
c~ed ,inwards to meet the top of the guide bank, and built up to the full height 
of the latter at the point of junction. Inside the new piece of wall the roadway 
will be formed with a gradient of about 1 iII 30 sloping down from the top of guide 
bank to meet the existing road along the ~under wall. ' 

This will give a through road connection between the toWn of Sukkut and the -
barrage, and across the ,latter, to Rohri, Khairpur and the surrounding country. 

314. The proposed flood protection for the town of Sukkur conSists of a 
heavy masonry parapet wall, with top 2' above the highest flood level, built along 
the river eage of the existing Bunder wall. 

315. This parapet will have an a~erage height of about 3 feet, and a top 
width of 2' -0", with a stepped back battering 1 in 4" and a vertical face to the 
river. The top of the wall will be sloped off 4 inches towards the river side, and 
the top edges on both sides well rounded to prevent cutting the ropes of boats 
tied up alongside. _ 

:ua. This parapet wall will be continuous for a distance of about 8,400' 
until it meets the existing high level parapet, well above Hood level, about 000' 
downstream of the Lansdowne Bri~. 

317. Where there aTe existing river-side steps, or slopes for access to the 
water, gaps will be left in the parapet ,i,an. At these gaps will be pr!>vided stout 
masonry abutment pillars fot the parapet, on either side, and in each abutment 
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pillar will be left a groove, to take removable timber baulka for closing the gaps 
at times of high flood. -

The baulks when not in use will be kept in similar grooves formed in the back 
of the parapet wall, so that they are always available when needed . 

. 318. This parapet wall, with the guide bank, provides complete protection 
against the highest estimated floods, to the whole town of Sukkur and to the 
suburb of Adamshah, as well as to all land between the town and the new canals, 
which will include the site of the construction staff quarters and all works yam. 
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, PART VI. 

METHODS OF CONSTRUCTION. 

A.-The Floor and Underwater portions of' Barrage 
and Regulators. 

SECTION I. 

GENERAL. 

The Season's Work. 

319. As explained in detail, in the following sections, the barrage and regu­
lator floors will be constructed in the dry, inside large cofferdams. 

As large an area will he und~rtaken each year, as can be completed during 
the working season. 

Plan No. 71 shows the disposition of the various cofferdams for each season'~ 
work. 

320. The heaviest year's' work will be in the seco,nd season, and this will 
absorb all the labour which is estimated to be readily avanable. It will be seen 
that work in the~barrage is confined to one cofferdam, near the Right Bank, in 
this year. 

Even if it:were;possible to obtain more labour, and if extra plant were provid­
ed, still it would not be possible to make another similar cofferdam, near the 
Left Bank, in that year, as the unobstructed waterway between the cofferdams 
and through the completed portion of the barrage 'floor, would be insufficient' to 
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pass the possible river discharge at a reasonable velocity. With such a restricted 
waterway the velocity might rise to as much as 8 or 9 feet per second which would 
cause dangerous scour in the river bed at the ends of the cofferdams. 

321. It is assumed that the completed cofferdams may be in site from the 
15th October to 15th Ap'ril (after,the latter date they will be in course of removal) 
and during that period the river discharge sometiules rises as Mgh as 313,000 
cusecs with water surface at R. L. 192. With the arrangements of cofferdams 
shown, such a. discharge could always be passed through the available 
waterway with a velocity not exceeding 6 feet per second and without scouring 
the natural bed between the cofferdams below R. L. 170'0. Protection of loose 
etone pitching will be thrown on the river bed outside the end of the cofferdam, 
to prevent scour along it and to form a falling. apron which will pitch the sand 
slope down to the scoured bed level. It will be noticed also that· in the second 
year, the regulator floors on each bank will be completed, as well as that year's 
portion of the barrage, i.e., there are three· cofferdams that year. 

322. Some saving in. phint could be effected by completing the regulators 
on one bank only in that year and doing those on the other bank in the following 
year, but it appears to be desirable to complete these regulators as early as possi­
ble, so thaAi guide banks can be completed, and the abutments of the barrage can 
be fully protected, and also in order to keep the working arrangements on each 
bank continuously employed. 

323. The quantity of temporary 40' piling used in the cofferdams walls ia 
a maximum in the second year's work, and all this has to be purchased for this 
purpose only. It will of course have a,good salvage value when done with. 

324. The other temporary piling is that required for the pumping trenches. 
Sufficient special piling is provided to make these trenches in the fourth year's 
cofferdam, which is fairly small. This quantity will be available for use in the 
previous seasons, but in those seasons a much larger quantity is required. The 
balance required in first, second and third years is available from the permanent 
piling to be used in the second, third and fourth years, respectively. 

325. Hence the only temporary piling to be purchased is-

(a) Sufficient to make the walls o~ the cofferdams in the second year's work. 

(b) Sufficient to make one side of the pumping trench in the fourth season's 
work. 

(c) Sufficient to construct the wharves. 

Much of this piling will be of the greatest value for use as temporary girders, stag­
ing, etc., during the flood season and after completion of the whole floor, when 
the work on superstructure is ill progress. 

SECTION II. 

Construction of Cofferdams. 

326. The cofferdams in which the construction of the barrage and regula­
tors f~llndations will be made will consist of a single line of interlocking steel 
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piling 40' long and driven about 27' into the river bed, leaving 13' above bed leveL 
The maximum water level at which pumping will be necessary is R. L. 190 or 
about 8' above the bed level. 

327. The steel piling will completely enclose a great area of river bed and 
will be supported on the inside by a slope of sand resting against the piling up ro 
water level. To sufficiently reduce the pressure of seepage water flowing into the 
pumping trenches in the interior of the cofferdams it is necessary to keep the walls 

, of the cofferdam not less than 165' from the pumping trench. This 165' leaves 
room for a 50' berm and a bank of sand with a _ slope of 1 in 8, inside the 
cofferdam walls. It is proposed to form this bank by the discharge of a dredger 
which will excavate the sand and silt, at the centre of cofferdam, down to the 
req~red foundation level. It is proposed to keep the outlet of the discharge 
pipe just below the surface of the water and to baffie the issuing water and sand 
in a cup-shaped baffie plate suspended below the outlet. 

328. ' The shape of this baffie cup will be such that water will islue over its 
lip horizontally or slightly 'upwards and the perimeter of its lip will be such that 
the velocity of discharge over it will be quite low. Thus the sand and water will 

, flow out gently on all sides just below the water surface in the cofferdams; and 
at a short distance from the outlet the sand will have lost its horizontal velocity 

'and be free to settle vertically by gravity. 

329. It is expected that by ihis arrangement .the sand, which will be' 
discharged, as described, all along the inside of the wall of cofferdam, will settle' 

, doW]l to form a sloping bank having the natural angle of slope of this 'Sand in 
water; or as there will be some disturbance of the wa1;er it may take a somewhat 
flatter slope. 

Small experiments have been made by pouring samples of the various kinds 
of sand and silt, found at the site, into a tank of still water. It is found that these 
settle down to slopes varying from 1 in 3 to 1 in 6 when the water is agitated, 
and' that the water can be roughly withdrawn without the flatter .lope being 
exceeded. There seems no reason to doubt, therefore, that the slope of 1 in 8, 
the steepest allowed for in the cofferdams can be easily attained by the method 
proposed. 

330. The proposed method of excavating in the cofferdams, and forming 
the sand slopes, by means of a dredger, is the only practicable method of perform­
ing these operations. Dredging and bank formation can start as soon as a fair 
length of the cofferdam piling has been driven and this will continue simultaneously 
with t,he pile driving, thereby lessening the time taken before the completed 
cofferdam is ready for laying masonry. 

The piling walls of the cofferdam depend for support, above bed level, on this 
sand slope, so that it would not be possible to pump out the cofferdam until the 
slopes are made. Hence they must be deposited in the water and as the whole 
river bed outside -and inside the cofferdam is under several feet of water, the sand 
for slopes must either be obtained by dredging or brought by boat from the shore. 
The latt.er method ,is impossible owing to the enormous' quantities required. 
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.33!. Assuming for the moment that it would be possible to safely unwater 
the maide of cofferdam, before the sand slopes were made the d't' ld 
b h b I 

. , con I 1On.~ wou e as s own e ow. 

T tt v 190 

YE.\. 'R.1.-182 

There would be a head of 8' of water to pass down the outside and up-the 
inside of piling. Assuming loss of head in travel through sand as 1 foot of head 
for every 10 feet of travel; then as water has to travel from R. L. 182 to 155 and 

2X27 
back to 182 (along the piling) the oss of head would be --- =5' 4' and the 

10 ' 
balance of .head oil the inside of piling would be 2' 6' Df free head. This would 
create a great velocity and would certainly blowout the sand, but even if it 
did not do so, the discharge would be so great that the cost of pumping would 
be enormous. Hence excavation and formation of banks by dredger is the oilly 
method to adopt. 

332. All pile drivers will be mounted on pontoons and will be electrically 
()perated. The pile-driver will consist of an electric "ha=er" in which the 
weight of the driving mechanism rests on the pile itself, after the latter is pitched, 
~nd the striking weight will be lifted and dropped automatically by electric power, 
giving a high frequency of blows, as in the case of steam piling haminers. Such 
an apparatus gives better results in'driving through sand, than the slow heavy 
monkeys, raised by winches, of the older type of pile-driver. Even if winch-lifted 
monkeys were used, it would be cheaper and more convenient to use electric 
winches than steam. 

The great advantage of the high speed hammer type appears to be that the 
blows are so frequent that they keep the sand in a state of vibration during which 
it is far easier to drive a pile through it than when the sand is at rest. 

333. All pile drivers of whatever type used should be fitted with driving 
frames and leads for lifting and pitching the piles and for guiding them during 
driving. Each frame will be fitted with an electric winch for lifting and pitching 
the piles. It is possible that two or more pile drivers may be fitted at intervals 
on the same pontoon, spaced so that the distance between their piles will be 
exactly filled by a certain number. of piles and interlocking pieces, but details will 
have to be very carefully elaborated to make such an arrangement successful. 
It would have the great advantage of .enabling thq speed of work on any given 
line of piles to be double or treble what it would otherwise be with only one pile 
driver working on the line and speed is essential on this work. The attached 
five sketches of a cofferdam explain the proposed method of operation. See also 
Drawing No. 71. 
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THE FIRST STAGE OF OPERATIONS. 

334. Driving of the two outer lines of piling, i e., the walls of the eofierdam 
will be started. AB soon as these have progressed some distanee-say 300'-the 
dredger will go out into the. river, well out of the way of the pile drivers, and will 
commence dredging at any convenient place in the river bed. She will discharge 
the dredged material astern through her floating pipe line and deposit it against 
the inside of the sheetpiling, first at the end, then at one side and then at the other 
to form the sand slopes in this first portion of the cofierdam. In themeantime 
pile driving has proceeded. 

THE SECOND STAGE OF OPERATIONS. 

335. When the banks have been formed for a length of 200 feet to 300' on 
either side, the dredger will come into the cofierdam arid start dredging the foun­
dation bed in a width of about 200' and to about R. L. 173 at the outer edges of 
cut to R. L. 170 at centre of cut. She will deposit the spoil from this excava­
tion, astern, to one side or the other, to continue the formation of the sand slopes 
inside the cofierdam walls. 

THE THIRD STAGE OF OPERATIONS . 

.336. AB soon as the dredger has dredged the foundation trench for a length 
of 100' or so, further floating pile drivers will be brought into the cofierdam, and 
will commence driving the .rows of permanent sheet piling and the temporary 
sheet piling for the pumping trench. There will be six lines of this piling right 
along the barrage. 

The lengths of these piles are as follows :- . 
(1) and (6) Outer walls of pumping trench (temporary piling) 20' long. 
(2) and (5) Inner walls of pumping trench (permanent piling under masonry 

aprons upstream and downstream) 14' long. 
(3) Upstream line of piling under central floor (permanent) length 22'. 
(4) Downstream line of piling under central floor (permanent) length 14' • 

. 337. The dredged bed of cofierdam is now at R. L. 173 and the water level 
(to take the worst case) may be about R. L. 190, i.e., there is 17' of water over the 
ped. Three of the lines of piling are only 14' long, so that these will have to be 
pitched and driven under water. 

When starting these lines, a long pile and locking section say 40' long will 
first be driven about 12' into the bed to act as a guide. If necessary- further tem­
porary piles (to be afterwards withdrawn) can be driven at mtervals and 
walings bolted to them by divers near. bed level to act as further guides for pit­
ching and driving the permanent piles. 

33S. With these interlocking piles, however, each pile driven acts as a guide 
for the next one and in consistent sand there should be no difficulty in pitching 

. and driving piles to true alignment. . Driving in such sand is very easy, especially 
with fast light blows, and when the short pile has been correctly pitched w:th its 
locking piece, a length of ordinary pile and locking piece, rivetted together and 
stifiened with angles rivetted to the web, will be stood on the pile to be driven, 
and used as a driving piece. The lower end of this driving section will be fitted 
with a cast steel driving head, about a foot deep, which will fit over the top of 
the pile to be driven, in such a way that the driving piece must remain central 
with the pile to be driven, but will not come in the way of the piles already driven 
when the pile to be driven has reached its final position. Thl! driving piece can 
then l:Je simply lifted ofi the driven pile and put on the next pile to be driven. 

339. In the unlikely event of the driving piece jumping ofi the pile to be 
driven (it would have to jump about a foot to get clear) it would have to be re­
placed by a diver .. But for this cofferdam work, divers will be constantly needed, 
and will be comparatively inexpensive. For work a few feet below the surface 
it is probable that local labour will become quite proficient without diving appa-

'ratus but the latter is in any case provided. . . 
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340. It is essential to get this pilin.g driven in the water to save both time 
and expense. If it were left until the cofferdam was closed, there would be a 
long delay before masonry could be started and the cost of pumping, while the 
piling was being driven, would be very great. By the method suggested above 
all pilin.g can be completed without any pumping, and at the same time that the 
construction of the cofferdam is in progress. Moreover it enables the dredging 
of the deep central trench to be carried out also, under water, i.e., without pump­
ing. The pilin.g is necessary to support the sides of the trench, which would other-
wise fall in and be removed by the dredger. . 

THE FOURTH STAGE OF OPERATIONS. 

341. The dredger has completed the excavation of the foundation trench 
to a width of 200 feet down to R. L. 173 and has at the same time formed the side 
slopes nearly to the end of the cofferdam. The outside pile drivers have completed 
the side of the cofferdam, and driving the end pilin.g, while the interior pile 
drivers have driven the greater part of the permanent lines of piling and the 
pumping trench piling. At this stage the dredger returns to the beginning of the 
cofierdam and dredges between the two centre rows of permanent pilin.g down 
to about R. L. 166 in a width of 70 feet. This is for the foundation of the 
central block of barragll floor (founded at R. L. 165). About 1 foot of excavation 
will be left to be done by hand, after unwatering in order to dress the bed level, as 
the dredger will leave it irregular. The spoil from this dredging will be discharged 
either into the river, or inside the cofferdam to continue the sand slopes at the far 
end. While this is in progress the pile drivers will be completing the work inside 
the cofferdam, and the end wall of the cofferdam will be almost completed, leaving 
only a gap sufficient for removing the dredger and the pile driving plant, and for 
taking in the floating units of pumping plant .. 

FINAL STAGE OF OPERATIONS. 

342. When all interior pile driving has been completed and the dredger has 
finished the central trench, the dredger will come out into the river, most <if the 
Hoating pile drivers will be withdrawn, the floating pumping plants will be taken 
inside the cofferdam, and the end of the latter will then be closed. 

The dredger will complete the end sand slope by pumping spoil, from the river 
bed, over the top of the cofferdam. 

343. All pumps can then start work on unwatering the cofferdam. As the 
water level falls the levels of tops of all interior piling will be checked, and if ne~­
sary any of these can be further driven in the shallower water by the floating 
pile drivers left in the cofferdam. The two central lines of piling will need some 
further driving to their correct :evels., As soon as all are satisfactory, the pile 
drivers will be shifted to one side out of the way and their pontoons allowed to 
settle on to the sand as the water is pumped out. 

At the same time the level of the sand can be checked in the trenches and if 
liuge quantities of excavation are necessary at places, one of the pumping plant 
could probably be used to dredge this out (or a special pumping set might be taken 
in for this purpose). 

The floating pumping plants have in the meantime been moored in their 
final positions and will similarly ~ettle on the slInd beside the sumps leading from 
pumping trenches. 

344. As soon as the bed is exposed, labour will be put in to deepen the pump­
ing trenches and to cover the sand therein with ballast to prevent it blowing. . 

Pumping will then be continued to lower the water down. to R. L. 165, the 
whole foundation area will be dre~sed by hand and masonry work started. At 
least two shifts of 8 hours each should be worked, and if possible day and night 
work be done, until all work iu cofferdams is completed. Pumping mUt!t of course 
llontinuc day and night in any case. 
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SECTION III. 

Excavation in Cofferdams. 

345. Owing to the continual changes which take. place ill the bed of the river 
.jt is impossible to say with any accuracy what the bed level will be at the site of 
,any particular cofierdam, for constructing a portion of the barrage, at the time 
the cofierdam will be made. 

The best approximate method of estimating the excavation would appear 
1:0 be to take ,the average bed level of the river at the period of the year when the 
,cofferdaxns will be closed, and to assume this level in every cofierdam. Where 
this errs, what is lost ill one cofierdam will be gained in another. The construc­
tion of the cofierdams is assumed to start in mid September and to be completed 
about mid October. We shall therefore take the average bed level during October 
.of past years, to represent the surface of the sand in each cofierdam, when excava­
tion starts. 

, , 

3406. Observations for bed levels in October at barrage are available for 
1917 and 1918 and they show that in that month the a.verage bed level was R. L. 
181'68 (see statement below). R. L. 182'0 lias therefore been adopted as ',the 
average level below which excavation has to be made in each cofferdam. 

347. The areas enclqsedby cofterdaxns of different years will overlap partly. 
hut full excavation in each is estimated for, as silting to average bed level may 
,occur over the end of previous year's work. The quantity of excavated sand 
will be far more than sUfficient to form the interior sand slopes in the cofferdams 
,and any surplus will be deposited outside the cofferdam, where it will assist in 
supporting the piling and in reducing the seepage below the piling. The method 
,of eJ:cav&tion and of forming the interior slopes of sand is described in Section II 
.. GHte. 

For details of cost of dredging, see Part VIII, Section XIV. 

348. Sf4tement 3howtng average bed level of river at Barrage W4l in October. 

.Area below t.ength . Average 
Average 

datum. of water- • bed level= 
for ..,--

Average 200; aver-way: depth. age depth. October. 

2nd October 1917 •• .. 100,958 1l,600 18'03 181 '97 
1181'56 

9th 

9th 

16th 

.26th 

.. .. .. .. 105,644 1l,600 

.. 1918 .. .. 100,449 1S,600 

, . . .. 102.445 1>,600 .. " .. .. .. .. 102,757 5,600 

Therefore average bed Jevel for October 1917 

II u It n II U 1918 

• 

18'86 ,181'14 J 

17'94 

18'29 

18'34 

... . .. .. . .. 

18206 1 
181'71 

f 181'66 ) 

181' 56 
lS1" 8), 

Therefore average bed level for Octob~r = 181 . 685 

181'81 



• SECTION - IV. 

, PUrt.ping"in Cofferd:ams. 

349. It is proposed to collect the bulk of the seepage water' Howing into­
cofferdams in a pumping treneh to be formed by sheet piling all round the out.­
!lide of the area to be covered by 'masonry; See D:rawing No; 71. . The object and 
effect of this trench is explained below. The sketch below-shows a typical eros&­
section of a river cofferdam. The pumping trench, will be, continued r01llld the' 
ends' alSo. " " ' , 

, ' 
I D 

, 2 __ =..:.".:.·:-i~ ,,' 

'SS 
I~I· ISS 

" . 
. ,;. . -

. 350. It is assumed that, pile driving commences on 15th September, but 
that the cofferdams will not be closed till 15th October, or later, and that pwnping' 
Will cease not later than the end of March', in order to allow ample time for reniova~ 
of cofferdams before the Hoods come~ . 

'. - . 

During that period ~he gauge reading on Bukkur will not exceed 7 feet 
which is equivalent to a water level of Jt. L. 190 at the barrage. 

During the tlln years, ,1909-19~9, the highest average gauge reading during 
any ·of these months was 4' 3 in November 1914, and only once for a period of 
ten days·in MarCh 1911 did the river exceed 7 feet during those months" It is. 
possible that if such a ~ver level occurred during construction; it would ,be­
necessary to stop work fOl: those, days and allow the water to .rise a few feet in, 
the cofferdam .in order to prevent blowing. 

Appendix J shows the average and maximum gauge readings for the past 
ten years and how safe is the assumption of 7 feeL during this period. It is­
proposed therefore to estimate the pumping conditions with water level 190'0 in 
the river. It is proposed to pump out of the pumping trenches at R. L. 169 ... 
Therefore the maximum head is 21 fElet.' One way of coilsidering this problem 
is as follows. . 

351. Mr. Beale states _ on page ,66 of his 1909 report (Volume IV) that the­

"Resistance to How in sand may be fa.ken.~ a loss, of head of 
one foot in 10 feet of travel." 

Adopting this figure we require a length of creep or travel of 21' X 10' = 210; in 
order to reduce the pressure to nil at point of exit in the pumping trenches. 

The bottom of the sheet piling is at R. L. 155 and the natural river bed out-· 
side is at 182'0, so that there is 27 feet of travel down the outside of piling, and 
the loss of head is 2'7 feet. Hence water will not rise at the inside of piling 
above R. 'L. 187'3. .. 

352. The direct distance from the coffetdam wall of the pumping trench is 
165 feet 80 the loS!! of head in this distance is 16' 5 feet. Adding to this the 2' 7 
feet loss in passing under cofferdam piling. gives 'a total loss of 19' 2 feet to­
this point. Therefore water level on outside of pumping trench will be R. L,.. 

(190-19'2;=170"8. 



. . The bottom of ~he t~nch pi@g will beat .:&,L. 155l and the surface .Qf the 
Band il). ~\! trench at R. L. 168, 80 tpat 1;0 ~JP.erge from'the sand the water has to 

~ travel a. '~hei: 16 feet down and 'up thetrencho Piling, losing a nirtheJ: l' .ft. feet 
of liead, 'eo t!tat if water is kept' down to R. L. i 69 in the trenches' practically 
all head of preSsure Will be lost by the tune the water reaches them. , 

. . '.. .. . 

. .' a53 These pumping trenches Will completely surround the area of the foun­
dation masonry, so that the ,greatest head of pressure on the enclosed area is that 
due to the free surface of water in the pumping trenches, i.e., R. L. 169. The bed 
level of the upstream aproh is at R. L. 1"72, i.e.; above the water level in pumping 
trenches. The central block of masonry floor is· founded at R. L. 165~ To reach 
this, water has to P!l8S down the inside of'pumping trench piling - 7 feet and 
for 35 feet through sand to the upstream edge of the excavation, i.e., the travel 
is 42 feet and the loss of head 4'2, so that water could flow at R. L. 164'8 
only, 'which is lower than .the bottom of the'excavation. At a distance of 5 feet· 
beyond this point there is the deep curtain of permanent sheet piling and this 
will effectually prevent the flow of water to any pomt beyond it eX«lpt at a­
much lower leV'el. It is considered, therefore, that when the' central area has­
once been emptied of water to R. L. 165, the pumping of. water to. R. L. 169 
in the pumping trenches Willkeep the central area dry. Provision could b~ 

made however for small portable .el~ctric pumping sets to remove water i.J;i .tP~ 
first instance from occasional sumps in the central area. Should it be found, 
however, that water stands in the central excavation it will only be necessary te> 
make. short connecting trenches from this central area to the pumping trenches 
and to lower the water in these tq R. L. 165 by pumping. 

354. The calculations for seepage, which follow, are based on another method 
of considering flow through sand, and on the assumption that water is lowered to' 
R. L. 165, and these represent the worst possible conditions. 

355. The heavy main pumping p!ant will be all located outside the pumping 
trenches, i.e., clear of the area of masonry and therefore not an obstacle to 
work. 

It is proposed to fix the main pumps, which will be electrically driven, on 
light wooden or steel pontoons; as many units as considered aesirable being fixed 
on each pontoon. Each pontoon Will then be a self-contained .pumping plant. 
requiring only a cable connection to the electric power mains to set it in motion. 
The weight of an S" centrifugal pump with motor attached would not be more than. 
about II tons complete so that if 4 of these were fix,ed on one pontoon the total 
weight of latter need not exceed about 15 torie. A similar pontoon could support 
2 or 3 10' pumps if found more suitable. It is proposed to float these 'pontoons 
into the cofferdams and to let them sink with the water as they pump out the en­
closure, until finally they will rest on tiIilbers laid on the sand at the positions 
desired, and outside the pumping trenches. When the masonry has been com­
pleted and it ~ desired to excavate for, and lay the stone pitching undemeatn 
the pontoons, the latter can be easily j!1oCked up and rolled along to an adjacent 
portion already completed, with hardly any interruption to ·pumping. When 
the work in cofferdams is completed and pumping stops, the whole plant will floa~ 
on the rising water and will finally be towed away, ready at once for other work. 
as Boon as the cofferdam is opened." . . 
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'356. A further great advantage of this -arrangement is that an plant can be 
made ready for work, at the river bank; it can be easily nauled to, ana held in, , 
the exact position required, and with one electric connection can be started up 
·at a moment's notice. Moreover, in the event of an accident in the cofferdam, 
the pumping plant is not disabled by 1l0oding-a very great advantage. 

The pumps will discharge into high level open troughs carried on light trestles 
and draining over the cofierdam wall into the river. 

THE QUANTITY OF SEEPAGE WATER PLOWING INTO COFFERDAMS. 

357. This is an extremely difficult and uncertain matter to estimate, but it 
.:is necessary to make some approximation of the quantity for estimating the 
pumping capacity to be provided. 

THE JAMRAO HEADWORK&. 

358. ~rtain details are available .of pumping under somewhat similar COD­

ditions during the Jamrao Weir constntction,~and these will be investigated below. 

Here enclosures of cofferdams were formed by the construction of banks of 
Mnd round the area to be drained. The sketch below shows a typical cross sec-
1;ion of one such enclosure. (Given by Mr. Gebbie.) 

It will be seen that the sand took an interior slope of 12 to 1, but this was pro­
bably due to water trickling down the face of the sana, there being nothing to 
prevent water percolating direct to the face of the slope. 

359. Mr. Hill states on page 1, Volume IV, 1910 Report on Sukkur 

Barrage~ as follows :-

., At the Jamrao Weir, a large area of work had to be founded 8 to 10 feet 
below water in fine sand, much cleaner, and through which water 
flows more freely than through the silts in the river bed at Sukkur . 

. Depths of 8 to 10 feet below water for areas of 3,000 to 5,000 square 
feet were easily pumped out, one engine of 12 H. P. being sufficient 
to keep down the water, but two being necessary to ensure constant 
running. In this case the bed of the foundation was sand. Work 
was carried on at three places at once with four engines." 

360. Mr. Gebbie states that the pumps were 8' centrifuga1e. with 9" delivery 
alld suction pipes. The discharge of such pumps, if run at correct speeds for their . 
lift, should be about 3 cusecs,but a slight variation of speed or head has a very 
great effect on the discharge, and as it is believed that expert mechanical engi­
heers were not available to ensure correct speeds, the discharge of pumps may 
easily have been much less than the possible full discharge. 
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CLASSIFICATION OF THE SAND. 

361. No specimen of the sand at this level is now available with me,'but 
• following Mr. Hill's remarks that it is a fine sand, much cleaner than the silts in 

river bed at Sukkur, I have selected a sample of very clean river sand from Sukkur 
(there are patches of such on the katchas in river). This is probably the same 
sand as at the Jamrao, as the latter must have come from the river. This sand 
although the coarsest at Sukkur, is still extremely fine, and may be classified as 
of "Effective Size" (see Hazen's rule) of O' 20 millimetres, i.e., 10 per cent. of 

( 1 . 
the sand is finer than O' 20' millimetres ~ -- th of an inch). 

l 125 -
362. The weight of this sand when dry is 91'11 lbs. cubic foot and when 

saturated with water is 125 lbs. cubic foot.· Hence the percentage of voids or 
" porosity" of the sand is 38 per cent. 

363. Slichter's Formula (see Buckley's Irrigation Pocket Book, page 324) 
is---

1 h 1· 1 V=16272Xd"x-x- 1+'0187 (t--32) r 
k c· J 

The mean temperature of the water at Sukkur in October is 77° and may be 
taken the same at the ;ramrao. 

Hence 1+'0187 (t--32)=I+·0187X45=1·87. 
d=' 2 millimetre. d"=' 04. 
1 
- for 38 per cent. porosity=·04154. 
k 

364. Assuming that the water Bows in films through the sand on the lines 
{)f least resistance, i.e., in concentric semi-circular paths from the river bed outside 
the cofferdam, as shown above, then these paths will meet at the centre of the 
<lofferdam. The full area through which water can Bow is that enclosed by the 
outermost semicircle whose radius is 1501

• 

The mean distance of travel for the films is themean length of the semi-

0+'" X 150 
<lircular paths, '.e., ----- = 236' 

The head is 101
• 2 

h 10 
- = -= '0424 
c 236 

... V=16272X '04x '04154X '0424XI'87 
=2'15 cubic feet per 24 hours. 

365. The discharging area. will have the full width of 150' along the whole 
perimeter of the cofferdam, thus:-
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But the discharges from the two directions at ends of cofferdam intercept below 
the bed, so we need only take the full length of two eides. 

This will be 350' X 2=700'. 

Hence the total seepage into cofferdal1l will be 700' X 150' X 2' 15 cubic feet 
per 24 hours. 

700X150x2'15 
-cusecs. 

3600X24 
=2' 61 cusecs. 

As against an actual inflow which conld be dealt with by one S" pump whose 
nominal discharge is about 3 cusecs. This method of calculation therefore gives 
a fairly close approximation to the' actual. 

THE BARRAGE COFFERDAMS. 

366. Adopting the same method pf calculation for these cofferdams, we have 
,the conditions shown below. Here we neglect the beneficial effect of all interior 
rows of sheet piling, and we assume that all sand is of the same clean and 
comparatively coarse nature as the sample assumed to represent the Jamrao 
sand. (Actually most of our sand is much finer, and much less porons than this 
clean sample, 80 that we might reasonably assume that the discharge would be 
les9 than these calculations'will show.) 
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367. The half-width of the cofferdam is 270' and the depth of the outer 
sheet piling is 27' below the bed level so that the area of percolation is a~strip (270 
-27')=243' deep or wide along the full length of both sides of the cofferdam. 
(As before, the ends can be neglected as their percolation areas overlap the side 
percolation areas.) The lowest point of the foundations is at R. L. 165 and the 
water level outside cofferdam is R. L. 190. Hence head is 25'. 

The mean length of percolation line for all films is the mean length of the 
. concentric semi-circular paths, i.e.:--

'II" 

(270+27) 

2 
h 25 

=466 

.'. -- =-- = '0537 
c 466 

.'. V = 16272X'04X ·04154X·0537Xl·S7. 
= 2' 715 feet per 24 hours . 

. Therefore the discharge per 100' run of the sides of the cofferdam will be 
IOOX243X2'715 cubic feet per 24 hours. 

24300X2'715 
-- ----- cusecs. 

3600X24 
= . 764 cusecs 
or per foot run . 00764 cusecs. 

36S. In the 2nd and 3rd year cofferdams. (the largest) the total length of 
two sides will be2Xl,570=3,140 running feet • 

... Discharge into each cofferdam will be 3,140 X '00764 cusecs. 
= 24 cusecs. 

This negleots all advantage due to the rows -of interior piliog, and to the fact 
that the actual sand will be less porous than that assumed. 

It also neglects any reduction of head, which will be caused by any sand 
slope formed on the outer, or river side of the cofferda.ms. As there will be much 
surplus spoil from the excavation (in addition to the qua.ntity required for 
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the interior slop.es) and all this can be deposited outside the cofferdams where it 
will be further increased by silting, the reduction of head will probably be very 
considerable. . 

PUMPING IN CoFFERDAMS. , 

369. Length of percolation areas along sides of cofferdams. 

1st year's River Oofferdam Right Bank. 

Upstream end 
River side 
Upstream prpjection 
Downstream end 

400 

430+600 
420 

1,000 

Overlap 
!1llowance. 
-150 - 250' 

= 1,030' 
-150 = 270' 

= 1,000' 

Total .. 2,550 running ft. 

1st year's River Oofferdam Left Bank. 

Overlap 
allowance; 

Upstream end 500 -150 - 350' 
River side 210 +600 =" 810' 

Upstream projection 560 -150 - 410' 
Downstream end 1,200 = 1,200' 

Total 2,770 running ft. 

2nd year's Regulatof- Oofferdam Right Bank. 

Upstream end 300 
River side .. 750 
Downstream end 200 
Earth bank 240 

Overlap 
allowance .. 

-150 

. +380 
-150 

Total 

- 150' 
= 1,130' .. 

- 50' 

- 240' 

.. 1,570 running ft. 

2nd year's River Oofferdam. 
Upstream side 
Downstream side 

1,570' 
1,570' 

Total 3,140 running ft. 

2nd year's Regulatof- Oofferdam Left Bank. 

Upstream end 
River side 
Downstream 'end 
Earth bank 

Overlap 
allowance, 

280 -150 
1,550 . 

200 -150 
300 

= 130' 
. 1,550' 

- 50' 
= 300' 

Total •• 2,030 running ft. 



109 

3ra year's River Oofferdam Left Bank. 

Upstream side 
Downstream side 

.. 1,570' 
1,570' 

Total .. 3,140 running ft. 

4th year's River Oofferdam. 

Upstream side 
Downstream side 

. . •• 1,320' 
1,320' 

Total 2,640 running ft, 

370.· The following are the quantities of seepage water calculated to be dis­
.charged into each cofferdam as per calculations in paragraphs 366 to 36S ante. 
The discharge allowed for is drYUblehe calculated quantity and the discharge of an 
S" pump is assumed as 3 cusecs and of a 10' pump as 5 cusecs ;-

- • -
Effective Calculated 
porcols- discharge 

Cofferdam. tion ('764 AIlO1l'ed No. of, Ot- No. of 
length of cusers discharge 8·pumps to" pumps 
perimeter per 100 (for required. required. 
Eunnin . running pumps). 

feet. feet.) 

, 
Cusecs. Cusecs. 

lst Year River R. B ... .. 2,5501 19'O~ 391 131 8 1 
> 42j' > ~ 

1st .. .. L. B. .. .. 2,770j 21'2j 14) 8 J 

2nd .. .. R. B. •• .. 3,140 1 241 481 161 10 1 
I 8~ I 

1,570 ~ 
, 

2nd .. Regula tor R. B. .. 12 r 24 >- IS t 
2,030J I5'0J 31j 2nd L.B. 10) 6 

, .. .. .. J 

3rd .. River L. B. .. .. 3,140 24 48 16 10 

4th .. .. .. .. .. 2,640 20'2 40 13 8 , 

Total .. 90 or 55 

371. The maximum pumping requirements will be in the 2nd year, when 
altogether 103 cusecs discharge is to be provided, or equivalent-

to 34-S' pumps at average power of 25 B. H. P. per pump=S50 B. H. P. 
or 21-10' pumps at average power of 35 B. H. P. per pump=735 B. H. P. 

or and Pumps 
{

10-10'}. =350 B. H. P. 

18--8' ==450 

sOOB. H. P. 
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SECTION V. 

Laying the Masonry In Cofferdams. 

(See Drawings Nos. 42 and 71.) 

372. All solid masonry in a width of 190' in the floor will be laid entirelY 
in the dry, the pumps keeping water below the foundation level. 

The first portion to be laid will be the deepest central block founded at R. L. 
165. This should be laid as rapidly as possible, as much labour as possible being 
concentrated on it, since, as soon as this is completed, water can be allowed to rise 
5' to the foundation level of the downstream apron. The reduction of head will 
very greatly decrease the pumping. As soon as the upstream and downstream 
masonry aprons are completed in any length, the sand outside them, i.e., in the 
berms at feet of slopes will be excavated by hand, and on the. downstream side 
the stone pitching below the concrete block apron (but not the blocks) will be 
laid for 20' or ;W width, and on the upstream side the stone pitching apron 
will be laid for a similar width. The temporary outer row of piling for the 
pumping trench will then be withdrawn. 

373. At the same time the piers will be builtup to about R. L. 195 or higher. 
To complete this work in the large cofferdams proposed, it will require about 1,000 
masons working for 100 days, 12 hours per day, or about 750 masons working 16 
hours per day, or two shifts of 750 masons each, working 8 hours shifts for 100 
days. 

374. When this work has been completed in the full length of cofferdam, 
water will be allowed to rise, the cofferdam will be opened, and the dredger 
brought in. She will at once commence the removal of the sand slopes and the 
natural sand below them, to the full width of the upstream pitching, and to its 
bed level, and on the downstream side for the full width of the downstream apron 
of concrete blocks, and the stone pitching talus beyond it. The whole width of 
these aprons lies within the cofferdam. The dredged spoil will be discharged 
by the dredger from the far end of the cofferdam where it will be carried away 
by the river current. The stone pitching already laid in the dry in -a width 
of 20' or 30' upstream and downstrea:m of the masonry floor will prevent the 
dredger's suction doing any damage to the masonry. As soon as excavation is 
finished to required depth in a short length of cofferdam, barges laden with stone 
will be brought in, and the stone deposited through the water. The heavy 
concrete blocks will also be brought in on barges, and the floating cranes_ will 
lower them to the prepared stone-pitched bed, where they will be set in position 
by divers. 

375. The 6' thick talus of stone-pitching will be deposited at the same time 
and this will complete the whole floor of the barrage. As soon as this is done in 
a given length, the cofferdam piling in that length will be withdrawn. This pro­
cess will continue until the whole cofferdam has been removed. 

376. During the construction of masonry in the dry cofferdam, materials 
will be brought to site by two methods. As much as possible will be carried by 
rail from the bank over the completed portion of the permanent barrage road-
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bridge (see sectoin II later), but it will not be possible. to carry by this route only 
the enormous quantity of materials needed. The balance will be brought by bargEt 
from the shore to the outside of the cofferdams and will be unloaded as far as pos­
sible on to mechanical conveyors which will take the materials down the sand 
slopes to the 50' berm all round the foundation area. It can be stacked on this 
berm .and distributed to any part of the work by trollies running on a light double 
track all round the berm. All the stone used will be of man-handled size, so there 
will be no necessity for cranes, except for lifting on to the piers. For this purpose 
long-jibbed Scotch Derricks will be set up between two piers, and will be able to 
lift materials to either pier. Or possibly it may be worth while setting up a tem­
porary cableway running over the centre of the piers for the full length of the 
cofferdam. This is a detail to be settled later. Mortar can be run down shutes 
or in conveyors from the barges to the foundations. 

SECTION VI. 

Arrangements for end of next season's cofferdam 
on completed floor. 

(See Drawing No. 71.) 

377. Before pumping in the cofferdam ceases, arrangements will be made 
for the near end of the next season's cofferdam. This will join to the side of the 
last abutment pier, in the nose of which a 'special counecting piece for the sheet 
piling will be built in.. "In line with the side of the pier, and right across the up­
stream and downstream masonry pavement, will be laid heavy timber or steel­
beams as act as a cill, or footstep, to take the thrust of the sheet piling resting 
agaiust it. These beams will be securely held to the floor by heavy bolts built 
in to the masonry floor between the two beams, and special arrangements will 
be made to ensure a water-tight joint round the' feet of the piles, Beyond the 
masonry aprons on the upstream and downstream sides, the ordinary cofferdam 
piling will be driven to full depth and will be interlocked with, and support, the 
piling resting on the masonry floor. This will further be strengthened by steel 
beam walings bolted on both sides near the top and extending from the pier to­
the extreme end of the piling. When nsed in the next season's cofferdam it will 
be of course supported on the inside, against the water pressure, by a bank of sand 
as usual. 

378. This line of piling will be protected at its ends by stone-pitching to­
prevent scour, and the whole will be left standing in the river, till required for the 
next season's cofferdam. 

379. The end of the barrage floor, where work is broken off, will be support­
ed and protected, by building into it, permanently, the steel piling used for the 
return end of the pumping trench, while beyond this, stone pitching 6' thick will 
be thrown into the river bed for a width of about 100'. This steel piling will 
connect with the longitudinal rows of permanent piling, and when the next sea­
son's cofferdam is made, it will act as the below-foundation curtain of this part 
of the end of the cofferdam, and will prevent percolation water flowing along 
under the floor in to the cofferdam. . 
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PART VI. 

METHODS OF CONSTRUCTION. 

SECTION B. 

The Superstructure. 

380. The provision of the heavy abu.tment piers at intervals of 9 span. 
-enables the arches and superstructure to be built in short lengths as work on the 
floor progresses. 

During the low water seaEOn, all labour and plant will be needed for pushing 
through the work in cofierdams, which includes the raising of all piers to about 
R. L. 195' O. 

But when work in the bofierdams is completed, the completion of the pier 
up to springing level can at once be taken in hand. For this work labour and 
material will probably be best conveyed to the piers by water. Plenty of barges 
and pontoons will be available. As soon as all piers in one bay (i.e., between 
adjacent abutment piers) are raised to springing level, the steel trusses of the arch 
centres for the gate-bridge will be fitted up as road-bridge girders, (they are 
designed for this purpose), with a 12' roadway, and these will then form complete 
temporary road bridges of over all length 59' each. Great quantities of steel 
beams 15" X5" are available from the piling and a number of these will be bolted 
down to the tops of the piers and cantilevered out over the sides to form support 
for the road bridges to rest upon. The cantilevered ends can be further supported, 
if necessary, by vertical girders and packing resting on the barrage floor. The 
temporary bridges can then be placed in position on these cantilevered beams, 
and will form a service roadway across the piers, for carrying the materials re­
.quired for building the road-bridge arch at the downstream side of the piers. 

-
381. In the meantime the cant.ilevered beams and longitudinal runners for 

supporting the arch centres of the road-bridge (see Drawing No. 73) will have 
been placed in position, and the arch centres, complete, will be Hoated out and 
placed in position on their supports. The building of the road bridge arches and 
Ilpandrils can then be proceeded with, and the permanent bridge be completed 
up to road level. The parapet walls would not be built at this stage. 

382_ When the permanent road bridge in this bay has been completed, the 
temporary bridge on the upstream half of the piers will be removed, the flooring 
detached from the trusses and the latter then covered with the lagging to convert 
them to arch centres for the ga~ bridge. 

383. The upstream half of the piers will be raised to springing level of the 
gate bridge, the cantilever girders and longitudinal runners built into position 
and the arch centres floated out and placed on their supports. The permanent 
road bridge will now form a service roadway for supplying materials for the gate 
bridge, of which the construction can now proceed to completion. 
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384. Thus during each flood season the superstrUcture can be completed 
up to the last abutment pier built during the preceding cold weather, and the com­
pleted road bridge will form an invaluable service road for conveying materials 

• and labour to the next year's cofferdam. 

It will run right up to, and 25' inside, the eofierdam, and by placing a 1Jem­
porary girder bridge on to the next pier (built in the previous season) the track can 
be carried 95' inside the cofferdam, where cranes or shoots can easily convey mate­
rials inba the foundation area, where they would be distributed by a light trolley 
line running right round the 50' berm outside the pumping trench. 
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385. A very large quantity of plant has been provided for the execution of 
this great and difficult work. ' 

Such plant is essential if the work is to be carried out quickly, safely and eco­
nomically j in fact ,.it may be said that the whole sucoess, or otherwise, of the 
work will depend primarily on the quantity and sUitability of the plant available. 
The engineers in charge of the work should be in a position to feel that whatever 
may happen, they have the plant behind them to meet the case, and the 
Engineer-in-Chief should have complete discretion and full powers, to order by 
cable direct from suppliers or makers, in England, India or elsewhere, any 
further plant that circumstances lead him to consider necessary. 

If he has to refer to Government for sanction in such cases, or is in other ways 
fettered, any delay or hesitation involved, may lead to stoppages or disasters on 
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the work, which will far more thaiicounterbalance any possible advantage gained 
by reference to higher authorities not in direct touch with the work, and which 
may indeed affect the who1e success of the work. 

386. Successful contractors always realize this, and provide plant for every 
foreseeable cont'tngency, taking their chance of realizing a fair salvage value for 
such plant after completion of the work, and if necessary, scrapping the whole 
of· it . 

• 

387. This great work at Sukkur will present difficulties and problems, which 
make it quite impossible to compare it with the comparatively small and simple 
,,:eirs in the Punjab and other pacts of 1ndia; 'where usually it has been possib!e 
to divert the cold weather channel of the river and construct the works practi­
cally in a dry river bed. This wm be quite iinpossible at Sukkur, where at one 
period of the working season,. the ~ver discharge may fall to abo'ut 30,000 cusecB 
and at another period may rise to nearly 350,000 cusecs in normal conditions. 

- 388. Even at the great Sara' Bridge Works, the under-water portions of 
the work were very limited in extent and apart from the pitching of the ca,issons 
(a· very fine job in itself) presente!ino difficulty due to the river. 

The .total cost of this bridge' and approaches as per completion report was 
Rs. 3;51,32,164 in which only Rs: 11,97,000 was charged against P;ant, but the 
actual initial expenditure on Plant exclusive of erection, housing, or reps.irs was 
Rs. 88,00,000 or 25 Fer cent: of die total cost of the work. The small amount 
charged against Plant in the Completion Report is due to the very high salvage 
values obtained owing to the war, some items being actually sold for more than 
their cost price. The whole work was completed with a saving of Ea. 1,25,36,699 
onthe Project Estimate which amounted to Rs.4,76,68,863. 

389. The following quotations from the Completion Report of the Lower 
Ganges Bridge (page 3) is of great interest:-

" In explanation of- this satisfactory result the remarks by the late Engineer 
in-Chief, Sir R. R. Gales, Kt., in his letter No. Nil, dated 23rd June 1915, may 
appropriately be quoted. 

" (3) This very large saving on bridge proper of over a crore of rupees 
may be attributed in general terms to the circumstances that no 
great changes in the course of the river threatened or occurred 
during the construction of the bridge, and that all arrangements 
were such that the works were carried through without accident 
or delay to successful completion a year earlier than IWticipated 
in the estimate." . 

"- (4) A bold expenditure on sinking and other plant, including rolling-stock 
and permanent-way, for handling the large masses of material re­
quired for the training works, the use of electricity for power, the 
employment of heavy wells for the foundations and of a service 
girder of large size for girder erection, permitted an accelerating 
programme to be worked to with comparative ease and certainty. 
The preparation for several years in advance of careful progra=es 
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in whieh every thing possible was foreseen and provided for, to­
gether with a close supervision of expenditure combined to pro­
duce the above satisfactory result." 

390. In view of these remarks and of the results obtained by a bold expendi-. 
ture on plant, it is considered that the provisions made for plant in the present 
estim~tea for the barrage are fully justified, and will result in true economy. 

391. The plant has been selected, as far as possible, to consist of units of a 
size and nature to be suitable for ordinary engineering work, so that they will 
find a ready market when they come to be disposed of .. Even the large floating 
cranes will be suitable for Harbour Commissioners, -while the steamers will be 
suitable for ordinary service on the Indus, or any river in India, and the dredgers 
are specially arranged to be suitable for maintaining canals such as the Eastern 
Nara or for clearing channels from the river at the heads of the large inunda­
tion canals, or for almost any sort of general dredging service in sand, clay 
or silt. 

392 .. The pile drivers and pumps are all standard machines which will be 
suitable for any ordinary work. The electric generating plant will be specially 
designed to be suitable for service in any very hot or damp cliinate and will be in 
uuits of efficient sizes easily disposed of. It is possible that the plants on either 
bank could be disposed of in situ and in working order, to the Municipalities of 
Sukkur and Rohri respectively for lighting the towns; or to the North-Western 
Railway for running their shops on either bank. 

393. The cost of plant, and of working same, has been extracted from 
various sources such as maker's catalognes, market quotations, reports of works 
carried out in India, information obtained privately from engineers of experience 
and from my own experience. I am particularly indebted to Mr. Pierce, Exe­
cutive Engineer, North-Western Railway, for much valuable information regard­
ing the Sara Bridge plant, and to the very full and detailed Completion Repert 
of this work, which was very kindly supplied to me through .the _courtesy of Sir 
Robert Gales, Chief Engineer, North-Western Railway and the Secretary, Railway 
Board, Simla. This Completion Report gives the fullest details of cost of plant 
and of working same on that great work. 

394. As all their plant was purchased at pre-war rates I have added to these 
ra.tes on the average about 40 per cent. to allow for the rise of prices. I am also 
unable to give credit for such high salvage values as were actually obtained for 
the Sara Bridge plant, since the latter was sold during the war, and prices 
obtained were quite abnormal. 

395. I have allowed salvage values which my experience leads me to believe 
likely to be obtainable. This is of course an indeterminate matter, depending 
on personal judgment and others may differ from my estimates. I have endea­
voured to err on the safe side after assuming businesslike arrangements for the 
advertisement and sale of the plant. 

396. Many details of methods of using plant have been thought out, but are 
not included in this report; as they are not necessary for the general consider-I­
tion of the proj act. 
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SECTION II. 

RaHways. 

397. A broad-gauge (5'-6") railway system (see plans Nos. 69 and 70) will 
be required to connect with the North-Western Railway and to convey stone. 
sand, cement, iron and steel work, and plant, etc., to 'the works. 

ON THE RIGHT BANK. 

(~ee Plan No. 69.) • 

39S. ,There will be a double line track runIiing from the North-Western Rail­
way (near mile ~ from Rom to Ruk), parallel to the canals, to the river bank near 
the barrage. There will be six through sidings each about 6,000' long to serve 
the various work yards lying to the west of the canals. All these will connect to 
the service line along the river bank. There will also be a single line track running 
right along the river edge, from the downstream end of the Bunder wall, to below 
the end of the downstream guide-bank, with sidings to serve the Power House. 
the wharf and the downstream guide-bank. 

The total length of track on this bank will be about 14 miles. 

ON THE LEFT BANK. 

(See 1:1am Nos. 70 and 69.). 

399. There will be a double line track from the quarries to river bank at 
upstream end of regulators. This line will run from the quarries as shown, issu­
ing into the Aror valley, where it will cross over the alignment of the new head of 
the Eastern Nara to its northern bank. It will run parallel to the new head, along 
the north and eastern side, righ.t round to the river. There will be two branch 
terminal sidings to serve the quarries, and two sidings to collect sand from the 
sand hills to the north of The Aror Valley. 

The whole of this system, to the river, will be double track, as there will be 
heavy traffic of stone and sand continually passing. It will connect to the North­
We~tern Railway from Pad-Idan to Rom near mile 3 from Rom. 

400. At the river there will be a single line track running upstream along the 
guide bank for a distance of about 11,000', i.e., to the limit of the stone-pitched 
guide bank. From this line will be sidings to serve the power house and the river­
wharf. 

There will also be a double track line running downstream across the canal 
heads to connect with the sidings serving the works yards. 

A single track shunt runs along the river bank to below the downStream guide 
bank with a siding to serve the latter. ~ 

~ . 
ThQre are 6 terminal sidings each about 5,000' long to serve the works yards 

to the west of the canals. 

The total length of the track on this bank of the river wi,ll be about 26 miles. 
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401. Total broad-gauge track on both banks 
=14+26 40 miles. 

402. The cost of earthwork, laying, and carriage to site, signals and tem­
porary quarlers for· signalmen, may be taken as approximately Rs. 6,500 per 
mile (~ Part IV, page 73 of Sara Bridge Completion Report) • 

. '. cost of 40 miles=Rs. 2,60,000. 

403. The follewing will be required on each bank of river :­

(One on each bank). 

Engine sheds, 100' X 30' 

Ashpit, '60' long 

Loco. Well, 8'-0' 'diameter 

Lighting arrangements 

Rs. 

5,000 

400 

1,800 

300 

'i,500 X 2=Rs. 15,000. 

NARROW· GAUGE RAILWAYS, 2'-0" GAUGE. 

404. This will be required for general light service in the works yards and 
in the construction of cofferdams. 

There Will be' a double track right round the foundation areas in cofferdams. 
This will require about 4 miles of track in the 2nd year's work. 

About 2 miles of track may be allowed for in the works yards on each bank 
and in the quarries. Total length of track, say 10 miles. 

405. The approximate cost of earth work, carriage to site, laying, moving. 
relaying, signals and crossings, etc., may be tajren as 2,000 per mile. Total cost 
of 10 miles, Re. 20,000. 

406. The following will be 'required on each bank :­
One engine shed complete with ash-pit, Loco. 
well, etc., at Rs. 4,000=Rs. 8,000. 

ROLLING STOCK. 

407. It has been assumed tilat second·hand engines will be obtainable in 
India from the main railways, and if these can be got at reasonable prices, they 
will serve our purpose. If not, it is possible that fewer new engines could take 
their place, but the first cost would probably be higher, though greater economy 
of working, less repairs, and more regular service, make this an alternative well 
worth consideration. For ordinary low-sided trucks all new plant has been 
provided, . as the 'work will last sufficiently long to make this worth while. If old 
trucks were obtained they would probably not last out the duration of the 
work. Also by purchasing new trucks they can be specially designed to suit the 
work. 
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408. 5'-6" Gauge.-

6 Nos. Second-hand four-wheeled tank locos. for shunt­
ing. and shifting trains and rakes of trucks in 
yards, quarries, etc., at Rs. 22,000 •• 

6· " Second-hand engines and tenders for runnmg 
trains on both banks at Rs. 30,000 

2 " Officers' saloons at Rs. 15,000 .• ' 
400 "New low-sided trucks at Rs. 4,000 " 
10 "Second-hand covered wagons at Rs. 3,000 
50 " Second-hand rail carriers at Rs. 2,000 .. 

" Brake vans at Rs. 7,000 24 
2 " Hand accident cranes, 10 tons, at Rs. 10,000 

... 

2 " Steam loco. accident cranes to lift 15 tons at 15' 
radius, at Rs. 50,000 • • . • 

6 "Motor Inspection Trolleys at Ra. 3,000 

409. 2'-0" Gauge.-

10 Nos. Second-hand 4 ~oupled tank locomotives -at 
Rs.8,000 

400 "Low-sided trucks at Rs. 500 
10 "Brake vans at Rs. 800 
1 No. Hand accident crane at Rs. 5,000 

410. Permanent-way.-

Rs. 

1,32,000 

1,80,000 
30,000 

16,00,000 
30,000 

1,00,000 
1,68,000 

20,000 

1,00,000 I 

18,000 

23,78,000 

Rs. 

80,000 
2,00,000 

8,000 
5,000 

2,93,000 

Here again second-hand material has been assumed, in all items where 
it is at all likely to be available and ~uitable for the work. 

4.11. Broad-gauge 5'-6" track.-

40 miles of 64 lb. second-hand track at Rs. 2-8-0 per foot 
. D. & O. plate sleepers complete 90,000 Nos. at Rs.9 

Crossings, 80 sets, at Rs. 160 
Switches, 80 sets, at Rs. 250 .. 

-412. Narrow-gauge 2'-0" track. 

10 miles of second-hand track at Rs. '75 per foot 
24,000 C. I. sleepers at Re. 1 each 
Crossings and switches, 150 sets, at Rs. 120 .. 

.. 

Rs. 

5,28,000 
8,10,000 

12,800 
20,000 

13,70,800 

Rs. 

39,600 
24,000 
18,000 

81,600 
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413. Total outlay on railways-

Rolling-stock, 5'-6" gauge 
" " _ .2"-0" " 

Permanent-way 5'-6" " 

" ,,2' -0" " 
Earthwork, laying, etc., 5'-6" gauge 

" "" 2'-0" " Engine sheds, etc., 5'-6" 
" 

" " ,,2'-0" " 

.. 

Us. 
23,78,000 
2,93,000 

13,70,800 
81,600 

2,60,000 
20,000 
15,000 

8,000 

R's. 44,26,400 

SECTION III. 

Fleet. 

414. Provision is made for two dredgers required for work in the cofierdams, 
and for a fleet of steamers and barges capable of handling all plant and necessary 
materials. 

Towing steamers for a river of this class are best fitted with paddles in pre­
ference to screw pr9pellers. The paddles should be independent to ensure great 
manceuvring power in a strong current and when hampered with tows alongside. 
The hulls should be spoon-bowed, and the draft fully loaded must not exceed the 
figures specified. Such vessels will be able to hand:e their tows under all condi­
tions of th~ river, and in the event of running on sand banks (as they frequently 
will) their independent paddles and spoon bows will enable them to wriggle off 
with the least possible difficulty. All vessels should be oil-fired, as oil-fuel should 
be cheaper and more easily obtained (from Persia) than coal, and is more easily 
handled, stored and stocked, and is more economical as fuel • 

. The motor launches will be needed for shifting labour, stafi, light materials, 
etc., and for standing by and assisting in manceuvring barges and pontoons into 
position. 

For rough specification and description of dredgers, see Appendix K. 

RIVER FLEET. 

-415. 2 paddle steamers with independent paddles, length 130', beam 
25', draft 3' loaded, 1'-6" light, width over paddles 40'. Power 
about 350 I. H. P. Complete with water tube boilers fitted 
for oil fuel, with search-lights and all fittings complete. Speed 

Rs. 

about 15 mites per hour at Rs. 1,80,000 •• 3,60,000 

Would handle the largest pontoons and floating cranes. 

2 steam tugs with independent paddles, 80' long, 20' between 
paddles, 32' overall, about 200 I. H. P. Draft about 2'-6" 
loaded and 1'-3" light. Boilers fitted for oil fuel. To 
handle 2-50 ton "barges or 1-100 ton barge at Rs. 90,000. 1,80,000 
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1 steam launch, twinscrllw, length 70' ,beam 13', draft 2'-6" Rs. 
loaded; complete with cabIns and all fittings and fitted with 
oil fired boilers. For general service, inspection,' survey, 
etc , at Rs. 40,000 .. " 40,OO() 

4 motor launches, length 35', beam 6'-9", draft 1'-4", fitted 
with 36 B. H. P. engines for petrol or kerosine at Rs. 12,500. 50,000 

2 motor life boats with single cylinder petrol engine at Rs. 3,000. 6,000 
, .. 

2. dredgers (suction), lengt~ about 220', beam say 40', draught 
loaded not to exceed 3' when carrying overside discharge 
pipe full of clay and balance tanks full (see separate speci­
fication of various parts) complete with all pipes, tenders 
and launches at £40,000 each. • . 12,00,000 

5 steel pontoons; 80~X20'X6', capacity each 100 tons, fully 
decked, with inside boards, anchors, chains, etc., suitable for 
carrying arch centres at Rs. 18,800 • . 94,00() 

~ steel pontoons, 80' X 66' X 6', carrying caJ;lacity 300 tons, suit- _. 
able for carrying electrically driven Scotch -Derrick Crane 
of 10 tons capacity at 60' radius with 70' jib at Rs. 55,000.. 2,20,000 

15 steel barges with wooden decks, approximate capacity 16 
tons, size about 40'x9'x3'for pumps at Rs. 1,200 .• IS,OO() 

30 steel barges with wooden deck about 80'XI6'x4'-6", ap-
proximate ,capacity 80 tons for stone carrying at Rs. 5,000 " 1,50,000 

30 steel pontoons with wooden decks, size about 60' X 20' X 3', 
approximate capacity about 50 tons suitable for carrying 
pile drivers at Rs. 4,500 .. ., " 1,35,001) 

1 heave-up boat, length 49', beam 14', moulded depth 4'-3", Cal-
cutta Port COInIIllssioners' type, fitted with double-geared 
windlass and 5-ton capstan at Rs. 20,000 •• 20,000 

3 life boats of sizes at Rs. 1,000 3,001) " 

10 jolly boats of sizes at Rs. 700 7,000 

Total Cost of fleet Rs. 24,83,000 

SECTION IV. 

Cranes. 

416. All these will be operated electrically or by hand. 

Provision is made for 2 Goliath Cranes, one for the Llock moulding yards on 
Plll'h bank of the river. These will span the moulding ground and the stacking 
yard, and will have a cantilevered arm on one side for loading blocks on to the 
hroad-gauge railway track running along one side of thl' ground. 

The four large 10-ton Scotch Derrick Cranes will be Illounted on pontoons 
(lnd will be used for setting the concrete block apron, alHI lor pulling piles and 

grneral sen' ice. 
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The two 25-ton cranes will be fixed in the steel-work erection yards and will 
be able to lift a complete gate, or arch centre on to the railway trllcks, as well as 
performing any similar heavy work. Assembly of heavy items would be done 
within their lifting radii. The four 10-ton hand cranes would be for similar bu. 
lighter work in the yards. 

The 20 hand-operated Scotch Derricks of Ii tons capacity would be used for 
erection of piers in cofferdams and for general service in yards, etc. 

The four 5-ton and two 12-ton loco. cranes would be used for lifting and 
shifting materials in the erection yards. These will be broad gauge and will be 
most useful for all kinds of work. 

CRANES. 

417. 4 electrically operated three motor Scotch Derrick Cranes of 
10 tons lifting capacity at 60' radius, length of jib 70', 
hoisting speed 40 ~eetlmin. for block setting, etc., at 

Rs. 

Rs. 30,000 .. 1,20,000 

2 electrically operated three motor Scotch Derrick Cranes of 
25 tons capacity at 50' radius, jib 80' long for lifting cen-
tres, gates, etc., at Rs. 60,000 .. 1,20,000 

4 hand operated Scotch DerricI!: Cranes to lift 10 tons at 40' 
radius, length of jib 55' for steel erection yards, etc., cen~ 
tre pins to be drilled for taking hoisting rope to electric 
hoist, if desired, at Rs. 7,500 30,000 

20 hand operated Scotch Derrick Cranes to lift I! tons at 35' 
radius, 45' jib, centre pius to be drilled for taking hoisting 
rope to electric hoist, if desired, at Rs. 1,200 24,000 

4 electric or steam loco. cranes to lift 5 tons at 16' radius at 
Rs. 10,000 .. 40,00(} 

2 electric or steam loco. cranes to lift 12 tons at 16' radius at 
Rs. 20,000 .. 40,000 

2 electr:cally operated Goliath Cranes about 53' span with 15' 
cantilever at one end or both ends to lift 10 tons, height 
to hook (maximum) 20', travelling speed 200' per minute, 
for block moulding yards at Rs. 45,000 90,000 

Total cost of cranes .. 4,64,000 

SECTION V. 

Pumping Plant for Cofferdams. 

418. Full details of the method of calculating the plant required are given 
in Part VI, Section IV ante, which shows the maximum requirements to be 34 
sets of 8 inehes pumps and motors. To allow for breakdowns and odd work 
40 sets may be provided. 
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The cost per set, including 8 inches pump, electric motor, auto-stlU'ter and 
1JUction and delivery pipes may-be taken as Rs. 4,500 each. 

" The total cost of pumping plal).t will therefore be 40X4,500=Rs. 1,80,000. 
This is exclusive of the cost of pontoons for mounting the pumps, which will be 
.about Rs. 18,000 and is provided under "Fleet". 

It is also exclusive of the cost of power generators, which is provided under 
the heading" Power Houses" and will be approximately Rs. 3,00,000, provision 
being made for working 34 pumps at one time, requiring about 850 B.H.P. 

SECTION VI. 

Pile Drivers. 

419. In estimating the cost of labour for working pile drivers it is assumed 
that each machine will drive one pile and locking piece to a depth of 46 feet per 
nour, i.e., will drive 61 square feet of piling per hour, Bee paras. 480 to 486. 
This is a reasonable rate of progress for work in fine sand, but to be on the safe 
-side in providing plant it will be assumed that each machine will drive 'only 45 
square feet per hour. This allows for breakdowns and other delays. . 

The pile drivers will work with 2 shifts of 8 hours each per day, and may be 
taken to work 26 days per month. 

Therefore each machine would drive--

26 X 16 X 45 square feet per month, 
= 18,720 square feet per month. 

It is desired to complete all pile driving in each cofferdam in about one month 
so the quantity per pile driver may be taken as 20,000 square feet. _ 

The total quantity of pile driving required in the year of greatest work is as 
-follows:-

Second year's work­

Temporary piles 
Permanent " _ 

Total 

312,000 square feet. 
228,000" " 

540,000 
" " 

Therefore 27 pile driverS: would be needed. Allow for 3 spare machines, or 
.say 30 machines. 

Withdrawing Piles. 

420. .All pile drivers will be fitted with special arrangements for pulling 
piles. Where conditions are easy this may be possible with a steady pull from the 
winch through a system of 2 or 3 sheave pulleys, and in difficult work it will be 
-done by a special appliance for giving upward blows to an attachment on the top 
of the pile, or by special hydraulic jacks. The floating cranes wil: also be able to 
assist with this work, and there sllOuld be no difficulty in removing all cofferdam 
piles, and pumping trench piles in one month, as pile drivers are provided for driv­
ivg far more piling (all the permanent piling also) than will have to be withdrawn. 



125 

It is J?robable that a few do~ward b!ows would be given' to shift the pile 
to break the sand accumulated between pile and locking piece, before pulling was 
started. . 

~21. The cost of each machine may be taken as under :-

Pi!e drivers complete with steel frames for driving 40 
foot piles and with telescopic leaders, fitted with double 
barrelled electric winch, and with electro-magnetic pile 
driving hammer of 40 cwt. Price complete say each Rs. 13,500 

Therefore cost of floating pile drivers wjll be 
30 x 13,500 00.. ,,4,05,000 

422. Note.-Some of the above 30 machines might be steam drivl)n and with 
40 cwt. B.S.P. double acting steam pile-driving hammers in ease pile driving is 
required before electric power is ready. The cost of the steam plant would not 
be more than the electric, so it is not necessary to differentiate in this estimate. In 
addition to t4cse floating sets, a few extra sets of pile drivers will be 
provided for wurk on land. Say 4 complete plants at Rs. 13,500=Rs.54,000 

Total cost of all plle drivers • • Rs. 4,59,000 

Add-Cost of 30 sets of p:le drawing appliances at Rs. 1,500 =" 45,000 

Rs. 5,04,000 

423. This is exclusive of the cost of pontoons on which the pile drivers will 
be mounted. This item is included in the estimate for" Fleet" and amounts to 
Rs. 1,35,000. This is also exclusive of the cost of power generators, which is 
included in the estimate· for "Power Houses". Allowing 15 B.H.P. per pile driver 
and for working 30 sets at one tiIne ; provision is made for 450 B.H.P. costing 
about Rs. 1,60,000. 

SECTION VII. 

Stone' Crushersnnd Concrete Mixers. 

424. Provision has been made for sufficient plant to break all stone and mix 
all concrete for the whole quantity of concrete blocks in about three years, this 
work to be in progress all the year round. . 

The small mixers will be used for making the smaller block~ for regulators, 
etc., and for stand-bye. They will also be useful for increasing output tern. 
pora:ily at any time of excessive demand, and for sundry concrete work not 
foreseen. 

425. The following plant is required:-

6 Baxter's compound toggle stone breakers, 2O"X9", 
complete with screens and elevators, at Rs. 7,000 - •• 

2 portable engines, 12 N.H.P., for ditto for temporary 
use till electric power is ready, at Rs. 6,000 00 •• 

6 25 B.II.P: motors, complete with pulleys and slide 
rails, for ditto, at Rs. 2,300 • • •• •• 

Rso 

42,000 

12,000 

13,800 
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6 oil immersed auto-starters, for ditto, at Rs. 200 

2 No.2 size, 20 cubic feet, Ransome's concrete mixers, 
complete with elevating hopper, steel frame, water 
tank and electric motor and oil immersed auto­
sta;rter, at Rs. 10,000 

1 ditto but, with engine and boiler instead of electric 
motor, at Rs. 10,000 

2 No. 0 size, 5 cubic feet ditto with belt drive complete; 
at Rs.2,200 

6 sets Ransome's standard hopper gates complete, at 
Rs.75 

Rs. 
1,200 

20,000 

10,000 

4,400 

450 

Total Rs. 1,03,850 

SECTION VIII. 

Moulds for Blockyard. 

426. Steel forms would be used throughout for all standard blocks, as they 
will be cheaper in the long run, and much quicker and easier to handle, requiring 
! ess room and less repairs than wooden forms. 

Provision is made for moulds sufficient for ten days output in each yard. 
This allows for the moulds standing for eight days on the (lime) concrete blocks, 
and two days for removing and resetting for fresh work. 

The approximate cost of each mould will be about Rs. 400 and 400 of these 
will be needed. 

Total cost of moulds, Rs.l,60,000. 

SECTION IX. 

Air Compressors and Pneumatic Tools. 

427. Provision is made for pneumatic drills and pneumatic ha=ers, for 
drilling and rivetting in the steel erection yards and for drilling piles and walings 
in position. For the latter purpose one or more air compressors would be 
mounted on a pontoon, so as to avoid long leads for the air maillS> 

428. The following plant is required:-

12 pneumatic drills, to drill holes up to 21" diameter, at 
Rs. 450 

2 pneumatic drills, fig. 1, size 1, to drill holes upto 2" 
diameter, at Rs. 500 ... 

20 Nos. pneumatic ha=ers, size No. 80, for closing 
~ivets upto 11" diameter, at Rs. 300 

5 Nos. pneumatio ha=ers, size No.1, for heavy clip­
ping and caulking, at Rs. 300 .. 

- Rs. 

5,400 

1,000 

6,000 

1,500 
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3 air compressors, direct coupled to electric motors, each 
capable of delivering 300 cubic feet of free air per 
minute at pressure of 180 lbs. per square inch, 
motors of 70 B.H.P., at Rs. 12,000 .. 

3 air receivers, 3'-0"X8'-0", complete with safety valves, 
at Rs. 900 ' 

~OO lengths t" hose with connections at Rs. 50 .. 

Total .. Rs. 

SECTION X. 

Diving Gear and. Apparatus. 
, 

Rs. 
30,000 

2,700 
5,000 

57,000 

429. This will be required for divers setting concrete blocks. in position. 
There are four floating cranes for this work, and provision is made for two divers 
at each crane requiring eight sets of gear. Two further sets are provided 
for sundry work or stand-bye, and four sets of spare parts. Necessary submarine 
lamps are also provided. 

430. The following IS required;-

10 diving gear complete sets, at Rs. 4,500 
Each consisting 2£­

Air pumps. 
Diving helmets. 
Signal lines and telephone lines. 
Telephone apparatus. 
Chest for above. 
Air pipe, 200 feet. 
Diving dress. 
Lead weights. 
Boots. 
Signal line. 
Knife, stockings,. guernseys. 
Cap, neckerchief, etc. 
Chest for above. 

4 sets of spares for above, at Rs. 2,100 
Each comprising- . 

Spare two cy;linder, double acting air pump. 
Spare two cy'inder air pump. 
Spare diver's helmet. . 
Spare diver's boots lead soles. 

4 self-contained electric hand lamps for submarine 
work, at Rs. 115 

16 submarine electric lamps for 110 volts, 350 candle 
power, capable of withstanding a pressure of 80 
lbs./square inch, each complete with 250 feet of 
insulated cable, at Rs. 175 

Total.. Rs. 

Rs. 
45,000 

8,400 

400 

2,800 

50,600 
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SECTION XI. 

Workshops. 

431. The main workshops will be located on the Sukkur side of the river 
as more land, and cheaper, is available at this site, and it will be more convenient 
for main line railway connections and for inspection by officers, etc. 

Auxiliary shops of about one-third the .capacity will be pr,ovided on the 
Rohri side, and small shops at the quarries for local repairs. 

432. A lump sum provision has been made for machinery for these snops 
but this has been arrived at from an approximate detailed estimate of the plant 
required. It is not an excessive estimate, as complete shops are essential for 
expeditiously 'carrying out repairs and making appliances ,for use on the work. 
The plant for metal working shops includes the following :-

Equipment for Smithies complete-

Lathes, drilling, planing, milling, shaping, slotting and screwing machines 
and pulleys, shafting, etc., for engineer's shops. 

The equipment for wood-working shops includes following :-

Circular saw bench, vertical log saw frame, pendulum cross cut saw, 
wood-boring machine and saw sharpeni!lg machine, etc., with pulleys, 
shafting, belts, etc. 

433. Sukkwf siik--

Machinery for metal working shops 
Machinery for wood working shops 

Founda.tion for machines .. 
Erection of machinery and shafting 
Marking out floor 90' X 30' -

Gantry 
Fencing aJ!.d erection 
Lighting arrangements 

.. 

Total for Sukkur side excluding buildings 

434. RoMi side and the quarries-· 

Machinery for metal shops .. 
Machinery for wood shops .. 

Foundations, erect.ion, lighting, etc .. 

Total for Rohri side excluding buildings 

Rs. 

Rs. ' 

Rs. 

Rs. 

Ra. 
60,000 
12,500 

72,500 

·1,800 
9,000 

900 
500 

4,000 
2,000 

18,200 

90,700 

Rs. 
10,000 

5,000 

15,000 
4,000 

19,000 

Total for workshops equipment excluding buildings. Ra. ,1,09,700 
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SECTION Xli. 

Water Supply Plant. 

_ 435. Provision is made for a complete water supply system to provide 
water under pressure for the whole works. 

Separate installations will be used for drinking water and boiler supply 
and for water required for concrete mixing and other works as the former will 

_ require some settlement and possibly purification treatment. 

436. The potable water supply will probably give some trouble on the 
Sukkur side, as the site of bungalows and camp is-below, and not far distant 
from, the (Sukkur) town sewage outfall. It may be necessary to divert this 
outfall to a point below the barrage, a distance of about I! miles. Provision 
has not been made for this, as without considerable investigation it cannot be 
definitely decided. In any case the cost could come out of the contingencies. 

437. On the Rohri side the camp is 2! miles below the lowest point of 
the town and it is assumed that river water would be safe at this distance, and 
safe also from contamination from the Sukkur side, 'Which is separated from 
the intake by a mile of river water. 

438. The lump sum estimate for water supply at the quarries will include 
about half the pumping plant, tanks, etc., at Rohri and Sukkur sides, but either 
wells, or a longer lead for mains to bring water from the Eastern Nara, as the 
quarry site is high and dry. 

WATER SUPPLY. 

439. Sukkur side.-

2 30,000-gallon C. I. tanks on _steel staging 30' high in-
c:uding" erection at Rs. 6,500 . . . . . . . . 

Pipes, bends, tees, etc.,including laying say at Rs. 25,000 
Fire protection arrangements, hoses, nozzles and fire 

extinguishers 
Well, 20' X 60', at Rs. 10,000 .. 
2 horizontal direct coupled electrically driven centri­

fugal pumps to deliver 200 gallons-min. against total 
head of 70' complete with motors and starters at 
Re.4,OOO 

1 10 B. H. P. oil engine and pulleys, etc., for driving 
one of above before electric installation is ready at 
Rs.2,OOO 

Erection of plant 

440. Rohn Side.­

AP, above 

441. Quarries.­

Say 

Total 

.. -

•• • • . . . . 
Total cost of water supply 

Rs. 

13,000 
25,000 

4,000 
10,000 

8,000 

2,000 
1,000 

63,000 

Ra. 

63,000 

44,000 

1,70,000 
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SEcm;ON XIII. 

Mortar Mills. 

442. These will be fixed in sets of five 9' diameter mills, driven by a 40 B. 
H. P. electric motor: 

The outtum of a 9' diameter pan is about 12 cubic feet per batch and a com­
plete operation, including filling, grinding and emptying pan, takes about 20 

. minutes, so that each pan produces 36 cubic feet of mortar per hour. 

443. The maximum quantity of masonry to be laid is in the second year, 
when there will be about 2,100,000 cubic feet of masonry in the barrage requiring 
700,000 cubic feet of mortar. In the regulators and connecting walls the quantity 
will be about 2,500,000 cubic feet of masonry requiring 800,000 cubic feet of 
mortar. Therefore maximum quantity of mortar required is 1,500,000 cubic feet 
in the second season. This will be spread over 120 days work, and the mills can 
be run for 16 hours per day (two shifts) like the masonry. This gives required 

1,500,000 ' 
output of mills---- =782 cubic feet per hour. The output of one pan being 

120X16 
782 

36 cubic feet per hour we need -- = 22 pans. To this we may add about 30 
36 

per cent. to allow for rnsh periods and for breakdowns, etc., say 8 pans extra, 
making total of 30 pans, or 6 sets of 5 pans each requiring 6 X 40=240 B. H. P. 
to drive them. The price of each pan of the under-driven type may be put at 
Rs. 2,300 and a set of shafting, bearings, pulleys and belts at Rs. 1,500 per set 
of 5 pans, while a 40 B. H. P. electric motor and auto-starter may be put at 
Rs. 3,500. 

Therefore t.otal cost per set of 5 pans -
Cost of 6 ~ts 

Rs. 

16,500 
99,000 

1,000 Erection 

Rs. 1,00,000 

SECTION XIV. 

Disi~tegrators for Grinding Surkhl, etc. 

444. An Edgar Allen Disintegrator, size N. type F. requires about 40 B.H.P. 
to drive it and turns out 200 cubic feet of surkhi per hour, ground from 11" 
broken bril·k. j 

Assuming that surkhi is required in the mortar (this is not certain but may 
give better results) and that proportions of mortar. are-

1 lime. 
Ii sand. 
i surkhi. 

3 cubic feet, making i X 3=21 cubic feet 
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of mortar. Then for every 21 cubic feet of mortar we require I cubic foot of surkhi. 
I!O that for 1,500,000 cubic feet of mortar we need-

1,500,000 
---x I cubic feet=334,000 cubic feet. 

2'25 
of surkhl in 120 days of 16 hours each-

334,000 
---cubic feet per hour. 
120x16 

_ 174 cubic feet per hour. 
So that one disintegrator as above would be sufficient .. 
Say one extra machine for stand-bye against breakdown. 

Total cost 2 disintegrators at Rs. 3,000 
2 Electric motors 40 B. H. P. with auto-starters at 

Rs,3500 .. 

Total 

SECTION XV. 

Electric Power Plant. 

Rs. 
6,00() 

7,000 

13,000 

445. The total powel' required for each of the foregoing items of plant esti­
mated in detail is shown below in column 1. These figures however represen~ 
the maximum power required for each item of plant, fully engaged. Under actual 
working conditions each item would seldom be working at full load, and all itelIl5l. 
would never be fully working together at the same time. In the second column is 
shown t.he approximate loads for each item of plant, which may be assumed as the 
maximum requirements for the combined load with all plants working together. 

B. H. P. 

-
Maximum Demand 00 

for full load. powersta-
tiOD. 

Pumps .. · . · . · . · . · . · . · . · . 850 425 

Pile drivers · . · . · . · . · . · . · . · . 450 225 

Cranes .. .. .. .. · . .. · . · . .. 600 300 

Stone crushers and mixtures · . · . .. .. · . · . 220 220 

Air compressors .. · . · . .. .. .. · . .. 210 210 

Workshops .. · . · . · . .. -· . · . .. 200 200 

Water supply · . .. .. .. .. .. .. .. 100 100 

Mort .. r Milia .. .. .. .. · . .. .. .. 240 240 

Disin tegra tors .. .. .. .. .. .. .. .. 80 80 

FailS Ilud lighting for bungalows and offices .. .. .. 100 100 

3,050 2,100 
, 
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446. Thus 2,100 B. H. P. may be taken as full load demand from the power 
stations. Adding 20 per cent. for losses in transmission, etc., we get-

Demands 2,100 
Losses 20 per cent. .. - .. 420 

Total .. 2,520 B. H. P. 

447. A further 100 B. iI .. p. will be allowed for sundry plant not estimated 
in detail. This is divided up between two power houses--a larger one on the Suk­
kur side and a smaller plant on the Rohri side. (Possibly one of the small gener­
ating units will be fixed at the quarries instead of on the Rohri side of river.) 

448. The cost of the plant, transmission lines, etc., is based on cost of 
similar plant at the Sara Bridge Works, an allowance 'of about 40 per cent. being 
made for increased prices. The power units are so sub·divided,.hat it is 
unnecessary to provide stand·byes. The cost of housing the plant is included 
under" Temporary Buildings." 

449. The plant will consist of triple expansion or compound condensing 
engines, or steam turbines, supplied with steam from water tube boilers, oil or 
coal fired, and driving three phase revolving field generators, with excitors direct 
coupled. These will generate current of 440 volts 50 periods which will be trans­
formed up to 3,300 volts for transmission and again transformed down to 440 
volts at sub-stations on the works for use in the mQtors. 

The following plant is provided :-

"50. On Sukkur Side--
3 units of 500 B. H. P. each 
2 'units of 185 B. H. P. " 

1,500 B. H. P. 
370 

• 
1,870 B. H. P. 

Cost of plant complete, with boilers, engines, generators, 
switches, transformers, etc.; will be approximately 

Foundations for plant .. 
Erection of plant 

451. On RQhri Side-
1 unit of 
1 unit of 
1 unit of 

500 
185 

75 

Total Sukkur Side 

B. H. P. 

" 
" 

Total .. 760 B. H. P. 

Cost of plant complete will be approXimately 
Foundations for plant .. 
Erection for plant 

Rs. 

4,00,000 
15,000 
30,000 

4,45,000 

Rs. 
2,00,000 

7,000 
15,000 

2,22,000 
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Transmission Unes and ere6tion. 

On Suklrur Side .. 
On Rohri Side .. 

452. ~otal cost of Electric Power Supply Plant-

. -- Sukkur 
side. 
-

. Re. 

Plant an d erection .. . . . . . . . . . . 4,45,000 

Transmission lines and erection .. . . . . . . 1.10,000 

SECTION XVI. 

Rohri 
.ide. 

Rs . 

2,22,000 

60,000 

Ra. 
1,10,000 

60,000 

1,70,000 

Total. 

Rs. 

6,67,000 

1,70,000 

8,37,000 

Steel Sheet Piling (for temporary construction works). 

453.' Unc;ler this heading is provided all steel piling except that embodied 
in the permanent structures. • 

As explained in paragraphs 323 to 325, Part VI, Section A, sufficient piling 
i. provided to meet the requirements of the heaviest season's work in cofferdams, 
after taking into temporary use for this purpose, such quantities of the permanent 
piling as will serve the purpose. Provision has also been made for piling with. 
which to fonD. wharves on either bank of the river. 

454. The total quantities required are as follows:-
R.i. 

For the barrage and regulator cofferdams. 
366,000 square feet of 15" X 5" Universal Sheet 

Piling, at Rs. 4 per squar~ foot 

272 tons rolled steel beams for 

14,66,400* 

walings, at RI!. 160 

per ton 43,520 

Rs. 15,09,920 

For two wha'f1le8 lUI under-
60,400 square feet of steel Sheet Piling, at Ra. 4 per 

square foot 2,41,600 
53 tons rolled steel beams for walings 8,480 

Add-for second wharf 

Total outlay for piling 

• This mould .... d 14oM,QOo. 

2,50,080 

2,50,080 

20,10,080 



SECTION XVIl. 

Arch Centres and Support&. 

Drawing No. 73. 

455. All arch centres will be formed entirely of steel, both as regards the 
trusses, the lagging and the supports. There are many reasons in favour of steel, 
as against wood, for this purpose. In the first place on a span of .60 feet for­
heavy arches, wooden trusses would require to be very heavy, and after much 
use, and exposure to the sun and water they would warp and their joints loosen, 
with the result that they would sag considerably. Moreover wooden lagging 
would get badly damaged by repeated use with heavy stone blocks being 
dropped on it, and even if not broken it would require considerable repairs after 
each operation and would have' no salvage value on completion of the work. 
Well made steel trusses on the oth~r hand will not be very heavy and will be al 
good when done with as when taken into the works. The lagging will ~eed 
no repairs and will have' a fair salvage value on completion of the work. It is 
proposed to use each road-bridge centre 8 separate times, and each ga~-bridge 
centre 16 separate times, 9 complete sets of centres being provided to complete 9 
spans of both the Barrage bridges. The parrage comprises 66 spans, divided 
into 6 bays of 9 spans each, one bay of J spans, and one bay of 5 spans, i.e., 
8 bays altogether. 

456. The trusses are specially designed to be convertible into girders for 
carrying a road-bridge flooring, suspended from the bottom chord of the truss. 

All that will be necessary is to remove the lagging from the complete arch 
centres, when done with as such, and to rivet on to the bottom chord the angles 
and plate for carrying the trough flooring of road-bridge. 

It is proposed, therefore, to use all these trusses, after completioiJ. of the bar­
rage, to form road-bridge spans for the bridges across the canals. Each bridge 
will have a clear span of 55 feet, so that ohlstruction by piers in the canals will be 
much reduced, while full value will be obtained from the trusses. 

457. The trough flooring and necessary angles and plates for converting 
some of the trusseS to road-bridges will be purchased at the time of starting arch 
construction, and with these some trusses of the gate-bridge will be converted and 
used as a temporary road-bridge, for a service road to supply materials for the 
construction of the road-bridge arches of the barrage, vide paragraphs 380 to 382, 
Part VI, Section B ante. The maximum possible use will thus be made of all 
plant. 

458. The salvage value, of the trusses only, is therefore pnt at 75 per cent. 
of cost price, and this amount will be, debited to the canals, the remaining 25 per 
cent. being charged to the arch masonry. For the steel lagging a salvage value of 
Rs. 150 per ton or about 30 per cent. of cost is allowed, as these will be large 
piates which will be useful for tank making, etc., and will command a good price. 

459. In the designs submitted (see plan No. 73) the trusses are designed of 
ample strength to carry all loads coming on them when used as arch centres, and 
alteruatively, to carry from the bottom chord, the loads ~ue to a flooring and road­
way with live load of 75 Ibs. square foot for a. clear width of 12 feet roadway. 



The design is not intended to be a final working drawing, but it provides 
ample strength for the above purposes. The final design would be made in con-

• sultation with the structural engineers building the trusses, and it is probable. 
that their experience would enable them to design a more economical girder for 
the purpose. 

460. Two designs are submitted for methods of supporting th~ arch. centres. 
(see plan No. 73). 

One design uses a system of removable cantilever girders and longitudinal 
beams (which will be available each year from the sheet piling girders). This is 
the system adopted in the estimates. 

The other design, which was the first worked out, is for cast-iron bracket 
supports. This is not recommended, but is shown for comparison. It would be 
much more expensive and more troublesome. 

-4,ln. Provision is made for 9 complete sets of centres for the 25 feet wide. 
road-bridge arches, and for 9 complete sets of centres for the 8 feet wide rib of 
the gate-bridge arches.. After the completion of the 8 feet wide rib, these centres 
will be slid along·the runners to the position of the 5 feet wide rib and the latter 
can then be built on the same centres, which again effects a large economy in 
centering. 

-4,62. For the supports of centres, 8 complete sets to suit the 10 feet piers 
are provided and 2 complete sets to suit the 25 feet abutment piers. This 
provides all the supports necessary for the 9 sets of centres. 

In addition to this, 2 complete extra sets of supports, to suit 10 feet piers 
are provided, so that these may be set in position ready to receive the centres 
from the first two completed spans, as soon as they can be shilied. The method 
of operation, and cost of moving the centres and supports has been very £ullyand 
carefully worked out, and liberal rates allowed for all items. 

. 463. Liberal provision is also made for timber staging on pontoons for carry-· 
ing centres and supports to position, and a large provision is made for special tackle, 
jacks, winches, rollers, etc., for placing the centres on the pontoons. The whole 
cost of all the plant enumerated above, after deducting very reasonable salvage 
values, together with cost of placing and removing, etc., has been debited entirely 
to the centering, and thence to the cost of the arch masonry. The cost of arch­
centering, thereby arrived at, works out to Rs. 44·5 per 100 cubic feet of ~ch 
masonry. 

464. The initial outlay tor plant required will be as follows :-

9 spans of centering for road-bridge arches complete .. } 
9 spans of centering for one rib of gate-bridge complete 
10 sets of bolts, plates, etc., for supports in lO feet piers 
2 sets of bolts, plates, etc., for 25 feet piers 
Timber stagings on 2 pontoons for centres and supports 
1 special-tackle, jacks, winches, etc. . • 

Total 

.. 

Ri. 

Rs. . 

3,09,600 

3,880 
1,140 

20,000 
30,000 

3,64,620 
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SECTION XVIII. 

Scientific Instruments, etc. 
465. It will be necessary to have the very finest theodolites for giving and • 

~heck:ing the main alignment of the barrage and the regulators. Masonry towers 
are provided on either bank for theodolite stations for this purpose, and the in. 
.atruments for these will be kept on them permanently till completion of the work. 

The following instruments will be required:-

2 12" micrometer theodolites for barrage alignment read­
ing to single seconds at £200 .. 

2 8" micrometer theodolites for regulator alignment reading 
to 2 seconds at £120 . . . . . . . . . . . . 

4 6" micrometer theodolites for general service reading to 
5 seconds at £75 

4 5" micrometer theodolites for general service reading to 
10 seconds at £67-10-0 

3014" Dumpy levels at Rs. 250 
2 16" Dumpy levels at Rs. 300 .. 
Staves, cross staves, flags, steel tapes, chains, measunng 

standards, umbrellas, prismatic compasses, binoculars, 
etc., say .. 

Drawing ~truments, boards, etc. 
Paper and materials 

SECTION XIX. 

Total 

Miscellaneous General Plant and Tools. 

Rs. 

6,000 

3,600 

4,500 

4,050 
7,500 

600 

6,250 
5,000 
5,000 

42,500 _ 

466. Under this heading is included all general plant appliances and tools 
:not es1rlmated in detail in the following sections, such as---

Lifting tackle, ropes, chains, jacks, winches, engines, hand 
pumps, sundry pumps, bollards, buoys, moorings,_ drills, 
taps, stocks and dies, orges, furnaces, girders, grindstones, 
weighing machines, tanks, tents, trollies, vices, etc., and 
all hand tools, etc. .. Lump sum say Rs. 10,00,000 

SECTION XX. 

467. Office Furniture required at a"l sites-

General Staff (Direction) 
General Works 
Power Supply 
Stores 
Audit and Accounts 
Medical and Sanitary 
Police 
Posts and Telegraphs 

Offices 

" 
" 
" ,. 
" 
" .. 

Maintenance and repairs at 5 per cent. per annum for 5 years. 

Total .. 

Rs. 
2,500 

15,000 
6,000 
4,000 
4,000 
8,000 

200 
300 

40000 
10,000 

----
50,000 
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SECTION XXI. 
468.-Estimate of Plant. 

11 .-Railway. 
Pennanent-way-

5'_6M gauge 
2'·0" .. 

Rolliog stock-' 
5'-6" Gauge .. 
Heavy repairs at RB. 6 per mont 

per vehicle, for I> years on 496 cars . 
h 

2'-0" gauge 
Heavy repairs at RB. 3 per vehicle pe 

month for Ii yeal"ll OIl 411 vehicles 
Locomotiv_ 

r 

· {j'·6Jr gauge .. . . .. . . . 
Heavy repairs on above at RB. 70 per mont 

per engine for Ii ye~rs on 12 engines 
h 

2'..0" gauge -
Heavy re]J"irs at RB. 30 per month pe 

engine for 6 years on 10 engines 

IIl.-Fleet. 

r 

i 

Estimated 
initial 
coSt. 

RB. 

13,70,800 
81,600 

20,66,000 

1,78,500 
2,93,000 

74,000 

3,12,000 

50,400 
80,00( 

21,600 

45,27,900 . 

An tici pa t­
edsalvage 

value. 

I B.s. 

6,85,000 
35,000 

10,00,000 

.... 
1,00,000 

Nil. 

40,000 

Nil. 
10,000 . 

Nil. 

18,70,000 

Included 
in rates or Net debit 
chart'ed to "PI.,nt." 

in Sen;ce 
, Works. 

I RB. RB. 

6,85,8001 NIl. 
· 46,600 Nil. 

Nil. I 10,66,000 
I 

Nil. 
I' 

1,78,500 I 
Nil. 1,93,000 

Nil. 74,000 

Nil. 2,72,000 

Nil. 50,400 
Nil. 70,000 

Nil. 21,600 

7,32,400 19,25,500 

2 dredgers 12,00,000 9,00,000, 3,00,000 Nil. 
2 paddle steamers 
2 steam tugs 
1 steam launch 
4 motor In unches 

· 2 motor lifeboats • 
Heavy repsirs and annual overhaUl on abov e 

at 5 per cent. per ann urn 01 original cos 
for 5 years, i.e., on B.s. 18,36;000 .. 

Pontoons and barges .. • 

t 

• 
Heavy repairs and annual overhaul at 3 par 

cent. per annum for 5 years 

IV.-Oranes. 
6 eleotric derrick cranes 
24 hand cranes .. 
4 electric loco. cranes .. 
2 00. 

· 

Repairs to above at 5 per cent. per annum 
for 5 yeam 

2 oJeatric Goliath cranes 
Repairs at 5 per cent. peraimum for 5 years . 

V.-Pumping Plant for Oofferdam.. 
40 sets 8" pump", motors, etc. 
Repairs at 1 per cent. per annum for 5 years. 

3,60,000 
1,80,000 

40,000 
50,000 
6,000 

4,59,000 
6,47,000 

97,000 

[ 
30,39,000 

2,40,000 
54,000 
40,000 
40,000 

93,500 
90,000 
22,500 

5,SO,000 

I,SO,OOO 
9,000 

------
1,89,0001 

2,40,000 Nil. 1,20,000 
1,35,000 Nil. 45,000 

20,000 Nil. 20,000 
20,000 Nil. 30,000 

3,000 Nil. 3,000 

Nil. Nil. 4,59,000 
3,00,000 Nil. 3,47,000 

Nil. Nil. 97,000 

16,18,000 3,00,000 II ,21 ,000 , 
, , 

1,80,000 · . 60,000 
27,000 · . 27,000 
20,000 · . 20,000 
20,000 · . 20,000 

I 93.500 .. .. 
45,000 · . i 45,000 

Nil. · . j 22,500 

2,92,000 · . 2,88,000 

1,35,0.)0 45,000 Nil. 
Nil. 9,000 N" , . 
----- -

1,35,000 54,000 Nil. 
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-
Included 

Estimated Anticipat- in rates 
-- initial ed or charg- Net debit 

cost. salvage edin to "Plant." 
value. Service 

Works. 

Ra. Rs. Ba. RB . 
. VI.-Pile Diiver8. 

34 sets of machines .. .. .. .. 5,04,000 2,52,000 2,52,000 Nil. 
Repairs at 2 per cent. per annum for 5 years. 50,400 Nil. 50,400 Nil. 

5,54,400 2,52,000 Z,02,400

1 

Nil. 
VIl.-Stone Orushers and OO'Ml'ete -

Mixers. 
Complete ;Plant .. .. . . .. 1,03,.850 20,000 83,850 Nil. 
Repairs at 5 per cent. per annum for 5 yeam. 25,960 Nil. 25,960 Nil. 

1,29,8101 20,000 1,09,810 Nil. 
VIII.-Maulds 101' B1nckl. 

Cost of moulds .. .. .. 1,60,000 10,000 1,50,000 Nil. 
Repairs at 3 per cen t. per ann um for 5 years. 24,000 Nil. 24,000 Nil. 

1,84,000 10,000 1,74,000 Nil. 
IX.-Ai, OompresS01'B and PnelJHMJic Tools. 

Outlay . 57,600 . 18,000 Nil. 39,600 .. .. .. . . .. 
Repairs at 5 per cent. per annum for 5 years. 14,400 .. .. 14,400 

72,000 18,000 .. 54,000 
X.-lJiving Gear and Apparatus 

Outlav .. .. .. .. .. '56,660 15,000 41,660 Nil. 
Repairs at 5 per cent. Perannum for 5 years. 14.160 .. 14,l60 Nil. . 

70,820 15,000 55,820 Nil. 
XI.-W01'k8hops. 

Plan t and erection . . .. .. 1,og,700 70,000 N,1, 39,700 
Repairs at 4 per cent. per annum for 5 years 

on Rs. 87,000 .. .. .. .. 17,600 Nil. Nil. 17,6QO 

1,27,300 70,000 Nil. 57,300 
XIl.-Water Supply Plant. 

Plant and erection . . .. .. .. 1,70,000 50,000 .. l,2€f,OOO 
Repairs at 4 per cent. per annum for 5 years 

on Rs. 1,00,000 .. ... .. .. 20,000 Nil. .. 20,000 -
1,90,000 50,000 .. 140,000 

xliI.-M01'tar Mills. 
Plan t and erection .. .. .. .. 1,00,000 60,000 40,000 Nil. 
Repairs at 6 per cen t. per ann um for 5 years. 30,000 Nil. 30,000 .. 

1,30,000 60,000 70,000 Nil. . 
XI V.-Disintegrators 

Plant .. .. " .. .. 13,000 3.000 10,000 .. 
Repairs .. .. .. .. .. 5,000 Nil. 5,000 Nil. 

, 
18,000 :1,000 15,000 .. 
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Included 
Estimated Anticipat- in rates 

- initial ed orcharg- Net debit 
cost. salvage edin to UPlant" .. 

value. Service 
Works. 

Ra • Ra. Ra. Ra. . 

XV.-Ekctric pOlJJef" Plant. -
Plant and erection . . . . .. · . 6,67,000 4,50,000 2,17,000 Nil. 
Repaire at 2 per cent. perannum for 5 years . 66,700 Nil. 66,700 .. 
Transmission linea . . . . . . · . 1,70,000 34,000 1,36,000 . . 

9,03,700 4,84,000 U9,700 Nil. 

XVI.-BiM Shut Piling. 
Piling .. .. .. .. · . 19,49,600 '9,74,800 Nil. 9,74,800 
Walings .. .. .. .. .. 60,480 40,480 Nil. 20,000 

20,10,080 10,15,280 .. 9,94,800 

XVll.-Arch Ce'lltrlllJ a1UlSupp0rt8. 
Trusses .. .. .. .. .. 1,72,800 1.29,600 43,200 Nil. 
Lagging .. .. .. .. .. 1,08,000 28.350 79,650 · . 
Bolts. plates. etc. · . .. .. · . 5,020 2,510 2.510 · . 
Timber staging on pontoons .. .. · . 20,000 7,000 13,000 · . 
Special tackle .. .. .. · . 30,000 10,000 20,000 · . 
Cylinders . . · . . . · . · . 28,800 4,050 24,750 

3,84,620 1,81,510 1,83,110 Nil. 

XVIll.-Bcie'lltift InstmmentB. 
8 Theodolites .. .. .. · . · . 14.100 13,000 · . 1,100 
4 do. · . .. · . · . 4,050 3,000 · . 1,050 
32 Levels ' .. · . .. · . · . 8.100 4,000 · . 4,100 
Sta ves, Cross staves, ta pes, etc. · . · . 6,250 1,250 · . 5,000 
Drawing instruments, boards, etc. · . · . 5,000 . 2,500 2,500 · . 
Paper and materials .. .. .. · . 5,000 . . · . 5,000 

42,500 23,750 · . 18,750 

IX.-MiscellGneous Plant a1Ul Too18 x · . 10,00,000 4,00,000 Nil. 6,00,000 

XX.-OjfoJe Furniture .. .. · . 40,000 ]0,000 · . 30,000 
Repairs tc.sameat 5 percent. per annum for 

5 years .. .. .. . . .. · . 10,000 . . · . 10,000 

50,000 10,000 · . 40,000 

Total .. 1,41,83,130 65,27,540 24.16,240 52,39,350 

Add.-Contingencies at 5 per cent. · . · . 7,09,156 3,50,000 · . 3,59,15& 

Grand Total · . 1,48,92,286 68,77,540 24,16,240 55,98,506 
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469. For comparison the corresponding figures for the Sukkur Barrage and 
the Sara Bridge (Completion Report figures) are given below, in both cases exclud­
ing the cost of repairs and contingencies :-

Included 
Estimated Anticipat- in raws 

-- initial ed or charg- Net debit 
cost. salvage ed in to··Plant. " 

value. Service 
Works. 

BalTage Project . . . . .. . . 1,28,99,410 65,27,540 21,91,020 41,80,850 
Sara Bridge Project .. .. .. .. 88,00,828 60,75,228 15,28,216 11,97,384 

.. -----. 

Thus it will be seen that the gross outlay on plant proposed for the Sukkur 
Project is about 40 per cent. in excess of that at Sara Bridge, and as prices have 
been increased about 40 per cent. over pre-war prices this meaus that the total 
amount of plant is about the same for each work. 
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. PART VIII. 

SERVICE WORKS .. 

·470. Sumrruvry and I fI.dez-,.. 

SIIOTION. Estimated 
C9st. 

. Rs • 
1 Railways 13,00,400 
2 Service Roads and Bunds .. - 53,000 
3 Water Supply .. .. 1,24,000 
4 Electric Power (cliarged iJi rates) .... Nil. 
5 Alignment Towers .. 40,000 
6 Pile Driving and withdrawing 4,77,664 
7 Wharves 40,400 
8 Cofferdams .. 48,000 
9 Pumping 17,00,000 

10 Stores Depot .. 57,000 
11 Carriage of Stores 2,93,000 
12 Lighting and fans ... .. 1,39,000 
13 Telegraphs and Telephones 33,820 
14 Dredging (charged in excavation) .. Nil. 
15 Core boxes and moulds for Block yards 2,14,000 

45,20,284 
A:cU-Contingencies 5 per cent. 2,26,014 

Total 47,46,298 

SECTI[ON I. 

Service railway on both banks (permanent-way and maintenance). 

471. 40 miles oj track, 5'-6" gauge-.:.-

Earthwork, laying, carriage to site may be taken 
Rs. 5,000 per mile . . • . 

Depreciation on permanent-way •• 
Maintenance for 5 years at Rs. 1,250 per year per mile 
Signallers' quarters, signals, stations, bufiers, etc., 

Rs. 1,000 per mile 

at 

at 

Page. 

141 
142 
143 
143 
143 
144 
146 
147 
151 
152 
152 
153 
153 
153 
156 

Rs. 

2,00,000 
6,85,800 
2,50,000 

40,000 

11,75,800 

472. 10 miles oj track, 2'-0· gaugl!r-

Earthwork, laying, carriage to site, rem!)ving and relaying 
may be taken at Rs. 2,000 per mile •. 

Depreciation on permanent-way 
Maintenance for 5 years at Rs. 600 per mile per year 
Quarters, signals, etc., at Rs. 500 per mile .. 

Rs. 

20,000 
46,600 
30,000 
5,000 

1,01,600 
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473. Engine sheds, etc.,. 5' _6w gaU1Je 0'Il each bank of rivfYl'-

1 engine shed, 100' X 30', at Rs. 5,000 .. 
1 ashpit, 60' long, at Re. 400 
1 loco. well, 8' diameter, at Rs. 1,800 
I lighting arrangement at Re. 300 

474. Engine sheds, etc., for 2.'-0." gauge on eaoh banlc-

I engine shed, complete with ashpit, loco. well and light-

Rs. 
10,00!) 

800-
3,600 

600 

15,000 

ing at Re. 4,0.00. • • • . . • 8,00Q. 

Total 13,00,400 

SECTION II. 

475. Service roads and bunds-

A lump sum provision of Re. 20,000 is made 
for roads plus Rs. 5,0.00 for maintenance 
during 5 years .. 

The temporary bunds required will cost .. 
Add-Maintenance for 5 years 

476. "Details of cost of temporary bunds-

(a) New bunds Top R.L. 202'0.. 

Rs. 

25,000-
*25,242 

2,758 
28,00Q. 

Total .. 53,000. 

Average ground 197'0 area=44X5=22o. 
square feet. 

(b) Widening old bunds 

Righ' Banlc-

Top R. L. 202' O. 

Average ground 197'0 area=26X5=13o. 
square feet. 

Newbunds-

Length. Area. C. ft. 

500 X 220= 110,000 

1,700 X 220= 374,000 

Widening old bunds-

1,200 X 130= 156,000. 

1,500 X 130= 195,000 

835,000 
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New bunds-1 
400 X 
600 X 

3,400 X 

220= 
220= 
220= 

Ra. 
88,000 

132,000 
748,000 

Ra. 

968,000 

Total .. 18,03,00() 
cubic feet. 

Cost of 18,03,000 cubic feet at Rs. 14 per 1,000 cubic feet=Ra. 25,24Z 

SECTION III. 
477. Water Supply-

Treating water 
Electric power for pumps 
Pump drivers and attendants 
Oil and waste, etc. 
Temporary watering arrangements, plant, 

tion and working for 12 months .. 
Settling tanks and maintenance 
Maintenance tanks and stagings 
Fire Protection Chowkidars 
Maintenance of pipe lines, hydrants, etc. 

SECTION IV. 

.. 
material, erec-

Rs. 
3,00!) 

70,00o. 
9,00o. 
1,00o. 

25,000 
6,000 
4,000 
4,00o. 
2,000 

1,24,000 

478. Oost of Electric Power.-The average co~~ of producing electric power' 
at the Sara Bridge Works (Calcutta side power 4ouse) was about 2' 67 annas 
per unit: This cost included depreciation charges on plant, put down as 
Rs. 23,736 on plant costing Rs. 2,01,005. Had this plant been sold under 
normal conditions it would not have realized more than 50 per cent. of cost 
price, and depreciation charges would have been increased by about Rs. 76,000 
and the unit rate would rise to about 3'4,annas per unit. 

Allowing for the general rise of prices we may assume that it will cost not 
less than 4 ann as per unit to produce power at Sukkur., The cost of power 
supplied for working cranes, mortar mills and other plant whose working charges 
are not charged separately, is included in the rates for setting concrete blocks 
laying masonry, etc., and hence no separate estimate is required oi, total cost 
of producing electric power. 

SECTION ,Vo 
479. Alignment Towers-

On right ba~-

Two towers for gate bridge alignment, 50' high, at Rs. 5,000. 
One " .. road bridge " 30'" at Rs. 3,000. 
Two " " regulator "30',, at Rso 3,000. 
Line of sight towers 0 • •• 

Total .0 Rs. 

Ra. 
10,001) 
3,000 
6,001) 
1,000 

20,00o. 
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SECTION VI. 

Cost of Pile Driving. 

. . 
Total •• Rs. 

Rs. 
20,000 

40,000 • 

480. On the North Platte Irrigation Project (see Engineering Record, 27th 
June 1908) the cost of driving piles was as follows:-

. Depreciation of plant 
Labour •• 

Per foot depth of pile • 
.. $ 0'016=0'8 annas. 
.. $ 0'067=3'35 

Coal and oil (coal 5' 5 per ton) .. $ 0'012=0'6 

481. For Sukkur Barrage-

Total annas .. 4'75 

Rs. 
3,02,400 

Per foot depth of pile. 

Take depreciation and repairs ------ = Rs. '165=2'6 annas. 

_ Coal and oil or electric power 
For Labou~-

25,00,000X '75 
•• Double 1'2 

Pile driver would require following crew for each shift :­
On 

1 Mistri 
1 Driver 
1 Stoker 

.. 
•• .. 

Rs. 
150 
75 
40 

2 Coolies for fuel 50 
7 " for handling 210 

Rs. 525 per mont}!. per shift 8 hours 
or Rs. 1,050 for 2 shifts. 

482. 0'/1 Platte River one pile driver drove-
25 piles 22' in 12 hours=one pile 46 feet deep per hour (60 square feet). 

At Sukkur 2 shifts of crew would work 16 hours a day for 26 days per 
month=say 400. hours per month . 

• ". Cost of laboUr 1,050=2' 625 Rs. per hour. 
2'625X 16 annas • 

• '. Cost of labour for driving per foot depth of pile= ---'--
. 46 

=' 915 annas per foot of pile. 
=Say 1 anna. 

483. Cost of moving piles from rail to pile driver--
This may be taken at 12 annas per ton . as sections are easily handled. 

Weigh(of pile 8lId clutch=55 lb. per foot depth (431b.Jsquare foot). 
55X12 

... Cost per foot depth for moving= = . 3 annas. 
2240 
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484. Hence total cost of driving:-piles-

Depreciation 
Coal and oil 
Labour ~ 
Moving to site 

•• .. 

Per foot of pile. 

•• 2-6 annas. 

.. 
•• 1'0 .. .. ' " -

5' 1 annai! per foot depth. 

But every 3 piles with 3 clutches makes 4' width. 

Hence 3 feet depth of one pile (and clutch) makes 4 square feet • 

. '. Cost of driving per -square foot =1 X 5·1 annaa. 

. 3 . 82 annas per square foot. 

Say 4 annas per square foot. 

485. For withdrawing and removing pile to yard, take same rate as 
above, 4 annas. 

486. Tot.al cost of driving, withdrawing and moving per square foot of 
piling=8 annas. 

Pile Driving and withdrawing. 

For all temporary piling in cofferdams and wharves. 

487. Driving piles at 4 annas per square foot-
Rs. 

1st year's work in cofferdams, 221,185 square foot 55,296 

" " " wharves, 90,600 .. 22,650 
2nd 

" " 
" cofferdams, aU,565 

" 77,891 
3rd " " " " 

172,740 
" .. 43,185 

4th " " " " 
159,240 

" . 39,810 

Total for driving .. 2.38,832 

488. Withdrawing piles at 4 annas per square foot-

Sq. ft. 

1st year's work in cofferdams 221,185 

2nd 
" " " 

311,565 

3rd .. .. .. " 
172,740 

4th 
" " !' " 

159,240 

.. .. .. .. wharves 90,600 

Total for withdrawing, 955,330 
2,38,832 

'89. Total for driving and withdrawing •• - 4, 77,664 
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SlIicnON VII. 

Wharves. 

Abstract. 

490. Wharves for l,(Jading and unloading-

120,800 square feet steel sheet piling at Rs. 4 per 
square foot 

106 tons walings at B.s. 160 per ton 

B.s. 

•. 4,83,200 
16,960 

90,600 square feet driving and withdrawing piles 
at 0-8-0 per square foot • • 45,300 

1,288,000 cubic feet earth filling inside at B.s. 12 per 
1,000 cubic feet • • •• • • • • 15,456 

41,800 cubic feet metal on top at Rs. 8 per 100 cubic 
- feet 

270,000 cubic feet loose stone pitching ... . . 
3,344 

21,600 

Total cost 6,85,860 

491. Deducb--

(i) PrOVISIOn made under Plant, Section XVI, 
Piling, 120,800 square feet •• 4,83,200 
Walings, 106 tons •••• 16,960 

--- 5,00,160 

(ii) Under Service Works, Section VI, 
- Rs. , 

Driving piles, 90,600 square feet 22,650 
Withdrawing piles, 90,600 square feet 22,650 

45,300 

Rs. 

'0,85,860 

Deduc:-Total 5.45,460 5,45,460 

492. Net amount charged in this section 

Measurement. 

493. 1. Universal steel sheet piling required­

1 front row A, 350 X 40 
8 cross rows B, 100X40 
2 ends C, 50X40 
2 ends D, 30X40 
4 cross Piles E, 50 X 40 .. .. 

Sq. ft. 
14,000 
32,000 
4,000 
2,400 
8,000 

60,400 

For another wharf on the other bank •• 60,400 

494. . 2. Driving and drawing piles-
• • • • • • 

Say ith (If. ~4ll._above •. 

40,400 

Sq. ft. 

1,20,800 

90,600 
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495. 3. Walings. 

15·X5" R. S.- beams. 

4 front 350 
8 sides 50 · . 
8 50 •• 
8 20 
8 30 • • 
8 50 • • 

For another wharf on the other bank 

SECTION VIII. 

Cofferdams, 

Abstract. 

496. Piles provided /0'1' cofferdams. 

Running 
feet. 

1,400 . . 400 
400 
160 
240 . , 400 

3,000 

•• 3,000 

6,000 running feet at 
39'5 lb. per 
foot run=106 
tons. 

Rs. 
366,600 square feet Universal steel sheet piles at Rs. 4 per square 

foot . . •. •• • . . . . . 14,66,400 
272 tons Walings, 15" X 5· beams at Rs. 160 per square foot 43,520 

Provided for under Plant, Secrtion XVI, 

497. Driving and wit1uJJrawinig piles-

221,185 square feet 1st year at As~ 8 per square foot 
311,565 2nd 

" 
at As. 8 

" " 172,740 3rd 
" 

at As. 8 
" " 159,240 4th " at As. 8 
" " 

Provided for under Service works, Section VI. 

498. Loose stone pitching-

320,000 cubic feet 1st year at Rs. 8 per 100 
140,000 2nd " at Rs. 8 " 100_ 
140,000 3rd " at Rs. 8 " 100 

499. Net total charged to cofferdams in this section 

Total 

.. 

.. 

Total •. 

15,09,920 

Rs. 

1,10,592 
1,55,782-

86,370 
79,620 

4,32,364 

Rs. 

25,600 
11,200 
11,200 

48,000 

48,000 
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T~mporary Steel Sheet Piling. 

Measurement. 

(See Drawing No. 71.) 

500. First yea;r's cofferdams. 

Note I.-Outer row of piles will have top at R. L. 195 and will be driven from 
R. L. IB2 to R. L. 155. Their lengths will be 40 feet and they will be 
driven 27 feet. 

Note 2.-Pumping trench piles will have top at R. L. 176 and bottom at R. L. 
156. Their lengths will be 20 feet and they will be driven 20 feet. 

501. Right Bank--Temparary steel sheet piling--

Top at R. L. 195. Bottom R. L. 155. Length 40 feet. To be driven IB2-
155=27 feet. 

Outer piling 400 running feet. 
440 
415 
610 

1,0BO 

2,945X40'=1l7,BOO square feet.; 

Pumping trench-Top R: L. 176. Bottom R. L. 156. Length, 20'. To 
be driven 20'. 

Right Bank. Total 

51>2. Left Bank--

Pumping trench 

Left Bank. Total 

450 running feet. 
400 
500 

1,350 X 20=27,000 square feet. 

1,44,BOO 

515 running feet. 
205 
560 
610 

1,320 

3,210 X 40=12B,400 square feet. 

600 running feet. 
530 

.270 

1,400X20 =28,000 square feet. 

156,400 

Total riling in 1st season 

Sq. ft. 
144,800 

156,400 

301,200 
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Right Bank-Outer row 
Pumping Trench. 

2,945X27 '.' 
1,350X20 
3,210X27 
1,400X20 

Left Bank-Outer row 
Pumping Trench. 

504. Second Year' 8 Cofferdams­

Barr~e-

Outer row 

Pumping trench 

-005. Regulators Right Bank-

Outer row 

Pumping. trench 

-606. Left Bank Regulators. 

Outer row 

1,570 rnnning f~t. 
540 

1,570 
. 540 

4,220X40= 

1,290 running feet. 
ISO 
180 

1,290 

2,940X20= 

300 running feet. 
380 

'. 760 
200 

1,640X40= 

50 running feet. 
180 
690 

920X20= 

270 nmning feet. 
415 

1,150 

. Total 

1,835X40= 73,400 

Pumping trench •• 50 running feet. 
180 

1,100 

1,330X20= 

"Total piles 2nd season square feet . . 
26,600 

•• 

Sq. ft. 
79,515 
27,000 
86,670 
28,000 

221,18/) 

Sq. ft. 
168,800 

58,800 

65,600 

18,400 

311,600 

1,00,000 

4,11,600 
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507. Driving and pulling out piles. 

Right Bank, Barrage-
Outer r.ow, 4,220X27= 
Pumping Trench, 2,940x20= 

113,940 square feet. 
58,800 

Regulator- ' 
Outer row, 1,640X27= 

. Pumping Trench, 920 X 20= 
Left Bank. Regulatore-

Outer row, 1,835X27= 
Pumping Trench, 1,330x20= 

Total 2nd season pile ~riving 

Third Year's Oofferdams. 

44,280 
18,400 

49,545 
26,600 

508. Barrage­
Outer row 1,570 running feet. 

540 

Pumping trench 0.0 

1,570 
540 

4,220 X 40= 

00 1,290 
180 
180 

1,290 

2,940 X 20= 

Total piling, 3rd season's work " 

509. Driving and drawing out piTes-

Outer row, 4,220X27= 
Pumping trench, 2,940 X 20= 

168,800 

58,800 

Sq. ft. 
113,940 
58,800 

3,11,565 sq. ft, 

2,27,000 sq. ft. 

Total pile driving, 3rd season work " 1,72,740 sq. ft . 

. Fourth Year's Oofferdam. 
510. Barrage­

Outer row .. 

Pumping trench .. 

'rotal piles, 4th season 

1,320 running feet. 
540 

1,320 
540 

3,720 X 40= 148,800 square feet. 

1,110 running feet. 
360 

I,UO 
360 

2,940X20= 58,800 

2,07,6~0 sq. ft. 
---
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511. Driving and Pulling out Piles.- sq. ft. . sq. {to 

Outer row, 3,720X27 100,440 
Pumping trench, 2,940X20 58,800 

. Total pile driving, 4th season, square feet : 159,240 

612. Note.-It is only necessary to provide sufficient piling fO-r cofferdams 
to make the walls of the 2nd season's cofferdams, plus the quantity necessary 
to make 'the p~mping trench in the 4th season's cofferdam. (See paragraphs 
323 to 325. 

i.e., 2nd season' B 40' piling 
4th " 20' ,,-

307,800 square feet. 
58,800 " " 

Total provided 366,600 

513. WaUngs requireilr-

Right Bank 
Left Bank .. 

· . 
· . 

Fit'st Y.ear. 
2 2,945' 
2 3,210' 

Second Year . 
. Right Bank­

Barrage 
Regulator 

LeftBank .. 

Barrage · . 

2 4,220' 
2 1,640' 
2 1,835' 

Third Year. 
2 4,220' 

Fourth Year. 
Barrage . . . 

514. Walings provided for-

15" X 5" joists 
(required for Second Year) 

2" 3,720' 

15,390 feet at 39' 5 lbs. per ft. 272 tons 

515. Loose Stone Pitching. 

long 

" 

long 

" .. 

long 

" 

Round 1st Year's Cofferdam 
2nd 

" " 3rd 
" " 

2X800' X 50' X4' 
1 X700'X50' X4' 
'i X 701/X 50' X4' 

SECTioN IX. , . . . Oost of Pumping in Oofferdams • 

5,890' 
6,420' 

8,440' 
3,280' 
3,670' 

8,440' 

7,440' 

" " 

12,310' 

15,390,} 
M&ximutn 

requirt.tl. 

8,440' 

7,440' 

272 tons. 

C. ft. 
= 32,000 
= 14,000 
= 14,000 

60,000 
cubic feet. 

516.' . This item being a very large and uncertain one, cannot be i):tcluded in 
the-rates for masonry, excavation, etc.,.and hence is estimated separately here. 
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Assuming that all pumping units are 8" pumps (less efficient than 10" pumps), 
the total number of pumps working during whole period of construction will be 
90-8/1 pumps (see paragraph 370, Section IV, Part VI) Assuming they all 
work for the full pumping season of 150 days, there will be-
- 90 X 150 X 24 pumping hours 

=324,000 pumping hours. 

517. Assuming all pumps work under the full head (35' including friction 
allowances) and that at this lift an 8/1 pump requires 25 B.H.P., the cost per 
month (30 days) for one pump may be taken as-

Electric units, 25 X '746 X 30 X 24=13,420 at 4 annas 
Oil waste, etc. 
Attendance 
Depreciation on pump and 1 40 per cent. on 4,500 1,800 

Rs. 
3,355 

30 
50 

motor ~ = --- = 90 
4 years, 5 months per year J 5 X 4 20 

~paITs 20 
Fitting up pontoons an~ moving 155 

or cost per hour per pump 
3,700 

Per month total 

= -.- =Rs. 5'14 
30X24 

Rs.· 3,700 

.'l18. The to!al pumping hours are estimated at 324,000 hours. 
Therefore total cost of pumping=324,000X5'14 

=Rs.16,65,000 
say Rs. 17,00,000. 

SEcr)ION X . 
.'l19. Service Stmes Dep6t. 

Maintenance of sheds, etc. . . 
Lighting arrangeme~ts 
Sorting and stacking plant and stores 

SECTION XI . 
.'l20. Local Garriage of StO'T'es-, 

Rs. 

Rs. 
5,000 
2,000 

50,000 

57,000 

Rs. 
Labour in depots, 60 months, at Rs. 1,700 per month 1,02,000 
Cost of maintaining 20 trucks for 60 months, at Rs. 20 per month 24,000 
Working and main~nance of locomotives 60,000 
Handlinll lltores • • 40,000 
Demurrage charges 30,000 
Working launches •• 8,000 

" steamers • • • • 13,000 

" cranes (electric po,,:er, etc.) 9,000 

Drivers and cleaners, etc. • •. . . 2,000 

Out-Agency staff at Sukkur and Rohri stations ... .. 5,000 

Rs . .. 2,93,000 
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SECTION XII. 

521. Lighting and Fa'M--Bungalows and Offices:-
• 

Wiring, etc., for bungalows and offices 
Plugs, switches, etc. . , . , 
Shades, pendants, wall brackets, etc. 
House lamps 
Ceiling fans 
Desk fans 

.. 

Rs. 
5,000 
3,000 
3,000 
2,000 

10,000 
5,000 

Erection and wiring 7,000 
Repairs and maintenance for 4 years 4,000 
Consumption of current including arc lamps on works and roofs, 

400,000 units, at 4 annas per unit 1,00,000 

Rs. .. 
SECTION XIII. 

522. Telegraphs and Telephones-Both Banks and Quarries-

Hire of telephone instruments Nos. 20 at Rs. 4-8-0 per month per in-
strument for 5 years .• 

Hire of telegraph instruments Nos. 6 at Rs. 4-8-0 each per month for 
5 years 

Special exchange wiring 
Hire of telegraph wire, 40 miles at Rs. 2 per mile per month for 5 years 
Hire of telephone wire, 50 miles, at Rs. 2 per mile per month for 5 years 
Cost of cable under river including repairs and renewals 

SECTION XIV. 

Cost of Dredging. 

523. For aetails of dredgers, see Appen!lix K. 

1,39.000 

5,400 

1,620 
.4,000 
4,800 
6,000 

12,000 

33,820 

I estimate the annual working expenses of each dredger, approximately, as 
follows:- -. 

Dredge Master 
lBt Engineer 
2nd " 3rd " 4th " 

at Re. 600 per month 

" " 500 " " 
" " 

350 " " 
'J " 200 " " 
" " 150 " " 

Per annum. 

I Rs. 

7,200 
6,000 
4,200 
2,400 
1,800 

21,600 
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Crew of 40 men at average of. Rs. 40 per month 
Coal 5 tons per day of 12 hours at Rs. 15 per ton .(or equivalent in oil 

. . fuel) 260 days per annum 
Oil, waste, etc., at Rs. 400 per month 
Annual overhaul, painting, etc. 
Interest at 6 per cent. and. depreciation at 5 per cent. on £40,000= 

Rs. 600,000 .• 

Rs. 

19,200 

• 
19,500 
4,800 

25,000 

66,000 

Total per annum 1,56,100 

or per working day, 260 days per annum=156,100=Rs. 600 per day of 12 hours. 

260 

As they are to dredge 7,000 cubic feet 'per hour or 12 X 7,000=84,000 cubic 
feet per day of 12 hours. 

The cost of dredging per 1,000 cubic feet will be Rs. 600, 

say Rs.8 per 1,000 cubic feet (see note below) . 

. -- =Rs. 7-15. 
84 

. This is for any lead up to 1,000' and any lift upto 30' + 25'=55'. 

524. If" the excavation .in· cofferdams could be done by hand, the average 
lead would be about 200' and the average 1ift about 15'. This is equivalent to 
lead only of 200+15 X 12=380'. The rate for dry excavation with this . lead, by 
hand work, would be not less than Rs. 9-5-0 per 1,000 cubic feet (see page 47 of 
Rohri Canal Project 1909, Volume 6) to which Dr. Su=ers added Rs. 3 for wet 
excavation. Hence the rate would have been not less than Rs. 12-5-0 in 1909. 
At present rates of labour it would probably be not less than Rs.15 per 1,000 
cubic feet. In addition to this would be the very heavy charge for pumping 
during the whole time excavation was in progress. The cost of pumping would 
come to about Rs. 7 per 1,000 cubic feet (if every man possible were crowded into 
cofferdam, and work continued day and night), so that the total cost of hand 
excavation would be aboutRs. 22 per 1,000 cubic feet, as against Rs. 8 per 1,000 
cubic feet estimated ali the cost of dredging, or a saving of Rs. 14 per 1,000 cubic 
feet by dredging. The total quantity of dredging to be done in all cofferdams 
and for the divide walls, etc., is estimated at about 52,000,000 cubic feet, so that 
the saving by substituting dredging for hand labour comes to 52,000 X 14=Rs. 
7,28,000 on this item alone, or more than the estimated cost of one dredger. 

525. Besides this work the dredgers will probably be of great use in excavat­
ing the toe of river banks for the guide bank slopes and for laying the protective 
apron. 

There is also an enormous quantity of excavation to be done in wideninR and 
deepening the e~ting head of .the Eastern Nara Supply Channel, all which can 
be done by the dredgers under-cutting the banks and dredging from the bed. To 
do this by hand would necessitate closing the supply channel throughout one 
col4. weather, and thereby stopping all rabi cultivation on -the Jamrao Canal. 
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This ih'm alone would pay for the cost of the ·dredgers, apart from the fact that 
one dredger will be useful for permanent maintenance of the Eastern Nara, and 
the other for sundry work on the river in clearing the heads of inundation canals. 

526. The actual estimated cost of dredging is included in the estimates under 
" Excavation". 

Note on Rate taken for ea;cavatWn by dredgers. 

527. If dredgers are used only for the barrage 1at 7,000 cubicfeet per hour. 

Total work in eaih year- lat 84,000 " "day. 

1st year . . ·16,404,893 c. ft. 196 days' work • 
2nd " 14,398,776 

" 171 " 
3rd 

" 11,374,800 ". 136 
" 4th 

" 10,448,700 
" 

125 
" 

52,627,169 
" 628 days' work in4 

years. 

It is presumed that the dredger will work 260 days per year, i.e., 22 days each 
month and so 628 days actual work will mean 628 

- - =28! months, say 29 months, 
22 

or 14t mon~hs fo~ ~ach ~~edger. 

If no other work is found for the dredgers the cost for four years will be-

For two dredgers. 

(1) Dredge Master and Engineers' two dredgers, for four years at 
Rs. 21,600 

(2) Dredge Crew of 40 men, four years, at Rs. 19,200 
(3) Coal, 5 tons per day of 12 hours for each· dredger, for 628 days 

in all at Rs. 15 per ton 

(4) Oil waste in 29 months at Rs. 400 per mensem 
(5) Annual overhaul, 29 

--X 100,000 
48 

(6) Interest at 6 per cent. on Rs. 12,00,000; cost of two dredgers 
(7) Depreciation at 5 per cent. on Rs. 12,00,000 for four years 

Rs. 

1,72,800 
1,53,600 

47,100 

11,600 

60,000 

2,88,000 
2,40,000 - .... ~-

Total Rs. 9,73,100 

which is the actual cost of 52,627,169 cubic feet of excavation. Hence the rate 
would be, if dredgers do only Barrage work, Rs. 18-7-0 per 1,000 cubic feet. 

528. But if full work is found for the dredgers, cost win be-

2 dredgers for 4 years at Rs. 1,56,100 per year=Rs. 12,48,800. 

Total work done will be-

2X4X260X84,000 cubic feet .. =174,720,000 cubic fept 
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out; of which 52,627,169 cubic feet is provided for the Barrage. I 

Leaving 122,092,831 cubic feet 
of work which will have to be found fbr these dredgers to reduce rate from 
Rs. 18-7-0 to Rs. 7-3-0. 

529. Note.-The approximate quantity of earthwork in widening the East­
tern Nara Channel from mile 4 to 12-

210 X 16 X 40,000=134,400,000, cubic feet and this will provide enough 
work for the dredgers, during the period they are not required at the Barrage. 

The dredgers can pass in and out of the Eastern Nara Channel each year 
through a cut by the side of the new head regulator, which cut can be closed, by a 
row of sheet piling or earthen bund if necessary. The rate for barrage excava­
tion is therefore taken as Rs. 7-3-0, say Rs. 8 per 1,000 cubic feet. . 

Service Works. 

SECTION XV. 

530. Mtndds and Gcne boxes fcn Blockyard­

On Sukkur Side-

Core boxes •• 
Moulds, depreciation and repairs •. 

Same on Rohri Side 

.. .. 
... 
Total Rs. .. 

Rs. 
20,000 
87,000 

1,07,000 
1,07,000 

2,14,000 
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PART IX. 
, , , 

EstabJ,i~ J:!mcn1;. 

SECTION I. 

The Staff and Divisions required for Barrage Oonstruction. 

1 Division. Direction. 
1 SuperintendIDg Engineer (Engineer· in-Chief). 
1 Executive Engineer as Personal Assistant. 
1 Assistant Engineer as Personal Assistant. 
1 Assistant Traffic Superintendent as Personal Assistant, Rs. 500. 

11 Division. River Works (Barr;Ye Proper). 
1 Executive Engineer. 
2 Assistant Engineers. 

. III Division. Right Bank WO'I'ks.-Regulators and Guide Banks. 
1 Executive Engineer. 
1 Assistant Engineer. Regulators. 
1 Assistant Engineer. Guide Banks and PerIllanent way. 
1 Assistant Engineer. Blockyard and Materials. 

IV Division. Left Bank Works. 

1 Executive Engineer ~As R' ht B nk 
3 Assistant Engineers; on 19 a. 

V Division. Quarries and Stone Supply. 
1 Executive Engineer. 
2 Assistant Engineers (one at each quarry). 

VI Division. Power Supply, Workshops, Fleet and Loco. and Oarriage. 
1 Executive. Engineer. 
2 Assistant Engineers, (Electrical). 
1 Assistant Engineer. (Workshops, Loco. and Carriage and Water 

Supply). 
1 Assistant Engineer. (Fleet). 
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VII Division. Stores. 
1 Chief Storekeeper. (Executive Engineer). 
1 Assistant Storekeeper. 

VIII Di1Jiswn. ACClJUnts. 
1 Examiner. (Executive Engineer). 

IX Division. Medical and Sanitary. 
, 1 Chief Med.ical Officer (Captain, I.M.S.'. 

I Assistant Surgeon. 

SECTION II. 

Technical Establishment. 

1 Division. Direction. 

1 Superintending Engineer 
1 Executive Engineer 
1 Assistant Engineer 
1 Assistant Traffic Superintendent 
1 Upper Subordinate 
1 Lower Subordinate 
2 Menials at Rs. 15 

Tra.ffic Sub-Division. 

2 Subordinates at Rs. 200 
4' Menials at Rs. 15 

Total for Division 

II Di1Jisirm. River Works (Barrage Proper). 
1 Executive Engineer 

Sub-Di1>ision. Lime Bupply. 

1 Assistant Engineer 

SECTION. 

Supply, 1 Upper Subordinate 
Kiln, 1 ,; 

Grinding 1 " 
Testing 1 " 
Menials 4 

Total for Sub-Division· 

Sub-Division.Rive:r Works, 

1 Assistant Engineer .. . . 

. '. 

Ra. 
2,500 
1,250 

800 
600 
200 
60 
30 

Rs. 
400 
60 

5,900 

.. 1,250 

Rs. 
800 

Rs. 
200 
200 
200 
200 

60 

1,660 

Rs. 
800 
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Pile driving, pumping, arch 
centres, cranes 

Dredging and hand excavation. 
Pile driving and pumping 
Masonry .. 

Centering and block laying 

Divers 
Menials 

III Divi8ion. RiglU Bank Worlc.~. 

1 Executive Engineer •• 

UI9 

2 Mechanical Foremen 
1 Upper Subordinate 
1 Lower " 
2 Upper' 
2 Lower 
1 Upper 
2 Lower 
16 at Rs.150 
29 at Rs.15 

" 
" 
" 
" 

Rs. 

600 
200 

60 
400 
120 
200 
120 

2,400 
435 

Total for Sub-Division 5,335 

Total for Division 8,245 

1,250 
SUb-Di'lJi6ion. Blockyard and Material Supply-
1 Assistant Engineer •• 800 

SEOl'ION. 

Crusher and Sand and Surkhi 
Supplier 

Moulding 

Stone Supply and dressing 

Transport 'and stacking and 
marking 

Menials at Rs. 15 

Sub-Division. Regulator Works. 

1 Assistant Engineer 

SEOl'ION. 

Pile and pumping .. 
Dredging and excavation, 

and pumping 

Masonry .. 
Menials at Rs. 15 

1 Upper Subordinate 
1 Upper " 
1 Lower 
1 Upper 
1 Lower 

1 Lower 
6 

" 
" 
" 

" 

'200 
200 
60 

200 
60 

60 
90 

Total for Sub-division 1,670 

2 Mechanical Engineers 

1 Upper 
1 Lower 
2 Upper 
2 Lower 

10 

Subordinate 

" 
" 
" 

.. 

•• 

800 

600 

200 
60 

400 
120 
150 

Total for Sub-Division 2,330 

SUb-Divishm. Guide Banks and Permanent Way.­

I AASistant Engineer " 800 



SECTION. 

Earthwork 

Stone pitching, "laying 
transport 

Stone Apron 

Bunder Wall 

Maintenance of buildings 

Permanent way 

Menials at Rs. 15 

160 

.. 
and 

.. 

IV Division. Left Bank Works. 

1 Upper Subordinate 
2 Lower 

" 
1 Upper .. 
1 Lower 

" 1 Upper 
" 1 Lower .. 

1 Upper 
" 

1 Lower 
" 

1 Upper 
" 

1 Lower 
" 

1 P. W. I. 
2 Lower Subordinates 

14 

Total for sub-bivision 

Total for Division 

Same as Right Bank Works Division 

V Division. Quarries and Stone Supply. 
1 Executive Engineer 

Sub-Diviswn. Aror QuarT1J. 
1 Assistant Engineer 

SECTION. 

Stone quarrying and measurements 1 Upper Subordinate 
Collection and despatch 1 Lower 

" Dressing 1 Upper 
" 

1 Lower 
" Plant •• 1 'Mechanical Foreman 

Menials at ItS. 15 5 

Total for Eub-Division 

Sub-Divis-wn. Kalka Quarry. 
1 Assistant Engineer .. 1 

• 
SECTION. • • J Total for Sub-Division 

Same as above 
Sub-Division. Permanent Way and Transport. 
1 P. W. I. 
2 Menials .. 
2 Rections each 

.. .. 
•• 2 LOwer Subordinates .. 

2 Menials 

Rs. 

200 
.. .120 • 

200 
60 

200 
60 

200 
60 

200 
60 

200 
120 
210 

2,690 

7,940 

7,940 

1,250 

800 

200 
60 

200 
60 

200 
75 

1,595 

.. 1,595 

.. 
120 

30 

200 
30 

150X2 300 

Total for Sub-Division 530 

Tfltal for Division 4,970 
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l"l DiviBWn. Power Supply. Workshops. Fleet. Looo. aM Carriage. Rs. 
1 Exeoutive Engineer. . . •• .-. . 

Sub,DiviBWn. Power Supply q,nd Distribution Left Bank. 

1 Assistant Engineer (Electrical) 
2 Ele.ctrical Engineers in Power House 
1 Upper Subordinate transmission 

3 Lower" " .. 
6 Menials at Rs; 15 •• 

Rs. 

800 
400 
200 
180 

90 

Total for Sub-Division 1,670 

Sub-DiviBWn. Power S,!,pply and Distribution Right Bank. 

1 Assistant Engineer (Electrical) • : 
AB above ••• . •. .. 

Rs. 

800 
870 

1,250 

1,670 

Total for Sub-Division 1,670. 

Sub-Division. Workshops, Looo., Carriage and Water Supply. 

800 
400 
200 
300 
200 
300 
200 
100 
150 

1 Assistant Engineer 
1 Works Manager 
1 " 1 Loco. Foreman 
1 " 1 Carriage and Wagon 
1 " 

.. 

1 MechanicM Engineer for water mains-
10 Menials at Rs. 15 •• • • • . 

Total for Sub-Division.. 2,650 

Sub-Division. Fleet. 

1 Assistant Engineer (Marine Superintendent) 800 

SECTION. 

Fuel Supply 
Repairs 
Ship Stores 
Menials 

1 Upper Subordinate . . 200 
1 Mechanic 200 
1 Subordinate .. 200 
3 45 

Total 645 
645 

Total for Sub-Division.. 1,445 

1,670 

2,650 

.1,445 

VII Division ... Slores. Right Bank. 

1 Chief Storekeeper 

Total for Division 

.. 1,250 

8,685 
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Sub-Division •. 
Rs. B.s. 

Purchases .. • • 1 Assistant Storekeepe~ 20Q 
Stock I Storekeeper " 80 
Issues 1 Sto.rekeeper " 180 

2 Storekeepers 100 
Audit 1 Stock Accounts Clerk 150 
Menials 6 90 

Tota for Sub-Division •. 700* 

Sub-Division Left Bank Section. 
70() 

1 Storekeeper 800 
Stock 1 Assistant Storekeeper 100 
Issue 

" 80 
2 Menials 30 

Quarries Section. 

Stocks and Issue 1 Assistant Storekeeper. 80 
1 Menial 15 

Total for Sub-Division .. 1,105 
1,105-

Total for Division 3,055-

VIII Division. Audit and Acrounts. 

1 Examiner 1,25(} -IX Division. Medtical and Sanitary. 

1 Chief Medical Officer ... 1,25() 

Right Bank. Medical. 
Rs. 

I Assistant Surgeon 250 
1 Sub-Assistant Surgeon 75 
3 Compounders .. 120 
3 Dressers 90 
1 Laboratory Assistant .. 60 
1 Hospital Cook 25 
2 Hospital Orderlies .. 1 
1 Waterman .. t 96 
1 Peon .. 
2 Khalasis .. ) 
6 Ward Coolies at B.s. 16 .. 96 
6 Sweepers at Rs. 15 90 

Total Medical .. H 902 
--- 90Z 

• Tbil should rood 800. 
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Sanitary and Water Supp~y. Station and Oooly Lines. 
Rs. Rs. Rs. 

1 Sub-Assistant Surgeon 75 
. 2 Overseers 150 
3 Havildars at Rs. 25 75 

40 Sweepers at Rs. 15 . . .. .. 600 
3 Kha'asis at Rs. 15 .. 45 

Total Sanitary 945 
945 

Total Right Bank 1,847 
1,847 

Left Bank. Medica'. 
1 ASsistant Surgeon 250 
1 Sub-Assistant Surgeon 75 
2 Compounders 80 
2 Dressers \ 60 
1 Cook 25 
2 Orderlies 1 
1 Waterman ~ 6 at 16 96 1 Peon • • 2 Khalasis J 
3 Ward Orderlies at Rs. 16 48 
3 Sweepers at Rs. 15 .. 45 
2 Medicine carriers at Rs. 15 30 

Total Medical 709 
709 

Sanitary and Water Supply. Rs. 

2 Overseers 150 
2 Havildars 50 
25 Sweepers at.Rs. 15 375 
2 Khalasis at Rs. 15 30 

Total Sanitary 60.) 
605 

Total for Left Bank 1,314 1.31~ 

Medical and Sani!ary at Aror Quarries. Medical. 

1 Sub-Assistant Surgeon .. 75 
1 Compounder .. 40 

1 Dresser .. 30 
1 Orderly at Rs. 16 •• 16 
1 Waterman at Rs. 15 .. 15 
1 Peon at Rs. 16 16 
1 Khalasi at Rs. 15 15 
1 Ward Cooly at Rs.15 15 

1 Sweeper at Rs. 15 15 

Total Medical 237 
237 



Sanitary liM Water Supply. 
1 Overseer •. 
1 Havildar 

10 Sweepers· 
1 Khalasi 

164 

.. 

Total Sanitary 

Total at Aror 

Total for Division (Medical and Sanitary) 

SECTION III. 

~34, Clerical aM Drawing O.ffice Estahlishment. 

I Division. "Direction, 

1 Office Superintendent to Chief Engineer 
2 Office Superintendents to Executive " 
1 Head Clerk to Executive Engineer 
3 Clerks to 

" " 1 Head Clerk to Assistant Engineer 
2 Clerks to 

" 4 Draftsmen at Re. 80 
5 Tracers at Rs. 50 

20 Menials at Rs. 15 

" 

Rs.· 
75 
25 

150 
15 

265 

. .. 

Total for Division 
II Division. River Works. 

Executive Ellgineer's Office-
1 Head Clerk 
3 Clerks at Re. 60 
1 Draftsman at Re' 100 
2 Tracers at Re. 50 
8 Menials at Re. 15 

1 Accountant 
6 Clerks, Accounts, at Re. 75 

2 Sub-Divisional O.fJicers each office. 
1 Head Clerk at Re. 80 
2 Clerks at Re. 50 
6 Menials at Rs. 15 .. 

Rs. 

265 

502 

Re. 

502 

4.913 

Re. 

300 
150· 
150 
180 
80 

100 
320 
250 
300 

1,830 

150 
180 
100 
100 
120 

650 

120 
450 

570 

1,220 

80 
100 
90 

270 
Rs. 270 per Bub-division or for l! sub-divisions 540 

Total for Division 1,760 

.. This .houl.:! lead ::lOU. 
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III. Dil>isioo. Right Bank Works. 
Executive Engineer's Office as for River Works 
3 Sub-Divisions at Re. 270 

IV. Division .. Left Bank Works. 
Executive Engineer's Office 

3 Sub-Divisions at Rs. 270 

Total for Division 

Total for Division 

V. Division. Quarries and Stcme Supply. 
Executive Engineer's Office 
3 Sub-Divisions at Rs. 270 

VI. Dil>ision. Power Supply. 

Executive Engineer's Offic&-
1 Head Clerk 
6 Clerks at Rs. 60 
1 Draftsman 
2 Assistant Draftsmen 
6 Tracers 

15 Menials at Rs. 15 

1 Accountant 
8 Accounts Clerks at Rs. 75 

Total for Division 

.. 

.. . 

Rs. 
1,220 

810 

2,030 

1,220 
810 

2,030 

1,220 
810 

2,030 

150 
360 
100 
150 
300 
225 
150 
600 

2,035 

4 Sub-Divisions at Rs. 270 1,080 

VII. Di'lMim Stores. 
Executive Engineer's Office-:-

1 Head Clerk 
8 Clerks at Rs. 60 
1 Draftsman at Rs. 100 
2 Tracers at Rs. 50 
1 Accountant 
8 Accounts Clerks at Ra. 75 

20 Menials 
16 Store -Khalasis at Rs. 15 

1 Sub-Division: Left Bank. 

'Total for Division 3,115 

150 
480 
100 
100 
150 
600 
300 
240 

2,120 

1 Sub-Divisional Clerk 100 
4 Clerks 240 
5 Menials 75 

12 Store Khalasis 180 

Total for Sub-Division 595 



Al Quarries. 

1 Clerk 
2 Clerks 
3 Menials 
5 Store Khalasis 

166 

Total for Sub-Division Rs. 

Rs. 
60 

lOO. 
45 
75 

280 

Total for Division Rs.. 2,995 

VIII. DivisWn.' MedUxd and SanitaJry. 
1 Head Clerk 120 
5 Clerks at Rs: 60 .. " 300 
6 l\;Ienials at Rs. 15 90 

Total for Division 510 
IX. DivisWn.' Audit and Accounts. 

Examiner's Office and branch office on Left Bank-
1 Accountant, 2nd grade 300 
2 Accountants, 3rd " at Re. 200 400 

2 " 4th" " 100 200 
20 Clerks at Rs. 60 1,200 
12 Menials at Re. 15 180 

Total for DiviSion 2,280 

SECTION' IV. 

535.' Abstract showing total roat of TechnUxd and Olerical Staff. 

Technical. Clerical. 

Division. Total. 
Mon· Per Mon'· Per 

, ths. month Total. lhs. month Total. 

I 

Ra. Ra. I Ra. Ra. Ra. 

I. Directio .. . . .. SO 5,900 4,72,OOfl 80 *I,S30 *1,46,400 *6,1S,400 

II. River Works . . .. 60 S,245 4,94,700 60 1,760 1,05,600 6,00,300 

III. Righi Bank Works .. 46 7,940 3,65,240 46 2,030 93,3S0 4,5S,620 

IV. Left Bank Worh .. 46 7,940 3J65,~40 46 2,030 93,380 4,5S,620 

V. Quarries and Stone .. 60 4,970, 2,9S,200 60 2,030 1,21,800 4,20,000 

VI. POY'ef' Supply, dc. .. 65 S,68.~ 5,64,525 65 3,115 2,02,475 7,67,000 

VII. Stores .. .. .. 60 *3,055 *I,S3,300 60 2,995 1,79,700 *3,63,000 

VIII. lI1edical and Sanitaf'!/ 62 4,913 3,04,606 62 510 31,620 3,36,226 

IX. Audit and Accounts .. 77 1,250 96,250 77 2,280 1,75,560 2,71,S10 

1- *31,44,061 *11,49,915 *42,93,976 

• TI CSt' figures willlx- slightly Dlodifil"d ac('ordmg to footnotes on pages 162 and 164 n.nte. 
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Add Secretariat Charges-

1/5th salary of Chief Engineer for Irrigation. Rs. 600 
1 Supervisor " 250 
2 Clerks at Rs. 100 " 200 

Rs. 1,060 per month. 
" 12,600 per year. 

For 7 years at Rs. 12,600 per annum Rs. 88,200 

Grand Total, Establishment Rs. 43,82,176-

SECTION V. 

630. Summary of Technical and Clerical Establishment graded for housing 
accommodation. 

Division. I sUkkur·1 Rohri.1 Aror. 

1. Directioo. I 
Subordinates on aalaries over Rs. 200 "I 1 

· '1 
3 1 

· . 11 
" u. u between" 100 and 200 .. 
II IJ""" 60.. 100 .. 

"I 7 
· . 24 2 , 

" " " " " 25'J 60 .. 
., " .. below - 'J 25 . 

11. Ri_ Works. 
Subordinate. on salari.s over Rs. 200 2 

:. "" between" 100 and 200 .. 23 4 
" ., ,. ., " 60" 100 .. 15 . 1 
U I,,,,,,, 25 " 60 .. 4 2 
" " u bplow" 25 43 10 

III. Right Bank Work8. 
Subordinates on aalarie. over Rs. 200 2 

" "" between ,: 100 and 200 .. Hi 
26 

8' 
U II ., " '0 60 100 
., H " .. u 25 60 

" '" below., 25 56 

I V. Left Bank Works. 
Subordinatos on salaries over Rs. 20(1 2 

" "" bet ween,. 1 00 and 200 a 12 
II ,~ " ,,60 " 100 9 17 .. II I, ,,25 u 60.. . 2 6 

" u ,,25 8 48 

V. Quarries and St<rne Supply. 
SuborJinates on salaries over Rs. 200 

" ., between, 100 and 200 1 9 
.' " " :. 60 '0 100 .. 2 18 

II • .. 25 ,> 60 8 
" below" 25 4 36 

. '1 7 
6 G 

V 1. Power Supply. 
Subordinates on salaries over Rs. 200 

.. " between.. 100 an d 200 .. 
" u " .. " 60 " 100 19 7 

u" 25 '0 60 14 
,.' I, below" 25 49 15 

• See footno~ on page 166 ante. 
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SECTION V-contd. 

Summary of Technical and l-lerical ESlablishment graded far housi'T/{J 
accommodation. 

Division. Sukkur, ~hri·1 Aror. 

VII. Stores. 
· .1 Subordinates on salaries over Rs. 200 

" " " between " 100 and 200 · ·1 6 1 

" " " " " 
60 

" 
100 · '. 23 2 

25 60 i 2 2 2 
" " " " " " • "i 

" '" " 
below 

" 
25 • .1 53 8 9 

VIII. Medical and Sanitary. 
Subordinates on salaries over Rs.200 1 1 

" between " 100 and 200 i 1 .. " · '1 
" " .. " " 

60 .. 100 .. - · ., 10 3 2 
.. .. .. .. .. 25 .. 60 · . 6 4 2 
.. .. .. below,. 25 "I 69 45 18 

IX. Audit and Accounts. 
Subordinates on salaries over Rs. 200 ..\ 1 

.. .. .. between .. 100 and 200 .. 4 
,. .. .. .. .. 60 

" 
100 · ., 20 

.. .. .. .. .. 25 .. 60 · -: 
below .. 25 ! 12 .. .. .. 

I 
i 

Tolals- I 

Subordinates on SIIlaries over Rs; 200 ' .. .. I 14 3 
.. .. .. between ".100 and 200 61 25 9 

.. .. .. .. " 
60 

" 
100 133 30 22 

.. .. .. .. " 
25 .. 60 43 14 12 

.. .. .. below ... 25 .. , 314 132 63 
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PART X. 

BUILDINGS. 
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PART X. 

BUILDINGS. 

SECTION I. 

Bungalow. Accommodation. 

General. 

.. 176 
177 
178 
183 
183 

537. The importance to the health, efficiency and contentment of the staff, 
of providing good bungalows and accommodation, for officers, subordinates and 
m~n cannot be over-estimated. The great Panama Canal Project defeated its 
early engineers, not by engineering difficulties, but by climatic severity, and the 
isolation, and lack of amenities, for the people engaged on its construction. As 
Boon as the Government of the United States of America realised this, and provid­
ed healthy, convenient bungalows, and all the amenities possible in such a situa­
tion, the works progressed without any other troubles than those involved in 
engineering problems, and these have all been successfully overcome. Similarly 
on the great Sara Bridge works, comfortable and healthy accommodation was 
provided for all staff, with the result that work made most satisfactory progress. 
At the Rotherhithe Tunnel works in the heart of London, surrounded by shops 
and eating houses in every direction, and with public baths near by, arrangements 
were made, on the works, for all men to have hot baths, their clothes to be cleaned 
and dried and for hot food and drink to be supplied to them. The result was 
one of the most successful and speedy engineering contracts on record. 

538. The climate ~f Sukkur is trying in the extreme. In the hot weather 
the temperature is very high indeed-up to 125" in the shade, and in the cold 
weather the nights can be bitterly raw and cold. It is essential therefore to pro­
vide good accommodation. 
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For the officers it is proposed to build good pakka bungalows provided with 
electric light and fans, and for the subordinate staff a scale of accommodation 
suitable to their circumstances. 

The officers' bungalows will be permanently requi.J;ed at Sukkur for the future 
canal staff (and the district officers). Hence pakka construction for these is fully 
jnstified. 

SECTION II. 

Site for Bungalows for Staff and SUbordinates Quarters. 

639. It is proposed to keep nearly all these on the Sukkur side for the 
following reasons :-

(a) A good cheap site is available in a convenient place for access to the 
town .of Sukkur and to, the works. This site lies between the river 
and Adamshah in one direction, and between the Railway work­
shop road (from river to Adamshah) and the new Right Bank Canals 
in other direction. Most of the land is kalarish, is the property 
'of Government and, is at present unoccupied. For officers whose 
works are on the left bank, communication during construction can 
always be had by mo~r launch, etc. After completion of works 
the bungalows will be occupied by the Executive Engineer and 
Assistant Engineer in charge of the barrage, the Left Bank Canals 
and the Right Bank-canals and possibly by Sukkur District officers. 
For the Barrage and Right Bank Canals officers the site could not be 
more convenient. For the Left Bank Oanals officers communication 
will be only I! miles via the barrage bridge to their canals. 

(b) This site has a river frontage and gets the full benefit of the hot weather 
winds which blow from the south-east and cross the one mile width 
of river on their way to the site, thus being cooled down. The 
same breeze on the ROM side is very much hotter. 

It will be necessary to remove the Hindu burning ground to a new 
site below the barrage. This would be necessary in a few years, in 
any case, as the town extends. The new site will be only about 1 
mile below the present site, or about 2 miles from the centre of the 
town. There is a direct main road leading to it from the town and 
there will be a second direct line of access along the river front and 
over the regulator bridges. The new site would be enclosed and 
protected by bunds, like the existing ground. The distance from 
the town is a reasonable one. At Satara the only burning ghat is 
3 miles from the nearest point of the town, or 4 miles from the farthest 
point. If the local Hindu community of Sukkur ev!)ntually build 
a. modern sanitary crematorium, it is possible that this could be 
nearer to the town, .without being a nnisance, but the proposW new 
site for the open burning is sufficiently convenient for present arrange­
menta and is none too fat to avoid being a nuisance. The present , , 

, site is sometimes most objectionable to the Adamshah colony behind 
it as it lies to windward of same. 
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(c) On the Rohri side of river, all the river-side land above the barrage 
consists of very valuable fruit gardens, for a depth of 1 to 2 miles 
inland. . . 

To acquire these for building sites would be very expensive, and it. is 
undesirable to destroy these good gardens. 

Moreover if a strip of land were taken up along the river edge it would 
be completely screened from the wind in the hot weather by the 
gardens inland, and would be unbearably hot and unhealthy. 
The only site at reasonable cost and of moderately healthy con­
ditions would be rig4t inlal)d of tp.e gardens and this would be no 
nearer to the works than the Sulqqrr site, while it would be far 
hotter, less healthy, I1,nd cut off frOl;n easy communication with the 
civil station of Sukkur and from 1;l:).e bazars. Rohri is also distant 
and is a dirty town with .1\0 aII\~nities for officials. 

(d) The main workshops, power houses ·ltIld stores will be on the Right 
Bank and only such quarters will be erected on the Rohri side as 
are necessary for the officers and subordinates who must remain 
there on the spot, such as the quarries staff, the sub-medical staff,. 
auxiliary power house and workshop staff, and blockyard sta1i. 

SECTION III. 

Quarters. 

Excluding Officers' bungalows for Technical and Clerical Establishment. 

640. It is assumed that all lll-bour Raid by Government, or work charged. 
must be housed. 

This will include all upper and lower subordinates, clerks, inspectors, foremen, 
maistries, mechanics; police, telegraphists, etc., and all menials employed by 
Government such as peons, sweepers, regular coolies' employed in workshops, and 
on works, etc. 

541. It is assumed that labour paid by contractors will be housed by them 
or that they will make their own .a:rrangements, except as regards water supply, 
sanitation and bazar, etc. 

A large market will be maintained on the Sukkur side, with a Market Superin­
tendent and Chowkidars, who will perform the double duties of Bazar Police and 
Fire Brigade. A small market will be opened on the Rohri side and another 
at the quarries. All markets will be under control of the Market Superinten­
dent and all stall holders will be licensed by the Superintending Engineer. 

The Market Superintendent will issue a list of prices every week, and any stall 
holder selling at higher rates will be· liable to loss .of his license and dismissal from 
the market .. 

642. It is assumed that the maximum number of people employed on the 
barrage works will be 25,000. On the Sara Bridge Works they were never able 

. to exceed this number, although they em~loyed recruiting parties for two or three 
years. In order to complete their earthworks in time they had to tmlploy Lubecker 
excavators to assist the manual labour. (They also proved considerably cheaper 
than the latter.) Slightly less accommodation is provided than was actually 
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built at Sara, though the cost per unit is greater owing to rise of prices which has 
been allowed for. 

543. Quarters for Subordinates, Clerks and Menials. 

These quarters are of 5 main types and have been roughly designed and esti­
mated as below;-

A-I. Type Quarters for temporary engineers and highly paid subordinates 
over Rs. 200 per month. These consist of a compound 100' X 50' 
with house giving following accommodation;-

One living room 
Two bed rooms 
Verandah 

" 
~tchen 

Bathroom 
Store shed 

.. 

. . -" .. 

12' X 14'· 
12'X14' 
6' in front. 
5' at back. 

12'XI0' 
10'XI0' 
10'X 10' 

All floors of 3" concrete over brick and teak doors and windows. Estimated 
cost of each Rs. 6,000. 

A Type Quarters for Family Quarters. 

These consist of a low walled compound 40' X 40' with house giving following 
accommodation ;-

One living room 

"bed " 
Verandah 
One cook· " 

"bath " 
" shed Iltore room 

.. 
.. 

B Type Quarters for Family Quarters. 

12 x12' 
12'X12' 
4' wide 

12'X 8' 
6'x 8' 

12' X 8' Estimated . cost 
each Rs. 950. 

per 

These consist of a low walled compound 40' X 20' with house giving 
following accommodation;­
One room 
Verandah 
Cookroom 
Bath " .. 

16'X12' 
4' wide 

10' X 8' 
6' X 8' Estimated cost 

each Rs. 650. 

C Type Quarters. Barrack Type in lines for single men. 

These give the following accommodation;- . 
One room • • • • •• 12' X 10' 
Verandah ...... 5' wide 

per 

Cook room 12' X 8' Estimated cost per 
each Rs. 400. 

D Type Quarte1·s. B8f1'ack Type in lines for single men. (Menials). 

These give following accommodation;-
One roJl.lll •. 12' X 8' 
Verandah .. 4' wide. Estimated cost per. 

unit Rs. 250. 
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544. All quarters are built of walls of unburnt brick la'd in mud and mud 
plastered with 'plinth of burnt brick in lime 1 foot high, 1!·6" wide and concrete 
footing 2'-0" X 6". Dool'B and windows of Deodar. 

Doors 6' X 3'. - Windows 31' X 21'. 

Roof consists of a lower covering of galvanized corrugated iron sheets laid 
on wooden rafters. Above this will be a 6" air space, with an outer roof--covering 
of thatch covered with 1 inch of mud plaster and supported on bamboo rafters 
built into end walls and with hoop iron ties and distance pieces at 3' intervals 
attached to the corrugated sheeting or main rafters. The thatch covering and 
air space will give a cool roof, the mud plaster will give protection from fire due 
to sparks from engines, etc., and the galvanized iron -roof gives permanent protec­
tion from rain. 

545. It is assumed that all quarters on the Sukkur side can be disposed' of, 
in situ, after the work is completed, at half their original cost (excluding cost of 
land, if any, as the site is on the outskirts of the town of Sukkur and the houses 
will. be useful for merchants, tradespeople, etc., and their establishments, as the 
town must extend in this direction. They will be complete with a water supply 
system which could, if desired, be handed over in working order to the Municipality 
for serving the area. 

546. As the land itself, on which the quarters will stand, will then be 
valuable, it is considered that this is a very reasonable, if not a low, salvage 
value to take. 

547. On the Rohri s:de there is no demand for houses except for canal sub­
-ordinates and barrage staff, and it is unlikely that they will have much, if any, 
salvage va~ue. This is another reason in favour of concentrat:ng as much staff 
accommodation as possible on the Sukkur Side. Fifty per cent. salvage value is 
allowed for such buildings as would be useful for the barrage maintenance staff 
and the canals staff, etc. 

548. A cheaper type of quarter could be built with bamboo rafters and 
thatch for walls and roof, but t'he maintenance charges of such quarters is at least 
5 per cent. per annum, and they would not be very satisfactory, while the risk of 
fire is very great. They would have practically no salvage value, as it may be 
:assUmed that they would be almost beyond repair at the end of 5 years, and in 
any case it would not pay Government or private pel'Bons to maintain them. 

549. Allowing salvage value, as shown, for the better class of accommoda- ,­
tion provided, the net capital cost to the work would be only Rs. 33,450 more 
than for the inferior quarters after taking into account the difference in cost of 
maintenance for 5 years. The extra cost may be considered as a fire insurance 
premIum. 

550. The following method has been adopted for arriving at the accommoda­
tion required for the staff shown in the preceding summary, Part IX, 
.ante :-

Al type of quarters will be provided for all men drawing higher salaries 
than RlI. 200 per month. 



A type quarters are for men, ,with families, drawing salaries between 
Rs. 100 and 200 per mop.th. 

B type quarters are for single men drawing salaries between Rs. 100 and • 
Rs. 200 or for men with families drawing between Rs. 60 and 
Rs. 100 per month. 

C type quarters are for single men drawing salaries between Rs. 25 and 
Rs. 100 per month, or for men with families drawing between Rs. 25 
and Rs. 60 per month. 

D type quarters are for all men (menials) with or without families, draw­
ing less than Rs. 25 per month. 

551. For the establishment on the Sukkur side of the river it is assumed 
. that 25 per cent. of each grade will have their families with them and the remain­
ing 75 per cent. be living alone. From enquiries made it is believed that this will 
represent actual conditions, as most of the men will prefer to leave their families 
in Flukkur or at their native places 

552. }?or the establishment on the Rohri side and at Aror it is assumed that 
50 per cent.. of each grade will be given family accommodation. As this side will 
be mol'l' isolated, it is possible that more men will bring their families for company, 
and the allowance also provides for some Qf the higher paid single men of each 
grade being given the better family accommodation, in compensation for the fewer 
amenities of the site. 

553. The following statement shows the accommodation provided for tech­
nical and clerical establishment sa per Part IX, ante :-

Men on salaries over Rs. 200 
Quarters type AI , . 

" .. 

.... " 

.. ., .. 

" .. 

Totnl 

between Rs. 100 aud R •. 200 
Qua rters type A .. 

" .. B ,. 

between, 60 8nd 100 
Quarters type B 

" 
., C .. 

between R •. 25 and Rs. 60 
Qua rtel'S type C . . . , 

,-\,1 tyl'" 
A .. 
B .. 
l' 
n 

Suklrur. 

14 
14 

61 
15 
46 

.. 133-

25% 
75% 

.. 33 25% 

.. JOO 75% 

43 
43 

.. 314 

.. 10 
" , 7fl 
.. 143 
., 314 

, 

RoMi. 

3 
3 

25 
12 50% 
13 50% 

30 
15 50% 
15 50% 

14 
14 

Axor. 

9 
4 50% 
5 50% 

22 
11 
11 

12 
12 

63 

4 
16 
23 
63 

50% 
50% 

Total. 
17 
31 

123 
195 
509 
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SECTION IV. 

554. Approximate estimate of Quarters required for work-charged monthly 
establishment engaged for various works. 

Sukkur. 

I 
Rohri. Aror. 

Typo of Quarto",. 

i All A I Ie I IA I Ie , IA IB Ic 
"D 

B D ! Al B D Al 
! 

I 

I 

I 
I 

Powor Hnul'Jl'<! .. .. · . .. · . I I 4 20 .. I I 2 8 .. . . I I 2 
Worksho~ .. .. · . .. · . .. 2 6 70 ., I I 2 25 1 5 .. .. · . .. 
Pennan(\nt .. .. · . . . · . I .. ~ 30 .. .. .. 2 10 .. . . .. . . 10 
Fleet . . .. · , .. .. I I 4 40 . . .. . . I 10 . . .. .. . . . . 
Cr&nes .. .. .. .. .. .. .. 

I 
1 30 .. .. .. I 15 . . .. .. .. 5 

PllmpR .. .. .. .. .. .. .. 4 40 .. .. .. .. 10 .. .. .. .. .. 
Pilt'I Drivers .. .. .. .. .. .. .. 4 40 .. .' .. .. 10 .. ..' .. .. .. 
Masonry .. .. .. .. .. .. .. 2 35 .. . . . . .. 15 .. .. .. .. .. 
Mortar Mills .. .. .. .. .. .. .. .. .. .. .. ' .. 1 6 .. .. · . .. . . 
Blockyard. .. .. .. .. .. .. .. 2 22 .. .. .. I 22 . . .. · . .. . . 

----
-4130 ----Ii ------------- --

Total .. 3 327 2 10 131 1 I 1 22 
I- i--

Add-Quarters as estimated above .. 14 15 ~il43 314 3 12 28 29 132 .. 4 16 10 63 , -- f--
isi63 \173 391263 

--
Gmnd total of Quart-01'8 at caoIt sitB .. 14 641 3 13 30 .. 5 17 17 85 

Total of each clo.sA at all siWs :-
. Typo AI Qllarter,; 

A 

B 
C 
D 

.. 

.. 

17 Units. 
3U 

130 
238 
989 

.. .. 

-

SECTION V. 

Total cost of all quartff/,s. 

(a) For Katcha Brick Wall construction. 
------_._--_._---_. ----------.,.----..,---

Sukkur. Rohri. Aror. TotaL 

ROo 

Type At at R.!I. 8,000 por unit 
.. A" .. 950 .. 
.. B" .. 650 .. 

IUnits. 

18 84.000 3 18.000 . • • • 1.02.000 
18 17.100 13 12.350 5 4.750 34.200 
8:1 53.950 30 19.500 17 11.050 84.500 

173 69.200 39 15.600 26 10.400 95.200 

Units. Ro. Units. 

.. e .... 400 .. 
.. D .... 250 .. .. 64.1 1,60,250 263 66.750 85 21,250 2,47.250 

i~I-3-.-84-.500-I--.-.-+-I-.3-1.-200-+-.-.~--47~.450-1-6~.-63~.1-5-0 
i--I----I---~---+---I----I----

Sa.lvl\g<l valull at 50 llN' Cl'nt. ,m all till SIII.·kn,. Sitlf:'_ •• 
On Rahri Side to bo rota.in,ed r 3 a.t Rs. 6,000 1 lUJo 

for porma.Ill"',t staff on 10 .. .. 050 
canals and bo.rrago at 50 ,15 .. .. 600 ~ 
per oont. . 115 .. to 600 J 60,250 

,20 .. ,,400 
00 .. " 250 

1.92,250 

30.125 

At A ror to be l"l~tailled OfOr{ 4- at .. 900) 
p~rmanent uso for quarril'8 2 .. •••• 640050 llO,OOO 
a.nd sub-dlvisional quILl'- 3 ., ( .. 
wrs at 00 per oont~ liS ., .. 250 I 

5.025 

Nl"t cost to Project .. •. .. .. . ,11

--.-' :-1-1-.9-~-~2-50+-~ ~--il-l.-O·-I:-07-5-t--:-: -1--42-' :-425-.-+3-.36-.7-50-

.ddd-Main~nan('e for;) years at 2 petr cent. ~r annwu'I_'.-'._I-I-9-,2-50+-"--iI-:--IO:-.:-10:-7-t--.-' _ 4,242 33,599 

I 2.11.500.. 1,11.182 •. 1 46.66713.69.349 

Total not coRt of quarteni and IUtlint('llahl"t· Rs. 3,69,349 
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Total. cost of all quarter8. 

5li5. (b) For Bamboo and Thatch construction. 

Sukkur. Rohri. 

Type Al Quarters at Rs. 5.000 " 
A .. "n 500 .. 

Units. I lUl. Units. 

141 .. .. .. 70.000 3 .. .. .. 18 9,000 13 
B ,. "It 300 .. .. .. .. 83 24,900 30 
C " ",1.200 .. 
D u "" 80 .. 

.. .. .. 173 34,500 39 .. .. .. 641 51,280 263 

.. i 1,89,780 .. 
Deduct-8alvage value 

Aror. TotaL 

Rs. Units. lUl. I R,. i 

15.000 .. .. 85,000 
6,500 5 2,500 18,OOQ 
9,000 17 5,100 39,000 
7,800 26 5,200 47,600 

21,040 85 6,800 79.120 

59,340 .. 19,600 2,68,720 

Net cost to project. • . . • . . . . 
Add-For mainteno.Dce for is years at I; per cent. per 

1,89,780 .. 59,340 .• 19,600 2,68,720 

47.445 .. 14,835.. 4'9001 67,180 

74,175.. 24,500 3,35,~ 

annum .. .. •• ... " .. .. 

2,37,225 .. I 

Total net cost to project including maintenance .. 
Total net cost of better type of qua.rters 88 a.bove. 
EX0888 for bette.r accommodation . • . . . . 

lUl.3,35,900 
" 3.69.350 
0, 33.450 

(Vide Pagol75) 

SECTION VI. 

Officers' BungaloWS. 

556. -On Sukkur Side. 

1 Bungalow for Superintending Engineer 
1 " " 

2 Personal Assistants 

,,{ Executive Engineer, Right Bank 
1 " River Works 

" " 
1 " " 

2 Assistant Engineers, River Works 

"g " " 
R. B. Regulators 

1 " Guide Banks 
" 

, , 
fl 

" " 
Blockyard 

1 " " tl Electrical 
" " 

.. 1 
~ 

• : J 

.. 1 

.. j 

.. 1 

.. J 

1 " 
e Executive Engineer, Left Bank Works .. 1 

" 1 .ASsistant " " "Blockyard .. ; 

"g " " " 
Regulators .. 1 

1 " Guide Banks > 
" " " .. J 

n " " 
Workshops .. 1 1 " " t 1 Electrical 

" " .. J 
fl " " 

Fleet .. 1 
1 " " t 1 Executive Power Supply .. 1 " 

{I Examiner of Accounts .. } 1 " " 1 Chief Storekeeper .. 
f 1 Assistant Traffic Superintendent .. 1 

1 " " t 1 Works Manager for Workshops .. J 
1 " 

" Chief Medical Officer 

]3 

Rs. 
35,000 
25,000 

25,000 

15,000 

15,000 

15,000 

25,000 

15,000 

15,000 

25,000 

25,000 

15,000 

20,000 

2,70,000 
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1557. On Rohri side at River. , I Assistant Surgeon 
'1 Bungalow for 

Assistant Storekeeper 

558. At Quarries. 
1 Bungalow for Executive Engineer 

, 1 " 2 Assistant Engineers 

2 
Total 16 bungalows 

.. 

Total cost 

Add-Maintenance at 2 per cent. per annum for 5 years 

Salvage value at 70 per cent. 

SECTION VII. 

Office Buildings, etc. 

559. Rohri Side at River Works. 

General W orks­
Power Supply­
Stores-

Offices 

" 
" Audit and Accounts-Office 

Medical and Sanitary-Hospital Dispensary and Office .• 
Police-Office 

Total 

1560. Rohri Side at Aror Quarries. 

(b) Gene'ral Works- Offices 
(c) Power Supply- " 
(d) Stores- " 
(e) Audit and Accounts-Office 
(f) Medical and Sanitary-Hospital, Dispensary and Office •. 
(g) Police--Office 

Total 

Total Rohri and Juor .. 

Salvage value at 10 per cent. 

561. Sukkur Side. 

GenPral Staff (Direction)-Offices 
General W orks- " 
Power Supply­
Swre-
Audit and Accounts 

" .. 
" 

... .. 
•• •• 

Medical and Sanitary-Hospital, Dispensary and Office 
Police-Office 

.. 
~ . 

r. .. .. 
h • .. 

15,000 

15,000 
15,000 

30,000 
3,15,000 

31,500 

2,36,250 

Rs. 
12,000 

4,500 

1,000 
500 

7,000 
100 

25,100 

Rs. 
10,000 
1,500 
1,000 

500 
5,000 

600 

18,600 

43,700 

4,370 

Rs. 
12,500 
16,000 

7,000 
4.000 
9,000, 

29,000 
600 

Total Sukkur Bank .. Rs. 78,100 



178 
. 

Salvage value at 20 per ceilt.=15,620-
Add-Rohri and A:ror 

Total Offices, etc. 

Rs. 
43,700 

1,21,800 • 

Add-For maintenance for 5 years at 3 per 
cent. per annum 18,270 

Deduct-salvage Rs. 15:620 plus 4,370 

Net cost to works for Offices, etc. 

SECTION VIII. 

Temporary Sheds for Service Works. 

562. Sukkur Side. 

Division: Direction. 

lJf. arkets-

Bungalow for Market Superintendent 
Market sheds, 20,000 square feet 
Erection and earthwork 
Office _ 

Bakery •. 
Slaughter-house 
Dhobikhana .. 

.. 

Railway Out-Agency sheds 50x20 .. 
Firewood shed 

lnstitu'es-

.. 

1,40,070 

19,990 

1,20,080 

Rs. 
7,000 

15,000 
8,000 

600 
500 
400 
250 

1,500 
600 

Rs. 33,850 

For Europeans 1,500 
" Indians 1,500 

Tennis Courts for Europeans 600 

" " "Indians 600 
Pavilion 900 
Fencing 500 

Rs. 5,600 

Water Supply-

Building for housing plant 4,000 

Total Sukkur Side Rs. 43,450 



Division: 'Gf!M'fa1 Works. 
Workshops: Sukktur Side­

Saw mill shed, 60x30 } 
Carpenters shop, 60 X 30 
Erection 
Smiths shop, 170x30 
Erection 
Store room shed, 100x30 
Erection 
Office shed, 30x30 .. 
Erection and masonry 
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Turning and fitting shops, 120x40 
Erection 
Masonry 

Blockyards: Sukkur Side­

lIfixer tower .• 
Sand bins 
Runway for Goliath cranes 
Moulding floor complete 
Cement shed and erection, 100' X 30' 
Lime shed, 200' X 30' 
Goliath crane erection 
Tramways 

Coolie Lines-
16 sheds, 100' X 16' } 
44 sheds, 45' X 16' 
Erect:on 

Mortar Mills and Disintegratm-

. ; 

•• 

Rs. 

Rs. 

Rs. 

3,500 

2,000 
8,500 
4,000 
3,000 

700 
800 

4,000 
9,500 
2,500 

50(} 

39,00(} 

1,000 
8,000 
7,000 

40,000 
7,000 

14000 
3,000 
6,00(} 

86,000 

30,000 

10,000 

40,000 

3 sheds, 100' X 25' roofs only erected on frames 5,000 
1 shed for disintegrator 40' X 20' 500 

Div:·s'ion: Power Supply. 

Power Stores Shed: Sukku'T Side-
1 shed, 100' X 30' 
Erection' 

1 Power House; complete building(erected 

Total 

Total 

.. 
Rs. 5,500 

1,70,500 

6,000 
, 1,500 

7,500 
45,000 

52,500 
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Division: Stores. 
Slore DepfJ': Sukkwr Side-

2 store sheds, 200' X 30' at Rs. 9,500 
Erection ." 
I oil shed, 40' X 20' .. 
Erection 
Coal bins for 200 tons (or oil tanks) 
Fencing 
Erection 
Platform with ramps 
Lighting arrangements 

Division. Sanitary and Medical. 
Latrines-

140 seats, Rs. 40 
Store shed, lock"up and buffalo stables 

563. Rohri S~"de. 

Division: Direction. 
Markets-

Sheds, etc., 5,000 square feet 
Erection and earthwork 
Slaughter-house 
Dhobikhanas 

I nstitutes-
Reading room for Indians 
Tennis court for Indians 
Tennis court for Europeans .. 
Fencing round football ground 

Water Supply--
.Housing plant complete 

Division: General Works. 
Workshops: Rolin Side-

Iron workshops shed, 100' X 30' 
Erection and masonry 
Office shed, 40' X 30' • 
Erection and masonry 
Wood working shops, 60' X 30' " 
Erection .. 

Total 

Total 

Total 

Rs. 

19,000 
5,000 
2,000 

900 
2,000 
3,800 

600 
1,000 

700 

35,000 

5,600 
2,500 

.. Rs.. 8,100 

Rs. 

3,500 
1,000 

400 
200 

5,100 

600 
600 

1,200 
500 

Rs.2,900 

4,000 

Rs. 12,000 

7.000 
3,500 
3,500 
2,500 
2,500 
1,500 

Rs.20,500 



Bloclcyard-

As on Sukkur Side 

Ooolu Lit1&-

8 sheds, i 00' X 16' 
22 sheds, 411' X 16' 
Erection 

IIU 

1 

J 

M ortalr Mills and Disintegrators-

Rs. 

. 86,000 

16.000 

6,000 

Re.20,OOO 

3 sheds, 100' X 25' roofs only erected-on frames 
1 shed for disintegrators, 40' X 20' 

5,000 
500 

Division: Pow" Supply. Rohn Sid&­

Power house complete erected 
Power stores shed, 40' X 30' 

Division: Storu. 

Btore DeptJt: Rohri &lde-

1 store shed, 200' X 30' 
Erection 
1 store shed, 40' X 20' 
Erection 
1 oil shed, 40' X 20' 
Erection 
Fencing " 
Erection .. 
Platform and ramps 
Lighting arrangements .. 

Division: Medical and San;tary. 

Store shed 
Latrines, 60 seats, at Rs. 40 

Illli. Aror Quarries. 

Division : Direction. 

Market buildingl\ 

.. 

5,500 

Total .. RB. 1,32,000 

10tal 

. '. 

35.000 
3,000 

38,000 

9,500 
2,500 
1,800 

700 
2,000 

900 
1,800 

300 
500 
700 

Total Rs.20,700 

Total 

Rs. 
300 

2,400 

Re.2,700 

HI. 
2,000 
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Division: Stores. 
Store Dep~l: Sukkwr Side-

2 store sheds, 200' X 30' at Rs.9,500 
Erection 
1 oil shed, 40' X 20' .. 
'Erection 
Coal bins for 200 tons (or oil tanks) 
Fencing 
Erection 
Platform with ramps 
Lighting arrangements 

Division. Sanitary and Medical. 
Latrines-

140 seats, Rs. 40 
Store shed, lock"up and buffalo stables 

563. Rohri Side. 
Division: Direction. 

Markets-

Total 

Total 

Rs. 

19,000 
5,000 
2,000 

900 
2,000 
3,800 

600 
1,000 

700 

35,000 

5,600 
2,500 

.. Rs., 8,100 

Sheds, etc., 5,000 square feet 3,500 
Erection and earthwork 1,000 
Slaughter-house 400 
Dhobikhanas 200 

1 nstitutes-
Reading room for Indians 
Tennis court for Indians 
Tennis court for Europeans .. 
Fencing round football ground 

Water Supply-
Housing plant complete 

Division: General Works. 
Worksltops: Rohn Side-

Iron workshops shed, 100' X 30' 
Erection and masonry 
Office shed, 40' X 30' , 
Erection and masonry 
Wood working shops, 60' X 30' .. 
Erection 

Total 

Rs. 5,100 

600 
600 

1,200 
500 

Rs.2,900 

4,000 

Rs.12,000 

7.000 
3,500 
3,500 
2,500 
2,500 
1,500 

Rs.20,500 



Blockyard,-

As on Sukkur Side 

Goalie Litw-

8 sheds, 100' X 16' 
22 sheds, 41l' X 16' 
Erection 
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1 

J 

Mortar Mills and DisVntegrators-

3 sheds, 100' X 25' roofs only erected ~on frames 
1 shed for disintegrators, 40' X 20' 

Rs. 

86,000 

16.000 

6,000 

Rs.20,OOO 

5,000 
500 

5,500 

Total .. Rs. 1,32,000 

Division: POWSf Supply. Balm Silk---­

Power house complete erected 
Power stores shed, 40' X 30' 

Division : Staru. 

Btare DepOt: Rohri fhde-

1 store shed, 200' X 30' 
Erection 
1 store shed, 40' X 20' 
Erection 
1 oil shed, 40' X 20' 
Erection 
Fencing .. 
Erection .. 
Platform and ramps 
Lighting arrangements .. 

Division: Medioal and San>fary. 

Store shed 
Latrines, 60 seats, at Rs. 40 

lId4. Aror Quarries. 

Division : Directi()II. 

Market building~ 

'J.'otal 

. '. 

Total 

Total 

35.000 
3,000 

38,000 

9,500 
2,500 
1,800 

700 
2,000 

900 
1,800 

300 
500 
700 

Rs.20,700 

Re. 
300 

2,400 

Re.2,700 

Ha. 
2,000 



I nstitules, etc.­

Tennis court 
Reading room 

Water 8Upply­

Housing plant 

Division: General W O'Tks. 

Workshop, 60' X 30' 
Office, 40' X 30' 
Erection 

Coolie Lines-

3 !heds, 100' X 16' 
7 sheds, '45' X 16' 
Erectionr .. 

} 
.. 

Di'lYi~iO'l,t: PO'IIJeT Bupply. 

)82 

Stores shed .. 

Divis1'on: Store~. 

StO'Te Dep6t at Aror-

2 store sheds, 40' X 20' 
Erection 
1 oil shed, 40' X 20' 
Erection 
Fencing 
Platform and ramps 
Lighting; 

J)ivilliotl : Medical and Banitary. 

Store shed 

J 

Latrines, 25 seats, at Es. 40 •. 

TotaJ 

Rs. 

600 
600 ___ I 

Rs.l,200 

2,000 

Rs.5,200 

2,500 
3,500 
3,000 

Es.9,000 

5,000 

1,500 

Rs.6,500 

Total .. Rs. 15 500 

Total .. Rs. 1,000 

3,600 
1,400 
2,000 

900 
1,500 

500 
700 

Tota.l .. Rs. 1O,60(} 

Tota.l 

300 
1,00(} 

Rs. 1,300 
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565. ABstract of Sheds, efc. 

Division 

-
General Power 

Direction. Works. Supply. 

Rs. Rs. Rs. 
s uJclrur Side · . · . · . 43,450 l,7Q-,5oo 52,500 
Rohri-Side · . · . .. 12,000 1,32,000 38,000 
Aro r Quarries · . · . .. 5,200 15,500 1,000 

Total · . 60,650 3,18,000 91,500 
, '- ~ 

Grand Total · . 5,48,550 

D educt Salvage value-
Sukkur Side · . · . · . 8,650 29,350 26,250 
Rohri Side · . · . · . 2,500 8,350 15,000 
Aror Quarries .. .. · . 1,000 4,500 100 

Total · . · . 12,150 42,200 41,350 

Net cost to project · . · . 48,500 2,75,800 50,150 , 
Grand Total net cost 

Maintenance at 2 per cent. per annum for 5 years 

SECTION IX. 

566. Abstract of total cost of all buildings. 

-

ffioo,,,' bungalows . . . . .. · . · . 
ffioe buildings . . .. . . · . · . 

o 
o 
8 
Q 

heds, etc. .. .. .. · . · . 
uarters for subordinates, clerks, menials, etc, · . 

Initial 
cost, 

Rs. 
· . 3,15,000 
· . 1,21,800 
· . 5,48,550 
· . 5,63,150 

15,48,500 

Medical 
Stores. and 

Sanitary. 

Rs. Rs. 
35,000 8,100 
20,700 2,700 
10,600 1,300 

66,300 12,100 
~ 

4,000 · . 
2,000 .. 
1,800 · . 

7,800 · . 

58,500 12,100 

.. Rs. 4,45,050 

.. Rs. 54,855 

Salvage Net cost 
value. to 

Barrage. 

Rs. Rs, 
2,36,250 78,750 

19,990 1.01,810 
1,03,500 4,45,050 
2,27,400 :1,35,750 

5,87,140 9,61,360 

Nolc.-It 18 assumed that the actul!-l amount these buildings will fetch will 
cover the expenditure that may have to be incurred for demolishing any build­
ings in addition to the salvage reckoned here. 

SECTION X. 

567, Abstract of cost of maintenance of all Buildings. 

Officers' bungalows, 2 per cent, 
Office buildings, 3 per cent. 
Shed8, etc., 2 per cent. 
Quarters, 2 per cent.. 

Total maintenance of buildings 

Rs. 
31,500 
18,270 
54,855 
33,599 

Rs. 1,38,224 
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568. The land proposed to be acquired in connection with the Barrage 
Construction i$ shown on Plan No. 69. 

A considerable portion of this land is needed for the canals construction and 
such portion is not debited to the barrage, as it will eventually be occupied by 
the canals and their banks, etc. 

(a) On the Left Bank. 

569. All land bounded by the river edge Oil the north. the Khairpur State 
boundary on the west and south, and the Khairpur Feeder West on the east will 
be acquired for sites for works yard, quarters and coolie lines as shown. 

570. A strip of land will be acquired all along the river edge from the barrage 
up to Satyan jo Astan. This is required for the Guide Bank construction The 
river bank in this length has accreted or silted up for a considerable width in the 
last 50 years or so, and the land thus gained from the river is Government property 
and is leased on short terms to zamindars. The whole of this land will be requir­
ed. It varies in Width from about 300 feet at the eastern extremity of the 
Shahi Bund to very little at Satyan jo Astan. It is represented in fact by all 
existing land lying to the riverside of the boundaries of the survey numbers 
printed in black on the old deh maps. Where the width of this accreted land is 
insufficient, a portion of the original survey numbers will be required to an average 
distance of about 150 feet from the edge of the bank of the river. 

571. All land covered by the proposed canals as far south as the Kangan­
Rohri 'Road will be taken up and used for the barrage and canal construction 
as shown on the plan. The average width and length of the land acquired to the 
west of the eastern boundary of the Eastern Nara New Head, i.e., up to the Khairpur 
Boundary will be about 3,000 feet and its depth about 4,500 feet , 

572. To the east' of this a short strip of land along the river side in a length 
of about 1,400 feet and depth 400 feet will be needed for power house. etc., 
and wharf bunder. 
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573. The quarry railway will run inside the boundaries \If the Eastern Nara 
New Head, so no special land is required for the rai way except for the branch to 
the North-Western Railway and for the brallches into the quarry valleys at Aror 
and Kalka. Most of the land in the quarry valleys is Government property, and 
only a few small survey numbers of occupied land will be required where these 
valleys debouch into the main Aror valley. The bungalows for officers, the quar­
ters for subordinates and the works offices and sheds, etc., will all be built on suit­
able sites on plateaus or in valleys in the hills. All such land is Government 
property. 

(b) On the Right Bank. 

574. Starting from the western end of the present Sukkur Bunder wall 
and going downstream the land between the river edge a.nd the existing muni­
cipal bund is required right down to the barrage. This is needed for the guide­
banks. 

575 Inland of the municipal bund there is a piece of land marked A on 
Plan No. 69 surrounded by roads; on the west by the road leading from, river 1;0 

North-Western Railway ·Workshop. This plot contains an Ice Factory, a temple 
and a few houses. All land in this plot not at present covered with buildings will 
be required and also the houses in the centre of plot at river side, as the power 
house will be built here, this being a convenient site in case the power house is. 
subsequently taken over by the municipality for lighting the town. 

(If this is not likely and if the North-Western Railway is likely to take it 
over for running their workshop, an alternative site is shown near the latter. At 
this site the service line to power house would have to. be taken off as a Branch 
of the North-Western Railway Workshops Railway) 

576. To the west of the Railway Workshop-River Road, all land and build­
ings between the municipal bund and the main Sukkur-Larkana Road (passing 
the North-Western Railway Workshops) except the existing North-Western Rail. 
way bungalows and compounds will be required, in fact starting from the river 
to Workshop Road all land between the Sukkur Larkana-Road and the river for a 
distance of 5,600' westward will be acquired. 

577. This land includes the Hindu buruing ghat which must be closed and 
another ground given in its place, a disused Mahomedan burying ground (with­
out tombs)· and a Hindu children cemetery which is believed to be also disused. 
It is not proposed to build on either of these hurying grounds, but it will be desir­
able to acquire them and prevent further burials, and roadways may be necessary 
across them. It is believed there will .be no local objection to this. The Hindu 
burnin!! ghat is not sacred ground in itself, and when it ceases to be used as a burn­
ing ghat there will be no religious objections to demolishing the walls and few 
sheds at the site, and, if necessary, building on the land. 

578. To the north of the Sukkur-Larkana Road a strip of land 3,300' wide 
which includes all land required for proposed canals in this port:on) and extend­
ing northward for about 3,800' will be needed. North of this, as far as the Nort.h­
Western Rllill'mY, the width required will be about 1,700' while thc eastern boun-
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dary line of this striP. will be continued north to meet the Sukkur Canal, and all 
land to the west of this between the Sukkur Canal and the North-Western Rail­
way will be required for canal construction. It is shown on the plan as land to 
be acquired, though it is not ~eeded for- the barrage works, but will be needed 
for the canals. 

SECTION II. 

579. Statement showing area to be acquired on each bank of river. 

Axes. Rate Charg- Charg-
-- in per Am.ount ed to ed to 

acres. .acre . barrage. Canals. 
. 

On Sukkur Side. . . . , 
RB. RB. RB. RB. 

For Power House .. .. . . .. 35.6 1,000 35,600 35,600 .. 
For Bungalows for officers .. .. .. .. 75.S 500 37,900 37,900 .. 
For Subordinates' quarters .. .. .. 104.0 50 5,200 5,200 .. 
For Burning Ghat .. .. .. 9.~ 200 1,900 1,900 .. 
For works yards up to Larkana Road .. .. 73.4 200 14,680 14,680 .. 

Do. north of Larkana Road .. 104.9 200 20,980 20,980 .. 
Do. between Larkana Road and 

Railway .. .. .. .. 28.6 200 5,720 5,720 .. 
For C$nals up to Larkana &ad , . .. .. 92.0 200 18,400 .. 18,400 

Do. north of Larkana Road .. 119.0 200 23,800 .. 23,§OO 
Do. between Larkana Road and Rail-

way .. .. .. .. 140.0 2uO 28,000 .. 28,000 
Do. between Sukkur Canal and Rail-

way .. .. .. .. 188.0 200 37,600 .. 37,600 
--

Total on Sukkur Side .. .. .. .. .. .. 2,29,780 1,21,980 1,07,800 
--

.. 
On Rahri Side. . 

For Guide Banks, 11,500' x 150' .. .. .. 33.6 10 336 336 .. 
For Power House .. .. .. .. 11.4 1,000 11,400 11,400 .. 
For Workshed lines .. · . .. .. 129 1,000 1,29,000 1,29,000 .. 
,JunctiOn with N. W. Ry. .. , . .. .. 9.5 200 19,000 19,000 . . 
For Quarry Sidings-

(8,000 xl00 1 
301 Stone t. 3,000 xl00 >- · , .. .. ;H.4 1,032 1,032 •• 

4,000 xl00 J 

Sand {5,000 XI00} 
3,500 xl00 · . .. .. 19.3 free. 

For Canal Head North of Khairpur &8d .. 82.0 1,000 82,000 .. 82,000 
Do. between Kangan and Khairpur 

Roads .. .. .. .. 112.5 1,000 1.12,500 .. 1,12,500 

-
Total on &hri Side .. .. .. '3,55,268 1,60,768 1,94,500 

Grand Total .. .. .. 5,85,048 2,82,748 3,02,300 
Add-Contmgenoies 5 per cent. .. .. .. .. .. .. 14,137 .. 

SECTION III. 
Abatement of kmd revenue. 

580. All land valued at Rs. 500 and upwards per acre is assumed to brim! ill 
a total assessment of Rs. 5 per acre, and all land valued at less than Rs. 200 per 
acre, a total assessment of Rs. 3-8-0 per aere 
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The total loss of revenue will be as follows­

Sukkur Side-

35' 6 acres at Rs. 1,000 per acre 
75' 8 acres at Rs. 500 per acre 

Rohrl Side-

11'4 acres at Rs. 1,000 per acre_ 
129' 0 acres -at Rs. 1,000per acre. 

251' 8 acres of land valued at Rs. 500 per acre and upwards. 

Loss of revenue a.t Rs. 5 per acre 

Sukkur Side-

.. 

104' 0 acres at Rs. 50 per acre. 
216'4 acres at Rs. 200 per acre. 

Rohri Side-

33' 6 acres at Rs. 10 per acre 
9' 5 acres at Rs. 200 per acre. 

34' 4 acres at Rs 30 per acre. 

397' 9 acres of land valued at Rs. 200 and less. 

Loss of Revenue at Rs. 3-8-0 per acre 

Total loss of Land Revenue 
Ca.pitalization of same at 25 years' purchase 

. . 
Rs. 

1,259 

Rs. 
1,392'6 

2,651'6 
66.290 
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581. The total time assumed from the opening of the Barrage Circle to its 
final c'osure is 7 years. It is also assumed that sufficient labour can be found, at 
all periods, for the work in hand, up to a maximum of 20,000 men. 

The time is divided up as follows. 

SECTION II. 

First 2 months-April to June. 

582, General Direction Division making arrangements, for work to start on 
quarters, letting contracts, arranging for labour and materials, etc. Two-thirds 
of establishment engaged. 

. SECTION III. 

Next 10 months-June to March-Construction of Buildings. 

583. Whole of Right Bank Works and Left Bank Works Divisions to be 
opened, half the establishment of Power Supply Division, one-fourth the establish­
ment of Medical and Sanitary Division and half the Audit and Accounts Division 
to be opened. 

584. The Right and Left Works Divisions will at once commence survey 
and laying out of site for quarters and works and making arrangements for start­
ing construction in August, of one-half the officers' bungalows, and one-fifth of 
the subordinate quarters, on either bank, and at quarries. These subordinate 
quarters should be complete by about the end of September and can then be 
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occupied by officers and subordinates until the bungalows are'ready for former. 
AU staff in the meantime has been living in tents or temporary huts. As' soon 
as these are completed the remainder of the quarters will be taken in hand, and 
construction of earthwork for railways, bunds, roads, etc., started. In October 
laying of permanent-way, and pile driving for the wharves will commence. In 
November work can be started on the blockyards-Iaying floors, goliath runaways, 
sheds, etc. 

585. By the end of December the wharves will be completed. 

In February the buildings for power houses, workshops and store sheds will 
be commenced. 

By end of March all Railways, two small generating units of power house 
and blockyards to be working and store sheds to be ready. 

SECTION IV. 

Next 6 months-April to September. 

586. In April all remaining divisions will be opened and those already open 
brought up to full strength. 

The Power Division will take up the erection of all the main power plant, 
workshops, machinery, etc., and this must be in working order by"August. The 
Stores Division will be arranging and stocking its dep8ts. 

The River Works Division will be working out all details for starting work 
and collecting, arranging and testing plant. 

The Right and Left Bank Works Divisions" will be doing the sarile. 

The Quarries D;vision will be supplying stone to blockyards, and accumulat­
ing a reserve at the quarries and at both river banks. 

SECTION- V. 

Next 12 mon.ths-September to September. 

587. This will be the "First Season's Work" on the barrage structure. 
The River Works Division will co-operate with the Right and Left Bank Works 
Divisions in superintending 1st Season's cofferdams on either bank, the Right and 
Left Bank Works-Divisions looking after the regulator portions (see Plan No. 71). 
Similarly all divisions will co-operate on the regulators and barrage floor construc­
tion. The River Works Division will also be responsible for all mortar supplies. 

All the other divisions will have their full normal work. After completion 
of this season's part of floors, and underwater portions of barrage and regula­
tors the superstructure of these portions will be taken in hand and full prepara­
tions made for next season's cofferdams, etc. In the meantime work has been 
proceeding on guide banks and most of the earthwork should be completed by 
September," as well as stone pitching un the slopes. 
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SECTION VI. 

Next 1:1 months-Second Season's Work. 

588. During these 12 months all regulators will be completed except as regards 
gates and machinery. The guide banks and their aprons and the raising of bunder 
wall will be nearly completed. 

In the river a further 1,200' of barrage will be completed and the erection of 
gates, counterweights and machinery in 't~e 'firSt season's portion will be 
commenced. 

SECTION VII. 

Next 12 months-Third Season's Work-~eptember to 
September. 

589. During the first 6 months of ,this season all regulators and guide banks 
will be completed, and the Right Bank and Left Bank Works Divisions will be 
closed down at the end of March, after being in operation for 46 months The 
River Works and all other Divisions will continue at full strength, doing similar 
work to the previous, season. 

SECTION VIII. 

Next 1:1 months-Fourth Season's Work. 
• 590. During this season the final length of Hoor and superstructure of the 

barrage will be completed to the same extent as the remainder. 

SECTION IX. 

Next 6 months-September to M.arch-Final Season's Work. 

591. During this period placing of all gates and counterweights and the. 
erection of lifting machinery will be ,completed, parapets will be built, roadway 
and footpaths completed o~er all bridges, and general finishing off done :-

(1) At the end of March the Power Division will be closed down, after being 
. in operation for 10 months at half strength and for 60 months at full 

strength. 

(2) The Stores Division will also be closed in March the last six months 
having been spent in disposal of surplus plant, etc. This division 
will have been in operation for 60 months. 

(3) The Medical and Sanitary Division will also be closed in March, after 
being in operation at 1 strength for 10 months and at full strength 
for 60 months. 

(4) The River Works Division will be closed in March after being in opera· 
tion for 60 months at full strength. 

(5) The Quarries Division will also be closed in March after being in opera­
tion for 60 months a t full strength 
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SECTION X. 

Last 1:3 months-April to March-Closing down Season. 

592. DJ].ring this period the only outdoor work will be the demolition of 
temporary buildings, railways, etc., and the final collection and disposal of surplus 
plant and stores. 

In the office the accounts have to be finally adjusted and closed, and the com­
pletion report and plans to be prepared. 

, 
It is assumed that the Personal Assistants of the Engineer-in-Chief--one 

Executive Engineer and one Assistant Engineer will be able to look after all out­
door work, in addition to assisting in the preparation of the completion report. 
The Audit and Accounts Division will also be in full strength throughout the year. 
Both divisions will be closed by j;he end of March after completing the whole 
project. 

593. The General Direction Division will have been in operation for 12 months 
at two-thirds strength and for 72 months at full strength. 

The Audit alld Accounts Division will have been in operation for 10 months 
at half skength and for 72 months at full strength. 

SECTION XI.' 

~ummary. 

594. Thus from first opening, to final closing, of the work, will be 7' years 
of which only 5 years will be spent on the construction of the permanent works. 
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595. These estimates of annual expenditure are based on the programme 
of work explained in Part XII awe. Plant is purchased, as needed, with the 
progress of the work. 

To the cost of this is added the cost of the establishment employed each year, 
the cost of temporary and permanent works completed during that year, and the 
cost of Service Works in operation. 

- SECTION II. 

Method of Allocating Expenditure. 

596. In this part of report each complete year is from April to March. 

Out of the Beven years that the work will be in progress the first is ca'led the 
preliminary year. The next year, in September of which actual work on the 
barrage will be started is called the first year and so on, the last year being called 
the closing year. 

• In the case of p1ant, the date by which the p'ant is required in India, is noted 
against each item in the details and the expenditure is included in the financial 
year in which this date falls. 

597. In the case of permanent works, the actual working season will be from 
September to September. The details show the full value of each season's work 
taken from Septefuber to September. But before work can be begun in September, 
a large portion of the money will have to be spent in collection of materials and 
stock, dressing, etc., so it is assumed for purposes of annual expenditure that the 
whole amount is spent before the end of the financial year. The va:ue of work to 
be finished in a season ending September thus comes in the financial year ending 
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March 31st of that year. The whole of the expenditure on permanent works is 
thus divided over four yeal'S, corresponding to four seasons work on the barrage, 
the fifth year being devoted to finishing off. 

598. During the last year (closing year) the only outdoor work to be done 
will be demolishing of buildings and sheds. and it is assumed that'the probable 
realizations from the buildings will cover the cost of this demolishing in addition 
to the salvage value reckoned on, and so in this year only the establishment is 
provided. 

599. The contingencies are not spread out over each year, as they may not 
be needed, but are shown as lump S\1IP.8 at the end of the programme of expendi­
ture. The abstract thus gives the expected annual outlay, and total outlay in­
c!uding contingencies. The anticipated salvage on plant and buildings is then 
deducted, giving the net outlay on each head. AdjustIllents on account of de­
preciation, etc., first charged to one head and ultimately transferred to another 
are then indicated.- We thus get the final expected ~utlay on each head of direct 

. charges. 

Details of each year's expenditure are given:-



SECTION III. 

Abstract· showing expenditure in each year on all heads. 

~liminary year 
rat 

P 
Fi 
Secon d 

T bird 
onrth . F 

Fi 
Cloe 

·fth 
ing 

.. .. 

.. .. .. .. 

oU-Contingencies 

--

· . · . · . · . · . 
· . · . · . · . · . 
· . · . · . · . · . 
· . · . · . · . · . 
· . · . · . · . · . 
· . · . · . · . · . 
· . · . · . · . · . 

Total · . , 

· . · . · . · . · . 
Total outlay · . 

Deduct-Anticipated salvage including contingencies. 

Net COBt to WorkB · . · . · . · . · . 
Adjustment between heade · . · . · . · . 

Final debit to each head · . · . · . · . 

A B 

Prelimi- Land. 
nary 

expenses. 

Rs. Rs. 
1,95,550 2,82,748 
... . .... 
. ... . ... 
.. , .. . ... 
. ... . ... , ... . .... 
... . . ... 
1,95,550 2,82,748 

. ... 14,137 

1,95,550 2,96,885 
.... ... . 
1,95,550 2,96,885 
. ... . ... 

1,95,550 2,96,885 

C WorkB. K 
I 

Perma- Service Buildin~s.: Tools aDd Establish- Total. 
moot WorkB. Plant. ment. 

WorkB. , 
I 

, 
Rs. Rs. Rs. Rs. Re. Rs. 
60,000 5,75,600 15,48,500 47,76,560 3,61,336 78,00,294 

31,82,997 8.;t9,!1.06 27,645 77,74,474 8,70,336 1,26,74,558 
60,14,383 9,81,896 27,645 6,61,864 8,70,336 85,56.124 

28,79,941 5,72,484 27,645 3,56,744 8,70,336 47,07.150 
27,30,251 4,98,534 27,645 3,66,744 6,31,066 42,4'4,230 
. ... 1,66,264 27,644 2,56,744 6,31,056 10,81,708 
.... , ... . .... . ... 1,47,720 1,47,720 

1,48,67,572 36.13,884 16,86,724 1,41,83,130 43,82,176- 3,92,ll,784 

8,18,871 2,26,014 . ... 7,09,156 .... 17,68,178 

1,56,86,443 38,39,898 -1:86,724 1,48,92,286 43,82,176 4,09,79,962 
. ... ,87,140 -68,77,540 . ... -74,64,680 

1,56,86,443 38,39,898 10,99,584 80,14,746 43,82,176 3,35,15,282 
15,09,840 9,06,400 . ... -24,16,240 . ... 

1,71,96,283 47,46,298 10,99,684 65,98,506 43,82.176 3,36,16,282 

Grand Total .. 3,35,15,282 Direct charges. 

-.. en 
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Abstract of Annual Expenditure on Permanent Works. 
--

._-

-

liminary year · . 
t Firs 

Seco nd 

rd Thi 
Fourt h 

.. · . .. · . 

.. · -.. · . 

Total · . 

Barrage. 

R •. 

60,000 

25.15,032 
31,62,391 

27,81,631 
27,10,108 

1,12,29,162 

Details Left Bank 
on Regulator. 

page. 

R •. 

197 ... . 

197 3,16,730 
199 18,41,179 

201 ... . 
201 3,51,826 

. . 25,09,735 
I 

. 

Details Right Details Left 
on Bank on Guide 

page. Regulator. page. Bank. , 
-

Rs. Rs. 

.. ... . · . . . 
197 5,11,927 197 99,826 
200 11,7] ,506 200 99,826 

. . 2,59,001 · . 99,826 
201 ... . · . . . 

. . 19,42,434 · . 2,99,478 

Details of Adjustments. 
Debit :-Permanent Works-

(1) Cost of Centres 

(2) Expenditure on other items as per detsils in «lStimate fOr 
plant with the exception of railways, moulds and cen-

Ra. 
1,83,110 

tering divided equally over 4 years , . .. 13,26,730 

Total .. 15,09,840 

Details Right Details 
on Guide on 

p~ge. 

I 
Bank. page. 

Rs. 

· . . ... · . 
197 . 71 ,164 197 
200 71,164 200 

201 71,165 201 
· . .... · . 

· . 2,13,493 · . 

Same amount, i.e. 

Deduct-
Cost of Net 

Total. Plant Total. 
charged 

to Works. 

For details 
Ra. see below. Rs. 

Rs. 
60,000 . ... 60,000 

35,14,679 . 3,31,682 31,82,997 
63,46,066 3,31,683 60,14,383 

32,11,623 3,31,682 28,79,941 
30,61,934 3,31,683 27,30,251 

1,6!,94,302 13,26,730 1,48,67,572 

Rs. 
.. 15,09,840 

Total .. 1/;,09,840 
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P~~manfi'nt Works. 

Expenditure in preliminary year. 

600. Purchase 300 tons of steel sheet piling for use in scaffolding, etc., oui> 
of stock ,required for 3rd year. 

or ~ or 
300 tons r at Rs. 200 per ton } 

15,000 square feet. l at Rs, 4 per square foot. 

Permanent Work •. 

601. Ezpenditure in First Year. 

Barrage-

(A) Right Bank . -.. • • · . 
(B)... Left " · . · . 
(C) Centres and shifting .. • • • • 
(D) Driving piles • •• •• 
(E) Cross piles at end of silllson's' work ' . • • 
(F) Excavation .. • • 

Barrage gates-12 at Rs. 58,035 each • 0 

Regulators-Left Bank-

(G) Khairpur West Regulator o. 

(H) Connecting wall-1521 feet 0 0 0 0 

(I) End abutment of Rohri Canal Regulator 
(J} Centering-Half number " 0 • 

(K) Driving piles ". .. 
(L) Cross piling at end of season's work •• 
-(M) Excavation 00 0 0 o. 

(N) Left Guide Bank, one-third • 0 

. Regulators-Right Bank...,. 
(0) South-Eastern Canal Regulator 00 •• 

(P) Connecting wall 0 0 o. .~ 

(Q) End abutment of Central Canal Regulator. 
(R) Centering-Half number 00 o. 

(S) Driving piles .. 
(T) Cross piles at end of season's work •• 
(U) Excavation .0. 0 •• 
(V) Right Guide Bank qqe-third · , 

602. Details for First Season's Works­

(A) Barrage-Right Bank-

1 land abutment .. .. 
1 end ,,-Floor .. .. .. 
1 '" " - Superstructure 

.. 

• 0 

•• 

•• o • •• ,Rs. GO,OO!) 

Rs. Rs.: 

o. 7,06,039 

· . 8,95,869 

• • 20,~27 

• • 23,353 ' - 63,360 _ 

•• 1,09,164 .. 6,96,420 

•• 1,66,814 .. 63,234 .. 52,039 .. 6,772 

• • 4,558 

•• 5,060 .. 18,253 ---.. 99;826 

.. 2,90,986 

.'. 1,30,614 

•• 52,039 

•• 4,946 

•• 7,252 

- 5,060 

•• 21,030 
----. 71,164 

Rso 

53,346 per one 
56,136 " 
39,542 .. 

" .. 

25,15,032 

3,16,73!) 
' ~9,826 

5,11,921 
71,164 

53,346 
56,136 
39,542 
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I) pier spans (scouring sluice)-Floor 
4 .... .. ,,--Superstructure • 
i abutment pier (scouting sluice)-FIoor 

" " " " " - Superstrucc 

ture .. 

(B) Barrage~LeftBank~' 

1 land abutment .. 
1 end 

1 " 
'1 scouring 

" -Floor .. 
" -Superstructure 

sluice pier span-Floor 

" . 

~ 

1 " 
" 

" " " -Superstructure •• 
" abutment pier-Span Floor •• 

-l " 
,,-Superstructure ., •• . . 

(0) Centres-Total'cos~: Rs. B:3~309,.:B~Y on~:-fourth 
in 1st year •••••• .. 

(D) Driving Pil~-Barrage-- ' 

2 End abutments • . • • 
2 Abutment Piers •• 
12 Ordinary " 
4 Rows CroBB Piles .. 

(E) CrOBB Piles, 15,B40 "Square feet 
(F) Excavation-By dredger" 

" hand .. 

.. 

Ra. Re. 
66,229 per one 3,31,145 
28,686 

" " 1,14,744 
81,093 

" " Bl,093 

60,066 
" " 30,033 

Total 7,06,039 
-----

53,346 per one 53,346 
56,136 " " 56,136 
39,542 " " 39,542 
66,229 

" " 4,63,603 
28,686 " " 

1,72,116 
81,093 " " B1,093 

60,066 ,,, 
" 30,033 

Total 8,95,869 
-----

20,827 20,827 

1,61S! per each 3,233 
1,360 " " 2,720 

. 1,120 " " 13,440 

990 " .. 3,960 

Total .• 23,353 
4 per square foot. 63,360 

95,196 
13,968 

.,-----

Regulator-Left Bank-

(G) Khairpur West Regulator 
{II) Connecting wall, 152i feet· . 
{I) End abutment of RuhriOanal Regulator­

Floor 
Superstructure .:' 

{J) Centering-Total pIovisioJl Rs. . 13,543 
say! in first year. . • . 

(K) Driving Piles-3 End abutments at Rs. 734 •. 
1 Pier at BIr. 555 • . • . 

1,09,164 Total •• 

24,467 
27,572 

-----

2,202 
555 

152! feet connecting wall at Rs. 975 per 100' 1,487 
Cr " OBB phes row .• 

(L) CrOBB Piles 
(M) Excavation-By dredger 

By hand .. 
,. .. 

.. 

314 

J6,633 
1,620 

1,09,164 

1,66,814 
63,234 

52,039 

6,772 

4,558 
5,060 

18,253 

, 



Regulator-Right Bank­
(0) South-Eastern Canal 
(P) Connecting waD, 315' ••. 
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(Q) End abutment of Central Canal Regulator-
Floor •• 
Superstructure •• • • 

(R) Centering-Total provision Its. 9,892 
8ay half in first year 

(S) Driving Piles-3 End abutments at Ra. 734 each 
3 Piers at Ra. 555 each 

Connecting waD, 315' at Rs.,975-100 
Cross Piles 

(T) Cross Piles 
(U) Excavation-By dredger 

" -By hand ••. , 

·603. Ezpenditure in 2nd year.­

Ba"age-

.~ 

.. 

Rs. 

24,467 
27,572 

2,202 
1,665 

.3,071 
314 

19,410 
1,620 

Re. 
2 abutment piers-Floor 
2 " ,,-Superstructure .. 77,992 per each 

60,066.. .. 

(A) 
(B) 
(C) 

16 pier spans-Floor . 
16 .. .. -Superstructure' . 
Centres-Shifting 
Driving piles 
Cross piles 
Excavation .. 

63,676 .. 
28,686 .. 

18 barrage gates . • 58,035" 
Purchase 1,290 r. ft. of 22' piling, i.e., 

28,380 square feet out of third year's 
requirement at Rs. 4 each square foot. 1,13,520 

And 1,065 r. ft. of 22' piling, i.e:, 23,430 
square feet out of. 4th year's require­
ment for temporary use, for P1Jlllping 
trenches .• 93,720 

__ -M __ 

.. .. 

" 

Total •• 

Left Bank Regulator-

(D) Rohri Canal Regulator •• 
Connecting wall 
Khairpur East Canal Regulator, 
Connecting wall •• 

Rs. 

2,90,896 
1,30,614 

52,039 

4,949 

7,252 
5,060 

21,030 

Rs. 

1,55,984 
1,20,132 

10,18,816 
4,58,976 

20,828 
22,620 
31,680 
81,485 

19,10,521 
10,44,630 

2,07,240 

31,62,391 

6,19,394 
63,234 

1,66,814 ' 
63,234 



(E) 
(F) 

Eastern Nara Regulator 
End sloping wall 
Centering 
Driving piles 
Excavatiol1 

. " 
•• .. 

Left Guide Bank, one-third .. 
Right Bank Regulators....:.. , 

(G) Central canal ' 
Connecting wall, 208' , 
Northern canal 
End sloping wall 
Centering 

(H) Driving piles 
(1) Excavation 

Right Guide Bank 

.. ' 

.. 

.. 

.. 
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.. .. .. 

• • 

· . 
• • 

.. 

604. Details of SeconiJ, Season'sWorh-

(A) Barrage­
Driving piles-

2 abutment piers at Rs. r,360 each .• 
16 piers at Rs. 1,120 each .. 
Cross piles, 2 rows, at Rs. 990 each .. 

.. 

.. 

.. 
•• 

.. 

.. 

.. 

Rs. 

2,720 
17,920 
1,980 

'(B) 
(C) 

Cross piling-7,920 square feet at Rs. 4 each 
Excavation-By dredger •• .. .. 66,486 

14,999 " -By hand· .. 

(D) 

Regulators-Left Bank­

Rohri Canal Regulator .. 
Deduct work done last year 

Driving piles-Total 
(E) Done last year 

Excavation-By dredger 
(F) ,,-By hand 

Regulators-Right Bank­

Central Canal 

.. 

.. 

.. 

.. 

· . ' 

(G) Dedu.ct end abutment done 1st year 

Driving Piles-Total 
(H) Done 1st year 

Excavation-By dredger 
(I) ,,-By hand 

•• 6,71,433 
52,039 

25,251 
4,558 

29,011 
. 8,076 

6,71,433 
62,039 

21,018 
7,252 

19,693 
5,391 

Rs. 
7,95,605 

68,347 
6,771 

20,69~ 

37,087 

18,41,17\} 
99,82~ 

6,19,394 
86,247 

3,53,722 , 
68,347 
4,941} 

13,766-
25,084 

11,71,506 
71,164 

22,62() 
31,68() 

81,485 

6,19,394 

20,693. 

37,087 

6,19,394 

13,761} 

25,084-
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~05. Expenditure in 3rd year­

Barrage-aame as 2nd year , .. 
18 gates at R.<l. 58,035 each 

Deduct-

28,380 square feet of piling purchas-

. Rs. 
19,10,521 
10,44,63/) 

29,55,151 

ed in 2nd year " 1,13,520 
15,000 square feet purchased in pre-

liminary year 60,000 

Right divide wall 
Excavation 

Left Guide Bank, one-third 
Right Guide Bank,. one-third 

.. 

Total expenditure in 3rd year •. 

606. Expenditure in 4th year­

Barrage-

.. 

1,73,520 

2,34,489 
24,512 

1( pier spans-Floor 63,676 per each. 
16.. .. --Superstructure 
1 abutment pier spans-Floor 
2 .. " -Superstructure .. 

18 ba~agegates 
Crane track 
Cranes 
Motor trollies •• 
I.ights .... 
Driving piles "[For details Ree below (A) ] 
Centering • , . , 
Excavation • • .. 

Deduct-

23,430 square feet of piling purchased in 2nd 
year at R.<l. 4 per square foot 

Left divide wall 
Excavation 

Total Expenditure in 4th year 

28,686 
" " 

77,992 " " 
60,066 

" " 
58,035 

" " 

Rs. 
27,8] ,631 

2,59,001 
99,826 
71,165 

32,11,623 -

8,91,464 
4,58,976 

77;992 
1,20,1~2 

10,44,630 
22,540 
24,000 
25,000 
40,000 
17,0·10 
20,826 
61,228 

28,03,828 

93,720 

27,10,108 

3,16,228 
35,598 

3,51,826 

30,61,934 



607, Details of 4th year's work­

(A) Driving Piles-
14 spans at Rs, 1,120 each 

1 abutment at RB, 1,360 
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Total 

SECTION V.' 

Rs. 
15,680 , 

1,360 

17,040 

Annual Expenditure on Plant, 

608, Abstract of Annual Expenditure on Plant-

Preliminary year 
First 

" Second 
" Third 
" 

Fourth 
" Fifth 
" 

Rs 
47,76,560-
77,74,474 

6,61,864 
3,56,744 

.3,56,744 
2,56,744 

Total outlay on Plant .. 1,41,83,130 

Plant. 

609. Expe:nditu e in Preliminary year-
Required 

(1) Railways 
in India by 

RB. 
Permanent way, 2' Oh 81,600 

} Rolling stock, 2' 0" - 2,93,000 August 
Locomotives, 2' 0" 80,000 
l)ermanent way, 5' 6" 13,70,8GO 

I RoHing stock, 5' 6" 5,96,000 September 
I..ocomotives-3 tank engines 66,000 f 

Total 24,87,400 
(2) Fleetr-

4 pontoons for pile driving 18,000 '} 2 motor boats 25,000 September, 
,I steam tug , " 90,000 

Total --- 1,33,000 
(3 ('l'iIllI'S--

2 Ten-ton hand derricks ,. 15.000 } 4 one and a half ton derricks 4,800 September 
1 five-ton steam loco, 10,000 
2 goliaths - 90,000 February 

Total --- 1,19,800 
(4) Pile drivers-

4 sets-Steam ' 54,000 September 
Total 54,000 



(5) Crushers-

2 stone breakers 
1 portable engine, 12 N. H. P. 

(6) Moulds 
(7) Workshop-Whole 
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Total " . 

Rs. 
14,000 
6,000 

(8) Water-supply-Whole except electric Pumps 
(9) l\Iortar mills-One set 

(10) Electric power plant-Whole 
(11) Piling-For wharves •. 

(12) Surveying instruments-Theodolites, leveL~, etc. 
(13) Miscellaneous Tools 
(14) Furniture 

Total for Preliminary year 

610. Expendtture tn 1st ye.ar­

(1) Railways--

Rolling stock, 5' 6"-

300 trucks 
Saloons 
20 brakes 
Loco. crane 

Locomotives 5' 6" 

.. 

... 
Deducting last year's purchase 

(2) Fleet­

Boats 
Pontoons and barges 

Total .. 

Total 
(3) Cranes- . 

Lot-deducting last year's purchase 

(4) Pumps-Plant 
(5) Pile drivers-

Lot--deducting last year's 
purchase 

(6) Crushers and mixers 
(7) Air compressors-Lot 
(8) Diving gear. 
(9) Water supp1y-Electric pumps 

(10) Mortar mills-Balance: . 
(11) Disintegrators-Lot 
(12) Electric plant transmission lines 

(13) Piling for 1st year's work 
301,200 square feet 

(14) Aroh centres-whole .. 

Total •• 

1,80,000 

4,50,000 
83,850 
57,600 
'56,660 
24,000 
83,000 
13,000 

1,70,000 

12,04,800 

3,64,620 

Re. 

12,00,000 
30,000 

1,40,000 
1,00,000 

~,46,000 

17,21,000 
, '6,29,000 

3,44,200 

.... 
" 

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

} August 

Rs. 
20,000 

1,60,000} F b 
1,09,700 e ruary 

1,46,000} A t 
17,000 ugus 

6,67,000 February 
5,00,160 September 

42,5001 
3,00,000 ~ August 

20,000 J 

4.7,76,560 

1 

~ April 
, 
J 

17,16,000 

23,50,0001 June. 

I 
3,44,200 ~ 

• 
1,80,000 I 

I 
4,50,000 J 

83,850 April. 

57,600} 
56,660 June 

24,0001 
83,000f A 'I 13,000 prl. 

1,70,000 

12,04,800 July. 

3,64,620 Jauuary. 



{15) Miscellaneous tools 
(16) Furniture •• 
{17) Annual repairs 

.. 

Grand Total for 1st year 

.. 

.. 
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Rs. 
4,00,000 

20,000 
2,56,744 

.. .. 
611. Expenditure in Second yoo,'r-

1. Annual repairs .. 
2. Piling balance .. .. 

• 

15,09,920 
12,04,800· 

3,05,120 

(Required in India by July.) 
3. Miscellaneous tools • • • • 1,00,000 

. Total for second year 

612. Expenditure in Third yoor-_ 

1. Annual repairs .• 
2. Miscellaneous tools 

Total for third year 

613. Expenditure in Fourth yoor-

1. Annual repairs .. .. 
2. Miscellaneous tools 

Total for fourth year 

614. Expenditure in Fifth yoo,r-

1. Annual repairs •• . " 

.. 

. . 
Total for fifth year .. 

615. Details of Annual Repairs to Plant-

:Railways--
Repairs to 5'-6" rolling stoek 

.. to 2' " .. 
" 

to 5'-6" locomotives 

" 
to 2' 

" 
Fleetr--

Repairs to boats 

" 
.. pontoons 

Crane&-

Repairs Ito cranes 
.. .. goliaths •• 

.. 

35.700 
14,800 
10,080 
4,320 

91,800 
19,400 
'-

18,700 
4,500 

Rs. 
4,OO,!lOO June. 

20,000 April. 
2,56,744 

77,74,474 

.. 

Rs. 
2,56,744 

3,05,120 

1,00,000 

6,61,864 

2,56,744 
1,00,000 

3,56,744 

2,56,744 
1,00,000 

3,56,744 

2,56,744 

2,56,744 

Total 64,900 

Total ] 11.200 

Total " 23,200 
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Pumping Plant- Repairs for "arne 
Pile drivers-

" " " 
Crushers and mixer&- " " " Moulds-

" " " Air compressor&- " " " 
Diving gear- " " " 
Workshop- . , 

" II " Water supply- " .. •• 
Mortar miIIs- .. " .. 
Disintegrators- .. II II 

Electric power- " " " Office furniture-
" " ,. 

Annual Total for Repairs 

SECTION VI. 
Annual Expenditure on Ser'vice Works. 

616. Ai'stract of Annual Expenditure on l3ervice Works-

Preliminary year 
First 
Second 
Third 
Fourth 
Fifth 

,. 

" .. .. 
" 

.. 

Total outlay on Service Works 

617. De'ails of adjustments-

Debit to Service Works-

V I I f r Railway Permanent Works-Depreciation 
o. 0 ~ , 

Report. M Ids D .. dR' l .lUOU - epreCiatlOn an epaJI'S 

•• 

Total 

Credit to plant the same amount, i.e" Rs. 9,06,400. 

Service Works. 

618. Expenditure.in Preliminary year-

Rs. 
1,800 

10,080 
5,192 
4,800 
2,880 
2,832 
3,520 
4,000 
6,000 
1,000 

13,340 
2;000 

2,56,744 

Rs. 
5,75,600 
8,19,106 
9,81,896 
5,72,484 
4,98,534 
1,66,264 

36.13,884 

7,32,400 

1,74,000 

9.06,400 



(2) Roads and bunds-­
Bunds 
Roads 

(3) Temporary water arrangements 
(5) Alignment towers 
(6 Pile driving-Wharves 
(7) Wharves 

2011 

(10) Store: -Depot lighting arrangements 
(11) Stores-Carriage of-Stores, onectenth 
(12) Lights and fans 
(13) Telegraph 
(15) Core boxes .. . '. 

Total in Preliminary year 

619. Exprmditure in First year­
(1) Railways-

620. 

5'-6" line, M. and R. 
2'-0" lelaying 

(2) Roads-
Roads, M. and R. 
Bunds 

(3) Water supply .. 

. . •• 

(9) Piling-Pile driving and withdrawing 
(8) Cofferdams 
(9) Pumps-27 pumps-5 months . 

(10) Stores-Stores Depot-M. and R shifting 
(11) Stores- Carriage 
(12) Lighting . 
(13) Telegraphs and phones-Hire 

Total Expenditure in First year 

Expenditure in Second year- . 
(1) Railway~-M. and R. .. 
(2) Roads and bunds--M. and R. 
(3) Water supply 
(6) Piling 
(8) Cofferdams 
(9) Pumping-34 pumps-5 months 

(10) Stores-M. and R. 
(11) Stores-Carriage one-fifth 
(12) Lights " 
(13) Telegraphs-M. and R. .. 

.. 

.. 
• • 

Rs. 
25,250 
20,000 

Total 

Rs. 
50,000 
8,400 

Rs. 

45,250 
25,000 
40,000 
22,650 
40,400 
2,000 

29,300 
39,000 
16,000 
40,000 

5,75,600 

Total 58400 

1,000 
550 

Total 

-.. 

.. 
•• 

•• 

1,550 
19,800 

1,10,592 
25,600 

5,10,000 
11,000 
58,600 
20,000 

3,564 

8,19,106 

58,400 
1,550 

19,800 
1,55,782 

11,200 
6,42,000 

11,000 
58,600 
20,000 
3,564 

To1al Expenditure in Second year •• 9,81 896 
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621. Experuliture in Third year-
(1) Railways-M. and R. •• •• 
(2) Roads and Bunds-M. and R. 
(3l Water supply 
(6) Piling .. 
(8) Cofferdams 
(9) Pumping-I6 pumps-5 months 

(10) Storea-:shifting 
(11) Stores-Carriage one-fifth 
(12) Lights •. . •• 
(13) Telegraphs 

•• .. 

Total Expenditure in Third year 

622. Expenditure in Fourth year­
(1) Railways 
(2) Roads and bunds 
(3) Water supply .. 
6' Piling 
9 Pumping-I3 pumps-5 months 

(IO) Stores----Shifting 
(11) Stores--Carriage one-fifth 
(12) Lights .. 
(13 Telegraphs 

... 

Total Expenditure in Fourth year 

623. Experu1iture in Fifth year­
(1) Railways 

624. 

(2) Roads and bunds 
(3) Water supply .. 
(6) Pile withdrawing-Wharves 

(10) Stores-Shifting 
(11) Stores--Carriage ore-tenth 
(12) Lights .. 
(13) Telegraphs aud telephones 

.. 

Total- Expenditure in Fifth year 
SECTION VII. 

Establishment. 
ANNUAL EXPENDITURE. 

Preliminary lIear-

.. 

.. 

- .. 

Direction, Rs. 7,730 per month 
Right Bank, ,,9,970 ,. 

XI2xi -
XIO 

Left Bank, ,,9,970 ., 
Power Supply, " 11 ,800 
Medical, " 5,423 
Audit, " 3,530 

" 
" 
" 

XIO 
X 10/2 
X 12/6 
X 10/2 

Ailil-Secretariat 
Total Establishment for Preliminary year 

.. 

Rs. 
58,400 

1,550 
19,800 
86,370 
11,200 

3,02,000 
11,000 
58,600 
20,000 
3,564 

. 5,72,484 

58,400 
1,550 

19,800 
79,620 

2,46,000 
11,000 
58,600 
20.000 
3,564 

4,98,534 

58,400 
1,550 

19,800 
22,650 
11,000 
29,300 
20,000 
3,564 

1,66,264 

Rs. 61,840 

" 99700 

" 99,700 

" 59,000 

" 
10,846 

" 
17,650 

3,48,736 
12,600 

Rs. 3,61,336 



625. First yea,r-

Direction 
- River Works" 

Right Bank 
Left Bank 
Quarries 
Power Supply 
Stores .. 
Medical 
Audit 

20S 

.. 

• • .. 
, . .. 

Total per month 

Add-Secretariat 
71,47SXI2 = .. 8,57,736 

12,600 

Total Establishment for First year 

(l26, Second year-
Same as first year. 

Add-Secretariat •• 

Total Establishment for Second year 

627, Third year-
Same as last year. 

A~ecretariat 

Total Establishment for Third year 

62S. Fourth year-

.. 

Rs. 

8,57,736 
12,600 

8,57,736 
12,600 

R, 
7730 

10,005 
9,970 
9,970 
7,000 

11,800 
6,050 
5,423 
3530 

71478 

8,70,336 

870,336 

8,70,336 ----

All except two divisions Right and Left Bank 71,478 per month, 
-19,940 

51,538X12 -
Add-Secretariat · . .. 

Total Establishment for Fourth year 

(l29. Fifth year-

Add-Secretariat • • • • 

Total Establishment for Fifth year 

630. Closing year­
Direction 
Audit 

•• 
•• · . 

Total per montli 
A~ecretariat .. .. 

.. 
• • 

Rs. 
7,730 
3,530 

1l,260X12 

Total Establishment "or c'os'ug year .. 

Grand Tota' for Establishment 

. . 

6,18,456 
12,600 

6,31056 

6,18,456 
12,600 

6.31056 

1,35,120 
12,600 

1,47,720 

43,82,176 
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631. 8ecret/.J1"ica Establishment to be charged to 13amJg6-
., Bs. 

One-fifth of the Chief Engineer's salary 
One Supervisor •• 
2 Clerks on Rs.I00 each 

.. 600 
250 
200 

1,050 per month. 
12,600 per year. 
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PART XIV. 

RATES FOR WORKS AND MATERIAL 

INDEX. 
I The Effect of War. and the general m.ethod of eatim.ating 

rates .. .. •• .. 
IT Iron and Steel Work .. 
ill Principal items of Ironwork required for Barrage and R&-

guJators-Permanent Works .. 
IV Schedule of Rates 
V Deteila of Rates . . 

PART XIV. 

THE RATES ADOPTED IN THE ESTIMATE. 

SECTION I, 

The Effect of the War and the general method; of 
estimating rates. 

PA.GE,. 
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216 
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632. Had. the war not occurred it is contended that there still would have 
been a general tendency for rates to increase, owing to the general upward ten­
dency of wages, and the improved condition of labour. Such increase would 
however be comparatively small and gradual. It is considered that a rise of 15 
per cent. in 10 years might occur from these causes. 

633. Schedules of rates from all the Sind Districts were called for in 1916 
showing current rates (i.e., .during the war) as compared with rates 10 years pre­
vious. In manycases rates for 10 years previous could not be given, owing to 
district schedules having been then very incomplete. In some cases the earlier 
rates were shown, having been taken as items from contractor's bills, but it is con­
tended that such rates are entirely misleading since they mayor may not givo 
even an approximate indication of the true cost of such items at that time. It is 
generally known and admitted that contractors "rig" their tenders by putting 
high rates for some items, and low rates for others, 80 that such rates may not 
represent the true value of any item. 

634. Unfortunately very little departmental work has been done in Sind 
and for the barrage, departmental work appears to be indicated. Even if work 
is let on contract, the quantities will be so great, and competition so keen, that 
the work will be done at bona fide (reel) rates. ' 

635. The incidence of the war, and the great temporary enhancement of 
wages of all classeS will no doubt leave some permanent increase after the war, 
th?ugh it is very difficult to forecast what this will amount to. 
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636. It seems probable that rates for labour will remain permanently about 
30 per cent. above the rates ruling immediately prior to the war. It has to be 
remembered tliat there is a great inflUx of returlling labour corps, and great num~ 
bers of casual skilled and unskilled labour recently employed abroad. . Also the 
prices of foodstuffs should fall again almost to pre-war level, while the great deve­
lopment of industries in India and of its natural products, during the war, will 
give Jar cheaper indigenous substitutes for many of the articles hitherto imported 
from Europe. All this will tend to reduce the cost of works in India. For instance, 
India 5 years hence ought to be self· supplying as regards iron and steel, cement 
and many chemicals. It is true these industries will absorb labour, but they will 
also, create "new classes of skilled labour hitherto unobtainable, besides presum-' 
ably reducrng the cost of these co=odities. 

" ." 
637. Now for the ba:r:rage construction, very large quantities of MateriaL 

will be used, principally stone and lime, which is found locally and is already the 
property of Government. There will therefore be no increase in the cost of the 
natural product, the only increase' being due to'the labour and plant used in ob­
taining and adapting it for use in works. 

638. I have already assumed that the cost of labour will be increased by 
30 per cent. over pre-war rates, but for work at the barrage conditions will be very 
special. The work will be very large; the site is healthy and convenient for labour, 
it is in a good labour centre, and will be well advertised. Arrangements for hous­
ing the labour and for all their supplies will of course be made and there ought to 
be no difficulty in attracting all the labour required at not more than local rates. . . .' .. . 

"639. But in addition to this, the work will be so large that the most up-to"date 
and efficient methods of work and of plant will be used, so that at similar rates for 

" iaboUr it ought to be possible to attain considerably lower rates for ,workS, than 
would be possible for small local works. I consider that such reduction of cost 
ought to amount to at least 10 per cent. of the pre-war rates for small local works, 
80 that allowing for a rise of 30 per cent. in cost of labour and a reduction of 10 
per cent. due to greater efficiency, the net increase in cost should not be more than 
20 per cent. above pre-war local rates. 

640. The North-Western Railway has carried out far more works in thP. 
Sukkur and Rohri neighbourhoods than ~he Public Works Department especially 
masonry and earthworks and some river works. - Th!ly also have a very full and 
detailed schedule of rates for such works (pre-war rates) and the Executive Engi­
neer, Sukkur, informs me t.hat he found it necessary in May 1918 to increase cer­
tain rates in this schedule for masonrv and allied works, but such increases amount . " 

to only about 20 per cent. over the pre-war rates. It appears therefore that this 
schedule may be taken to give liberal pre-u.ar rates and that it may form a useful 
ba8is for estimating post-war rates. 

641. I propose therefore to add 20 per cent. tothe rates in the North-Western 
Railway schedule to give reasonable rates for masonry and such items for" the 
barrage. 

642. In hi~ 1910 estimates, Mr. Beale advised very high rates for the various 
forts of nlason'ry, but he appears to have been guided in this, principallv bv his 



very wide experience of the cost of masonry 'in the ~eccan. The conditions are 
so entirely different in the Deccan, that this would seem to be misleading as a. 
guide tq Sind rat-es. The Deccan stone is a very hard trap which is difficult to 
quarry, comes out in rough blocks n~ding a good deal of dressing, and is 
~xtremely difficult, to cut,~, or dress on the works. The Aror stone on the 
-ether hand although very strong, is easy to quarry, can be wedged out in blocks 
-of any s~ and almost'to shape, and is very easily worked. 

643. Mr. Beale also collected a list of actual rates paid for vario!lSclasses 
-of masonry on works in Sind, but as already explained, these are very 'little guid­
ance, as they ar~ "rigged "contractors rates for one item. taken out of tenders 
for comparatively small works. The Public Works Department has not carried 
-out any really large stone masonry work near Sukkur or Rohri, on which it wo~d 
have been really worth while for contractors to compete a't low prices. , The 
xeconstruction of the Eastern Nara Head Regulator is the biggest work of the kind, 
and this was comparatively small, and a very 'troublesome work, with many petty 
items to be included under main heads, so that it does not form & reliable guide. 

, 644. The Jamrao Headworks form a far 'better indication of rates, though 
this site is 130 iniles from the Aror quarries hom which it obtained its stone sup­
:plies. The rates now adopted for the barrage estimates will be found to be very 
eonsiderably higher than those at the J amrao. 

SECTION it. 

Irorl ari~ s~eeJ Work. 

645. It is a more difficult matter to form any idea of rates for iron work, 
, plant, etc., and experience is no guide here. Some engineers' suppliers whom i 
have consulted say that rates for the next two or three years may be 100 per cent. 
to ,125 per cent. above pre-war rates. Others tell me that 50 per cent. is a reason­
able and likely figure to take, but there can be no approach to certainty about 
these items until tenders are invited, when the goods are to be actually 
purchased. 

646. For estimating purposes I have added 50 per cent. to pre-war rates for 
this class of work. 

647. In the case of the gates and machinery I have taken Mr. Ashford's 
~stimate of pre-war cost and added 50 per cent. to it. 

648. For arch centres, etc., I have added 50 per cent. to quotations for lattice 
girder work at pre-war prices by Messrs. Richardson and Cruddas. Bombay. 

649, For" Universal" Steel Sheet Piling I have estimated as follows: 

The cost of rolling the sections is no more than the cost of rolling ordinary 
I beams, channels, etc. The pre-war price for the piling was, however, higher 
than that of ordinary beams, the difference being due presumably to patent 
royalties. 
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The pre-war prices were roughly ·as follows:-

_ "Universal" steel piling/:15" X 5n
, delivered Karachi 

Ordinary beams, 15"X5" •••• .. 
Royalty-Difference 

Per ton. 
Rs. 
145 
110 

35 

The royalty is assumed to remain unchanged while 50 per cent. is added to 
the cost of ordinary beams=110 plus 55=Re.165. Adding royalty at 35 we 
.have Rs.200 per ton delivered Karachi. To this must be added freight from 
Karachi to Sukkur, say Rs. 8 per ton. Total cost =Rs. 208 per ton at Sukkur. 
The weight of the piling interlocked, being 43 lb. per square foot, there are 52" 
square feet to the ton. Hence the cost is Rs. 4 per square foot. 

Cost of Iron Work. 

650. Details of rates taken for various items of iron work are given in the 
preceding pages. A margin of about 50 per cent. has been allowed over the pre­
war rates. But it is possible that rates may not come down to this level by tliec 
time the works are started. It is not possible to eStimate this. 

651. A list of th~ principal items of iron work, required for permanent­
works, is therefore given. The total value of iron work will be about 75 lakhs. 
at the estimated rates. The net increase in cost, if iron work in each item costs.. 
Re. 10 more per ton than the estimated rate, is also given in the statement, 80-

that the effect of any increase in the rate for each item can be readily seen. 

652. In addition to the iron work required for permanent works, the initial. 
outlay on plant will be about 130 lakhs. If the plant cannot be purcnased al>­
the rates provided, the provision must be increased. 



SECTION III. 

Principal items of Iron Work required for Barrage and Regulators, Permanent Works. 

- Weight Rate Additiona1 oOit 
Iten>. Tons. per ton. Amount. for each rise of 

I\L 10 per ton. 

Ro. Ro. Ro. 
(I) Steel Sheet Piling-

PtnM'M:nf, 6,27,607 square feet .. · . .. .. .. · . .. . . .. .. .. . . . . .. ., . . 10,552 . ... 21.10.428 1,06,521 
(2) BOl'l'8f!e Gates and Counterweigh_ 

e6 gates at 4e tons each, 3.036 tons .. .. .. .. .. .. .. .. .." .. .. .. . \ 4.686 565 26,00,730 46.860 66 oounterba.l&nce casings at 25 tons each. 1,650 tons · .. .. .. .. .. .. .. .. .. .. .. .. 
6d grooves a.t 14 tons each, 924 tona " . . . . .. .. .. .. .. .. .. .. .. .. .. .. .. 924 420 3,88.080 9.240 
66 seta of free rollers . . . . •. . • .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. No. 66 3,000 each 1,98,000 . ... 
~ sets of .mec~ fOf lifting gates, ropes, etc. .. .. .. .. .. . .. · .. ., .. No. fi6 9,750 each 6,43,500 .. .. . ... ~ . .. ... '" · . ... 

. (3) Regulator Gates and Connterweigh_ . 
46 gates (.8et.s) at 17"' tons each, 783 tons •• ... .. .. .. .. .. .. .. ". " . .. " . ., I 1.053 555 6,84:,4Ui 10.5SO 45 counterbalance caainga at 6 tons each, 270 tona .. .. .. · . .. .. .. .. .. .. .. ." . I 
48 grooves at 7'9 tons .. . . · . .. .. .. · . .. .. .. .. " . .. .. .. .. .. 355i 420 1,49,310 3,566 
45 acta of rollers at Re. 52): per roller .. .. .. .. .. · . .. .. .. .. .. .. .. .. .. .. No. 45 1,365 each 61.425 . ... 
~ seta of mechanism for two gatea .. .. .. . . .. .. .. .. .. .. .. .. .. .. .. .. No. 45 4,000 each 1,80,000 . ... , 
45 lOts of mechanism for .ill .. .. · . . . .. .. .. .. .. .. .. . . .. .. .. ., . . No. 45 1,5~ each 67,600 .... , . 

(4) Rolled atee1 Buil'Se.tiona-
66 X 4 oompound beame for Bupporting barrage gates at I' 36 to .. aach · . .. .. .. .. .. .. .. . . .. 356'4 250 89.100 3.564 

(5) Crane lrack for barrage .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. 161 140 22,540 1,610 
(6) CenteringB for barrage-· 

9 · .. to t ....... lagging, etc. •• t 49 tom each, 441 tons .. · . .. .. .. ," .. .. .. . . .. .. I 585 370 2,16,450 6,850 9 seta trosaee for gate bri~ a\ 16 tons eaoh, 144 tons .. · . · . .. .. .. .. .. .. . . .. . . r 
144 o,lindera at Ra. 200 eac .. " .• .. .. .. .. .. . . .. . . .. .. .. .. .. .. No. 144 200 28,800 . ... 
Tie olto and holding down bollo .. •• .. .. .. .. .. .. .. .. . . .. .. .. . . .. 62 180 9,360 520 

Cut iron plates • • • • • , • • • • .. · , · . · . .. .. .. .. .. .. .. . . .. 133 150 19.950 1,330 
(7) era ....... , 

2·3·\oD steam oranea .. , . " .. .. ., .. .. .. .. .. .. .. .. .. .. .. No.2 12,000 each 24.000 .... 
6 motor troUeys .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . No.6 4,166 each 25,000 . ... 

(8) Lamps •• •• " .. .. · . .. .. .. .. .. .. .. .. . . .. .. .. .. .. No.lSO 300 39.000 . ... 
Elootrio molon for regnla.ton: .. .. " " .. " .. .. .. .. .. .. .. .. .. , . . No. 23 1,300 29,900 . ... 

. , . 
. Tot&! 74,87,488 .. .... .... . ... 

. • " . - - - , 
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SUKKUR BARRAGE PROJECT, 1919. 

SECTION IV. 

Schedule of Rates. 

11. Loose stone pltohing and chips 

.lI. Lime.coDQl'ete 

,3. 'Cement concrete 

4. .cooorete ·blecks .(oewpesit&l,1arguize 

" .. ( .. l small size 

lIB. B. p. 

8 "() 0 

17 '8 0 

45 0 0 

30 0 0 

115 0 0 

C. ft. 

100 

100 

.fl. Random rubble masonry in floors 27 0 0 100 

-6. Masonry, cement pointed 3" deep 32 0 ,0 100 

1. Coursed rubble in piers and abutments 40 0 0 100 

.s. Extra rate for dressing curved stonea for cut aDd ease 
wate1'll _ 20 0 0 100 

'9. Masonry in pilasters, string-courses, parapets, caps, etc., 
coursed rubble in lime with chisel hand-dressing in 
large blocks .. •• _ .. 90 0 0 100 

10. Pavement 70 0 0 100 

11. Arcbing-(Centering enra) 100 0 0 100 

12. Special hardstODe masonry •• 80 0 0 100 

13. Road metal 4 0 0 100 

14. Reinforced concrete slabs 120 0 0 100 

15. Reinforced concrete beams 150 0 0 100 

16. Rolled steel beams 180 0 0 Ton 

17. Cast iron 150 0 0 Ton 

18. Bolts, etc. 180 0 0 Ton 

19. !ron work in gates 555 0 0 Ton 

:20. !ron work in girders and trusses !ISO 0 0 Ton 
C. ft. 

"21. EJ;cavation with dredger 8 0 0 1,000 

:22. EJ;cavation wi~h hand in foundation 15 0 0 1,000 

:23. Embankment in guide banks down-stream side, mesn 
leed 350' and lift 12'.. 14 0 0 1,000 

:24. Embankment in guide banks up-stream 8id~, mean lead 
110' and lift 20' •• II 0 0 1,000 

25. EJ;csvstion not used in bank,lead 100' 6 0 0 1,000 

26. Steel sheet piling .. .. 4 0 0 One sq. ft . 
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SECTION V. 

Details of Rates. 
< I) Loose Stone PitcTting-

N. W. R. pre-war rates. 
RH. a. p. 

'(a) Stones not less than 10 seers in weight, good ha!d stone, 
at quarry ready for loading per 1,000 cubic feet.. •• •• 16, 0 0 

(b) Carriage of stone to barrage asswne lead 5 miles-
A.'lSuming 25 cubic feet per tOn at 2'4 pies per ton per mile­
=12 pies per 5 miles/ton •. 
=40 X 12 pies per 1,000 cubic feetj5 ruil~s. 
~ RH. 2-8-0 per 1,000 cubic feet . • 2 8 0 

(c) Unloading from trucks including shifting and stacking per 
1,000 cubic feet .• 10 0 0 

(d) Hand. packing in floor including lead of 100 feet laboUl' 
only 40 ,0" 0 

Add-20 per cent. for post-war rates 

Say RH. 80 per 1,000 cubic feet. 
Rate: RH. 8 per 100 c. ft. 

(2) lMne OG'/WTeZe 1~: 2: 4-

Per 1 00 cubic feet. 

'(a) Lime, cubic feet 25 at RH. 35 per 100 cubic feet 
(b) Sand, cubic feet 50 at RH. 5 per 1,000 cubic feet 
(c) Stone metal; cubic feet 100 at RH. 3 per 100 cubic feet 
(d) Mixing and laying • . • • • • 

Add-20 per cent. post-war rates, say 

,'. Rate is Rs.17-8 per 100 C. ft. 

'(3) Oement OG'/WTeZe 1; 3: 6 of it" broken stone­
Per 100 cubic feet. 

(a) Cement, 16 cubic feet at Rs. 2 per cubic foot .• 
,(b) Sand, 50 cubic feet at RH. 5 per 1,000 cubic feet 

.. 
(c) Metal (stone), 100 cubic feet at RH. 3 per 100 cubic feet 
(d) Mixing and laying .. .. 

.,4dd-20 per cent. for post-war rates 

... Rate is RB. 45 per 100 cubic feet. 

. , ',~ {80 percent. lime concrellB 
(4) Oomposite blockS oJ 20 per cent. cement concrete)-, 

.. .. 

'68 8 0 
13 8 0 

82 0 0 

8 12 0 
040 
300 
240 

14 '4 0 
340 

17 8 0 

32 0 0 
0 4 0 
3 0 0 
2 4 0 

37 8 0 
7 S 0 

45 0, 0 
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Per 100 cubic fed. 
80 cubic feet of lime concrete at Rs; 17-8-0 
20 cubic feet of cement concrete at Rs. 45 

(a) Large sized blo:;k&-

... 

Rs, a. p. 
14 0 0 
900 

23 0 0 

.4.dOr-For handling on to barges and laying in position by Boat-
ing' crane and divers 7 0 0 

:. Rate for large sized blocks is Rs. 30 per 100 cubic feet. 30 0 0 

(b) 'Smdl sized blocks , .. 23 0 0 
Add--For handling on to varges, etc.. . 2 0 0 

:. Rate for small sized blocks is Rs. 25 per 100 cumc fed. 

(5) &ndom Rubble Masorwy--
N. W. R. pre-war rate Rs. 22 per 100 cubilJ feet. , 

AdOr-20 per cent. for post-war rate Rs. 5 (say). 
o'. &lefor 100 cubic feet = Rs. 27 .. 

(6) MMonry in lime fI'i()I'f.M, cement pointed 3" deep-
3X6 "=18 
3Xll "=18 

2X36"' 72 

25 0 0 

1l0"X3"Xl" =330 cubic inches per 3 square feet.. 
=100 cubic inches per 1 square foot. 
=10,000 cubic inche& per 100 square feet. 
=6 cubic feet per 100 square feet. 

Cement mortar 1 : 1....., 

100 cubic ,feet sand at Rs.5 per 1,000 cubic feet 
100 cubic feet cement at Rs. 2 per cubic foot •• 
Mixing and laying 

.'. 160 cubic feet of mortar cost 

100 cubic feet of mortar cost 

.. 
Rs. a. p. 

•. 0 8 0 

200 0 ° 
480 

.. 20500 

. _ 130 0 ° 
We.have 150 cubic feet of masonry at Rs. 27 •. •• 40 0 0 
100 square feet of pointing = 6 cubic feet of mortar at Rs. 130 

for 100 cubic feet •• . . 8 0 0 

48 0 0 
for 150 cubic feet . 

• '. Rate is Rs. 32 for 100 cubic feet. 

(7) Coursed rubble in piers and abutments­
N. W. Ry. pre-war rate per 100 cubic feet 

Add--20 per Cent. for post-war rates 8ay-

... &Ie per 100 cubic feet Rs. 40. 

(8) Extra rate for dressing curvetl stmiU for cut and ease waters:-
Rate R,.20 per 100 cubic feet. ' 

Rs. a. p. 
34 0 0 

6 0 0 

4;0 0 0 
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(9) MalJorvry in pilaster8, etc.-

Per 100 cubic feet, N. W. Ry. pre-war rate •. 
Add-20 per cent. for post-war rates 

Add-l)O per cent. for dressing of more than.one face 

.'. Rate per 100 cubic feet .. 
(10) Pavement--

Rate for coursed rubble masonry per 100 cubic feet 
Add-75 per cent. for dressing, etc., per 100 t:ubic feet 

Rate-Rs. 70 per 100 cubic feet. 

(11) Arcki'Tl1J (Oentering e:dra}-

Based on current rates at Karachi and Sukkur. 

Rate-Rs.I00 per 100 mWic feet. 

(12) Special hatrdstor/£ WUlO'TIIfY for pamng floor of b~age. 
1" joints. 

Cement mortar required 

plus Bed 

=13" X I" X 15" 
=195 c. in. 
=7"X7"Xl" 
=49 c. in. 

-244 c. in . 

Re. a. p. 
50 0 0 
10 0 0 
30 0 0 

90 0 0 

40 0 0 
30 0 0 

70 0 0 

• '. Cement mortar required for masonry 7" X 7" X 15"='135 cubic inch ill 
244 cubic inch . 

• '. Cement mortar required per 1 cubic foot of masonry=244 cubic feet. . . .. .. 735 

.. 
" " " per 100 cubic feet=i~O cubic leet. 

=33'2 cubic feet. 

Cost of cement mortar 1 : 1-

100 cubic feet of sand at Re. 5 per 1,000 cubic feet 
100 cubic feet of cement at Re. 2 per cubic foot 

Mixing and laying • • ., . 

.'. For 160 cubic feet of cement mortar= 

.'. For 100 cubic feet of cement mortar= 

.'. Cost of 100 cubic feet of hardstone masonry- . 

33' 2 cubic feet of oement mortar will cost 
. Stone at Re. 0-4-0 per cubic foot .. 

Laying at Re. 0-2-0 per cubic foot 

.'. Rate i& Rs. 80 per 100 cubic feet. 

Re. a. p. 

080 
200 0 0 
480 

205 0 0 

130 0 0 

43 0 0 
25 0 0 -
12 0 0 

80 0 0 
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(13) Road MetaTr-
N. W. Ry, pre-war rate lor 100 cubic feet .• 
Add- 20 per cent. for post-war rate 
Carriage .. , • . . . . .; 

.'. Rate for 100 cubic feet=Rs. 4. 

(14) Reinforced concr,ete slab~, 2/~71"X5/-3"X31". 

.. . . 

Es. a. p. 

2 8 0 
0 8 0 
1 0. 0 

4 0 0 

Contentsof slab=* cubic feet at 45 per 100 c. ft. 2 0 0 

Steel, 12 lb. (6 rods i" X 5/-3" long)= ~ cwt: at Rs. 13-8-0 per 
cwt ..... ,. 180 

Labour for laying and mixing and forms 1 0 0 

,', Cost per 4 cubic feet '. 

.'. Cost per 100 cubic feet 
Say Rs. 120. 

,', Rate per 100 cUbic feet=Rs. 120. 

(15) Reinforced concrete beams-

480 

.. 112 8 0 

Rate per 100 cubic feet of reinforced concrete slabs 1'20 0 0 
Add-25 per cent. more for extra reinforcement whieh will be 

required in the beams. . 30 0 0 

150 0 0 

.'. Rate fot reinforcd, concrete beams=Rs. 150 per 100 cUbic Iet;t. 
(16) RoUed steel Beams-

Pre-war rate •. . . • . 
Add-.50 per cent. for post-war rate. 

Say Its. 8 per cwt. . 
., Rate per ton-Rs. 160. 

(17) Cast iron--
. 

Pre-war tate per ewt. 
Add-.50 per cent. for POSt-WlIX rate' . 

• '. Cost per ewt. 

... Rate per ton, Rs. 150 
(18) BolU, ete.-

Rate, Rs. 180 per ton. 
(19) IronWork in gates-

Ashford's pre-war estimate •• . '. 
. Add-50 per cent. for post-war rate 

.'. Rate per tofI-Rs. 555. 

Rs. a. p. 
5 4 0 per cwt.' 

2 10 0 " " 

7 14 0 

Rs. a. p. 

370 0 0 
... 185 0 0 

555 0 0 

Rs. a. p . 
5 00 
280 

780 

per to~ . 

" " 

" .J 
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(20) lronWOTk in' girders and trusS6S-

Pre-war rates-Ironwork, per ton 
Carriage " .. 
Handling '" " 
Erection 

Add-50 per cent. for post-war rates 

.'. Rate per too, Rs. 480. 

{21) Excavaticm with dredger-

Rs. 8 per 1,000 culnc feet. 

, , . , 

Details in Report, paragraphs 523-529. 

{22) Excavati~ with hand in foundation-

Wet excavation RB. 15 per 1,000 culn:c feet. 

{23) Embankment in guide banks, downstream side, etc.­

Mea.n lead 350', llit 12'-

Dr. Summer'srate per 1,000 cubic feet 
Add-20 per cent. for post-war rates 

, . 

:. Rate per 1,000 cubic feet is Rs.14. 

<24) Embanlcment in guide banks upstream side­

Mean lead 100', lift 20'-

Dr. Summer's rate per 1,000 cubic feet •• 
Add-20 per cent. for post-war ra.tes, say •. 

... Rate per 1,000 culn:c feel, RB.11. 

~25) Excavation not used in bank­

Mean lead 100'-

Dr. Summer's rate per 1,000 cubic feet 
Add-20 per cent. for post war rates, say, • 

,'. Rate per 1,000 culn:cfeet Rs. 6. 

{26) Steel Sheet Piling-

.. . 

Universal steel sheet piling as per details in para, 649. 
Rate per square foot Rs. 4. 

.. 

, . 

Rs. a. p. 

.. 23000 
20 0 0 

•• 10 0 0 
60 0 0 

.. 

.. 

320 0 0 
160 0 0 

480 0 0 

11 8 0 
280 

14 0 0 

8 14 0 
220 

11 0 0 

4 14 0 
120 

6 0' 0 
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PART XV. 

LIST OF ESTIMATES. 

Abstract of total cost of Barrage 
" of Preliminary expenditure 

Estimate of land to be acqmred 

SECTION 1. 

Abstracts. 

.~ 

Summary of estimates of Main Heads of Permanent Works of Barrage 
" of all items of Service Works 

Estimate of cost of all Buildings 
Summary of estimate of all items of Plant 
Estimate of cost' of Establishment 
Qeneral Abstract of Main Heads of Barrage 

" of Main Heads of Regulators on Left Bank 

II " U "on Right Bank 

SEC'fION II. 
Detailed Estimates. 

List of complete detailed e3timate3 

BARRAGE: 

Floor-centre tO,centre of arch and one ordinary pier-ordinary slmces 
" ., " oJ abutment pier-ordinary sluices 

' .. J 

" "" ordinary pier scouring sluice portion". 
J! " " "a.bu~ment pier scouring sluice- portion 
" end abutment and junction with ioad bridge (centre to centre of 
gate bridge arches and road abutment) 

Superstructure-centre to centre of arch and one ordinary pier 

" " " and one abutm.ent pier 
.. road bridge end abutment with! span of arcli 
u gate IJ IJ 

Abstract of oost of centres for Bal'1'age Arcl!e8 
Coat of one set of cel!-tres including trusses and lagging 
Weight of one truss for centering of Barrage Arches, 60' span 

" set of centres for Road Bridge Arch 
.. .. Gate for Bridge Arch 

Details of removable portions of support for centres-ordinary piers 
" ,,-abutm.ent piers 

.. bmlt in portions of support for centres-ordinary piers 

.. II II -abutment piers 
Cost of placing and removing centres 
One set of gates complete 
Co'l of Crane Track, crane, motor trolleys and lights for Gate Bridge 
Total oo.t of Drilling Piles (for Barrage, Left and Right Bank Regulators) 
Total Cf'OSS Piling at end oj se~on's work (for Barrago, Left and Right Bank I 

Regulators) 
Excavation for Barrage J 
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REGULATOR!:\. 

Floor-Centre to centre of Arch and one ordinary pier 

.. of last aroh to end of abutment 'foundations 
. Superstructure-Centre to centre of arch and one ordinary pier 

.. .. . and one abutment pier 

.. -Centre of last arch to end of abutment 
Electric motors for working Gates and Regulators 
Connecting Wall between Regulators per 100 feet 
End Wing Wall at upstream end of Regulators 
Centering for Regula tor Arches 
Left Divide Wall in River 
Right Divide Wall in River 
Excavation for Regulators 

GUIDE BANKS. 

Method of Estimating earthwork in Guide Banks .. 
,Left Guide Bank-

Balik Work (above and below Barrage) 
Cutting 
Pitching 
Stone Chips 
Apron 
Con crete Blocks 

Right Guide Bank-' 

" 
" 
" 
" 

" 

Bank work (above and below Barrage) 
Cutting .. 

Pitching .. 
Stone Chips " 
Apron .. 
Con crete Blocks .. 
BunderWall 

, , .. , , . 

•. J 
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PART XVI. 

Some principal items of Interest in the Barrage Work. 

Item. 
(1) Loose Stone Pitching 
(2) Ordinary masonry 
(3) Out Stone masonry 
(4) Excavation by dredger j. 

.. 15,540,000 c. ft. 
13,000,000 " 

1,000,000 " 
52,600,000 " 

(5) Wet'excavation by hand ill foundation 
(6) Earth work in Guide Banks 

. 5,000,000 " 

" 10,400,000 " 
(7) Concrete Blocks 
(8) Steel Sheet Piling-

Permanent 527,000 squar!3 feet or 
Temporary 500,000 square feet or 

(9) Iron Works in Barrage Gates 
'(10) Iron Work in Regulator Gates 
{ll) Lifting Machinery and rollers for Barrage Gates Rs. 
(12) Lifting Machinery and rollers for Regulator Gates " 
(13) Rolled Steel Sections, plain, and worked into trusses, etc. 
(14) Electric Power required 
(15) Railways, Broad-gauge 

2' Gauge 
(16) Fleet-

Dredgers 2 
Steamers 5 
Motor Boats 6 
Barges and Pontoons 85 

(17) Cranes 
(18) Pumps with Electric Motors, 8" 
(19) Pile Drivers 
(20) Initial outlay on Plant 

.. 

.. .. 

2,350,000 " 

10,500 Tons. 
10,000 " 
5,600 " 
1,400 " 

8,50,000 
3,10,000 

1,300 Tons. 
2,600 H. P. 

40 rniles., 

10 " 

38 
40 
34 

1,39.00,000 



LIST OF PLANS . . 

227 

PART XVII. 

. . . . .. .. 
Frontispiece Perspective View. 

\ 
General Plans. 

Index Topo. sheet showing Barrage and Heads of proposed clInals. 

Pages. 

227-230 

Vol. IV. 

Plan 
No. 

Scale 1 mile = 1 inch. . I"' 
Do. do ... i,,=I .... 2 

General Plan showing layout of all Barrage permanent works and 
guide banks, etc. SClde 400' = 1 inch . 3" 

Plan showing Barrage,Canal Head Regulators. Downstream Guide Banks 
and part of Upstream Guide Banks Scale 100' = 1 inch.. 4 

Plan showing Upstream Guide Bank and Bunder Wall on Right Bank 
River from chainage 2,200' to 9,600' from Barrage 
of • Scale 100' = 1 inch.. 5* . . 

Plan showing Upstream Guide Bank and Bunder Wall on Right Bank 
of River from chainage 9,600' to 14,900' from Barrage, i.e., up to ' 
Lansdowne Railway Bridge; Sukkur Scale 100' = 1 inch " 6* 

Plan of Left Bank of River showing Upstream Guide Bank from chainage 
2,100' to 9,900' from Barrage Scale 100' = 1 inch . 7* 

Plan of Left Bank of River showing Upstream Guide Bank from 
chainage 9,900' to 16,400' from Barrage, i.e., 1lp to Lansdowne 
Bridge, Rohri Scale 100' = I inch.. 8* 

Sections of River Banks. 
Longitudinal Section Right Bank showing Downstream Guide Bank, 

Regulators and Upstream Guide Bank and Bunder W!l-ll to 
14,900' above Barrage, i.e., to Railway Bridge at Sukkur 

Scale 300' = I inch .. 
" 30' = I inch.. 9* 

Longitudinal Section' Left Bank showing Downstream Guide Bank, 
Regulators and Upstream Left Guide Bank up to chainage 16,400' 
from Barrage, i.e., Lansdowne Bridge, Rohri. Scale 300' = 1 inch .. 

.. 30' = I inch .. 10" 
Cross Sections of Right Bank of River at chainage' 0' to 900' below 

Barrage Scale 30' = 1 inch .. ' 11* 
Do. ' 100' to 1,100' above 

. Scale 30' = 1 inch .. 
1,200' to 2,900' above 
Scale 20' = 1 inch .. 

Do. 

Do. 

Do. 

Do. 

Do. 

3,000 to 4,600 above Barrage 
Scale 20' = 1 inch .. 

4,700 to 6,300 above Barrage 
Scale 20' = I inch •• 

6,400 to 8,000 above Barrage 
Scale 20~ = 1 inch .. 

8,100 to 9,700 above Barrage 
Scale 20' = 1 inch 

-These pla.na have Dot been reproduced.. 

12 

13* 

14* 

16* 

17* 
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Sections of River Banks. 

·Cross Sections of Right Bank of River at chainage 9,800 to 11,400 above 

Vol. IV 

Plan 

_ No. 

Barrage ' Scale 20' = 1 inch .. 18* 
Do. 11,500 to 13,100 above Barrage 

Scale 20' = 1 inch .. 
Do. 13,200 to 14,900 above Barrage 

19* 

Scale 20' =-1 inch .. 20* 
Cross Sections of Left Bank of Riv~r atchainage 0 to 1,000 below Barrage 

Scale 30' = 1 inch .. 21 * 
Do. 

Do. 

100 to 600 above Barrage 
Scale 30' = 1 inch .. 

700 to 1,200 above Barrage .. 
Scale 30' = 1 inch. 

- and 
1,300 to 1,800 abGve Barrage 

22 

Scale 20' = 1 mch 23 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

and 30' X 1 inch 
1,900 to 3,600 above Barrage 

Scale 20' = 1 inch .. 
3,700 to 5,400 above Barrage 

Scale 20' = 1 inch .. 
5,500 to 7,200 above Barrage 

Scale 20' = 1 inch .. 
7,300 to 9,000 above Barrage 

Scale 20' = 1 inch .. 
9,100 to 10,700 above Barrage 

Scale 20' = 1 inch .. 
10,800 to 12,400 above Barrage 

Scale 20' = 1 inch .. 
12,500 to 14,100 above Barrage 

Scllle 20' = 1 inch .. 
Do. 14,200 to 15,800 above Barrage 

24* 

25* 

26* . 

27* 

28* 

29* 

-30* 

Scale 20' = 1 inch .. 31 * 
I 

Do. 15,900 to 16,300 above Barrage 
Scale 20' = 1 inch .. 32* 

Plan showing details of junction of Right Guide Bank and Bunder Wall 
and of raised Bunder Wall Scale 10' = 1 inch 33 

River Sections. 
Cross Sections of River on Barrage Discharge Section Line for year 1917 

Scale 200' = 1 inch. Scale 20' = 1 inch .. 34* 
Pross Sections of River on Barrage Discharge Section Line for year 1918 

(January to September) Scale 200' = '1 inch .. Scale 20" 1 inch. . 35* 
Cross Sections of River on Barrage Discharge Section Line for year 1918 

(September to December) Scale 200' = 1 inch 
Scale 20' = 1 inch 36* 

• Theae plana ha.ve not been reproduoed. 
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River Sections. 

• Cross Section of River on Barrage Discharge Section Line for year 1919 

Vol IV. 
PIan 
No. 

{January to June) Scale 200 = 1 inch. Scale 20' = 1 inch.. 37* 
Cross Section of River on. Barrage Discharge Section Line for year 1919 

(June to September) Scale 200' = 1 inch. Scale 20' = 1 inch .. 38* 
Maxima and ·Minima Cross Sections of River on Barrage Discharge 

Section Line (1917 to 1919) Scale 200' = 1 inch . 
Scale 20' = 1 inch .. 39 

Plan and Longitudinal Section of River from Bukkur. to below Barrage 
showing bed and water levels Scale 1,000' = 1 inch 

Scale 5' = 1 inch 4() 
Esna, Barrage Egypt. 

Cross Section of Barrage Floor with Stability Diagram 
Scale 20' = 1 inch 41 

Details of Barrage. 
CrOBB Section of Barrage and Scouring Sluice Floors with Stability 

Diagrams Scale 20' = 1 inch .. . 42' 
Detailed . Plan, Elevation and Section of Barrage Superstructure 

Scale 8' = 1 inch .. 43 
Detailed Plan of end spans and abutments of Barrage and junctions 

with Regulators, Guide Banks and roads Scale 8' = 1 inch .. 44 
Detailed . elevation of end spans and abutments of Barrage 

Scale 8' = ~ inch . .45 
Details of girders for supporting Barrage gates and counterweights 

Scale 2' = 1 inch .. . 46 

Alternative Designs. 
Details of reinforced concrete counterweights for Barrage and Regulators 

Scale 2' = 1 inch '.' 47 

Barrage Stability Diagrams. 
Stability Diagram for ordinary. pier 6f Barrage, Longitudinal .section 

. Scale 8' = 1 inch .• 48 
St.ability Diagram for abutment pier of Barrage in CrOBB Section 

Scale 4' = 1 inch .• 49 
Stability Diagram for end abutment of road bridge of Barrage 

Scale 4' = 1 inch •• 50 
Stability Diagram for land abutment of Barrage gate-bridge and 

connecting wall Scale 4' =1 inch .. 51 
Stability Diagram for road-bridge arch of Barrage Scale 2' = 1 inch .• 52 
Stability Diagram for Upstream arch, 8' wide, for gate-bridge of Barrage 

Scale 2' =1 inch 53 
Stability Diagram for 

Barrage 
Downstream arch, 5' wide, for gate-bridge of 

Scale 2' = 1 inch 

Details of Gates. 
Details of gates by Mr . .Ashford (Traced from Amritsar Workshop 

54 

. DraWing No. 1160) Scale 4' = 1 inch 55* 

• These plans have not been reprodul?t"ct 
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Details of Oates. 
Vol. IV. 

plan 
No. 

Details of grooves and rollers by Mr. Ashford (Traced from Amritsar 
Workshop Drawing No. 1150) Scale l' = 6 inches.. 56* 

Alternative Design-Steel Superstructure. 

Plan, elevation and Section of Barrage, adopting Mr. Ashford's design for 
steel superstructure and road-bridge Scale 8' = 1 inch. • 57* 

General Design for Barrage with steel superstructure by Mr. Ashford 
(Traced from Amritsar Workshop Drawing No. 1161). 

Scale 16' = 1 inch~. 58* 
Type design for steel road-bridge by Mr. Ashford (Traced from Amritsar 

Workshop Drawing No. 1047) Scale i" = 1 foot.. 59* 

Regulators. 

General elevation showing regulators on both banks. Scale 50'=1 inch. 60 

Cross Section of floor of regulator with Stability Diagram. 
Scale 20' = 1 inch.. 61 

·Plan and elevations of regulator showing junction with Guide Bank 
and all wing walls. Scale 8' = 1 inch,. 62 

Cross Sections of regulator, connecting wall and sloping wing wall at 
end of regulators Scale 8' = 1 inch.. 63 

Cross Section showing details of divide wall Scale 3' = 1 inch.. 64* 

Stability Diagrams. 

Stability Diagram for pier of regulator (Longitudinal Section). 
Scale 4' = 1 inch. . 65 

Stability Diagrams for abutment pier in cross section and end abutment 
of regulators Scale 4' = 1 inch.. 66 

Stability Diagrams for gate-bridge arch, and road-bridge arch of 
regulators Scale l' = 1 inch.. 67 

Alternative. Type Design for' Regulators. 

General design of regulator. with steel superstructure by Mr. Ashford 
(Traced from Amritsar Workshop Drawing No. 1245). 

Scale 4'= 1 inch.. 68* 

Working Plans. 

General Pian showing layout of all temporary works, railways, sheds, 
etc., and land to be taken up at site of Barrage. 

Scale 400' = 1 inch.. 69* 
General Plan showing Barrage Railway to Sand and Stones Quarries. 
, Scale 400' _ 1 inch, . 70* 

, . 
Plan of Barrage showing cofferdams and work to be done in each season. 

Scale 100' = 1 inch.. 71 
Cross Section of Barrage and Regulator Floors showing method of 

excavation (Dredging Plan) Scale 20' = 1 inch.. 72 
Details of centering for Barrage Arches Scale 2' = 1 inch.. 73 
Cofferdams and work to be done in each season and other details. •• 74 

• 'l'h.,ae plBdl8 have Dot been reproduoed. 
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PART XVIII. 

List of Appendices (Volume II). 

A.ppendix A. Brief History of Sukkur Barrage and Sind Triple Cana.la Projects 
1904 to 1919. 

.. 

.. 

.. 

.. 

.. 

.. 
,. 

" .. 

" 

" 
" 
" 

" 

.. 

B. Report of Secreta.ry of Sta.te's Committee, appointed to investigate 
the scheme for the Sukkur Barrage and Rohri Canal. 

C. Correspondence of the Government of Bombay in their letter No . 
W.I. 10515, Public Works Department, dated Bombay, 23rd 
September 1915. 

D. A note on the Proposed Barrage and Canals System by the Honour­
able Mr. H. S. Lawrence, C.S.I., I.C.S., Commissioner in Sind. 

E. A note on Surface and Bed Levela of the River Indus at Sukkur 
during great floods and the estimated AfHux due to Barrage by 
Mr. A. A. Musto, Executive Engineer, Sukkur Barrage Project 
District. -

F. Tables of Heights of the River Indus on the Bukkur Gauge from 
. 1848. 

G. A note by Mr. A. A. Musto, Executive Engineer, on the design of 
floors of weirs and undersluices. 

H. Report on Quarries by Captain Townshend, R.E., Executive Engi­
neer attached Sukkur Barrage Project District. 

I. Tests of Compressive strength of Kalka and Aror Limestone. 

J. Statemel!t-showing average monthly and maximum gauge read­
ings of Indus at Sqkkur during period 25th September to 15th 
April in years 1909-19. 

K. A note on Suction Dredgers by Mr. A. A. Musto, Executive Engi-
neer, Sukkur Barrage Project District. 

L. Stability Calculations for Barrage and Regulators. 

M. Sta.tements showing River and Canal Discharges. 

N. Comparative estimates for Barrage with masonry superstructure 
and Barrage with steel superstructure. 

O. Saving due to making counterweights for Barrage Gates of Rein­
forced Concrete. 

P. Cost of Road Bridge debita.ble to Provincial Funds . 

Tho Tim. h •• ~bay.-'l1 20" 


