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Synopsis of Note in reply to Mr. Woods' Lecture on 
Sukkur Barrage. 

Deals with seasons of drought, and. deficiency of water supply. 

This is answered on page 13 of the Note, where it is shown that 
such seasons occur frequently, and will be aggravated by the Sutlej 
Project withdrawals. 

Are descriptive of the irrigation of India, and of the Punjab iii. 
particular. No comments. 

Deal with the history and development of the Western Jumna 
Canal, which is quoted as an example of the dangers of water-logging, due 
to high intensity of winter cultivation. 

This is answered on page 13 of the Note, where it is shown 
that the. conditions were due to faulty design, and that winter irrigation 
III now increasing, relatively to the summer irrigation. 

Deals with the history of the Lower Chenab Canal. 

This is answered on page 13 of the N.ote. It is shown that this 
• 

canal proves the necessity of a weir at Sukkur. 

Suggests that the lessons of practical experience should be used in 
the design of new works. 

Reply on page 13 shows this has been dorie in the Sukkur Barrage 
Project. 

Are descriptive of the geodesy of the Punjab and Sind. No 
comments. 

Refer to canals of Madras, Behar and Egypt, and clailns that their 
. barrages are luxuries. 

This is answered on pages 13 and 14, where it is shown that they 
are vital necessities. 

Is descriptive of Punjab Irrigation history. No comments. 

Explains Mr. Woods' reasons for criticising the Sukkur Project. 
No comments. 

Is descriptive of Sind and present irrigation statistics. No 
comments. 

Is a brief account of the Sukkur Project, and criticises the officer 
preparing tile scheme. No comments. 

Compares Sind and Middle Egypt, and purports to show that 
Egypt has better natural drainage. 

This is answered on page 43 of the Note, where it is shown that 
the natural drainage of Sind is better than that of Egypt. 
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Deals with the subject of water-logging, and alleges that the 
matter has received scant attention from those responsible for the Sukkur 
Project. . Quotes a part only of what is said to be "almost the only 
reference to sub-soil water levels in the Project Report". 

This is answered on page 14, where it is shown that t,here 
are 73 paragraphs in the Report (of which Mr. Woods quotes only half 
of one) dealing with this subject, and that a sum of Rs. 1,09,72,000 is 
provided in the estimates, for works to deal with sub-soil water levels. 
The subject is dealt with again on pages 26 and 27 and on pages 41 
and 42 of this Note. 

Describes the original site selected for the Barrage at Sukkur, and' 
states that all experts who have dealt with the subject, for the past 70 
years, have rejected the idea of a weir as dangerous and unsatisfactory. 

This is incorrect. The first proposal for a Barrage was made in 
'1902 by Mr. Dawson, and it was to be at the same site as that adopted 
in the 1911 Project, which was rejected as unsatisfactory. 

States that the top of the Barrage gates in .1911 Project was kept 
'lt R. L. 192, in order· to minimise obstruction to the river's flow. 

This is answered on page 14 of the Note, where it is shown that 
the level of the top.of the gates has nothing to do with obstruction to 
river flow, or danger to embankments, but was fixeu at R. L. 192 in the 
1911 Project, because that was the level Dr. Summers required for 
the Rohri Canal. 

This matter is again referred to on page 82 of the Note. _ 

Deals again with the height of the Barrage gates, and alleges that 
the designers have misunderstood the problems in connection with 
afllux and backwater. 

This technical matter is fully dealt with on pages 15 to 18 of the 
Note, where it is shown that the problem has been fully understood, and 
provided for in the Project. 

Mr. Woods also states that the river water level at B/takl.:ar, i.e., 
above the gorge, is on the average, at or above, 194'5, throughout Jnne 
to September period, and that therefore the anthors of the Project 
may have felt bound to hold the water to this level at all times, if they 
were to claim to be improving the condition of the canals. The average 
water level for 72 years, at this point, was below 194,5, in Jnne and 
September, and in many years very much below it, so that even if the 
Barrage only maintained a constant level of 194'5 at Bltakkar, through
out the 4 months, Jnne to September, it would create a great improve
ment. Actually it will maintain this level, at all times, at a place 3 miles 
below Bhakkar, where the natural level is II feet lower than at Bhakkar. 

Give some Hydraulic Data of the Indus near the Barrage site. 

No comments. 



Criti:ises the desi"un of the Barrage, and attempts to show that; 
SIt mIL"\' ai'CIlIIlnlate in the approach channels to R L. 1St, i.e., 2 feet 
.bon> the ma.."Onry sill of the regulators, and that therefore silt must be 

eanYd into the canals. 

TIll" actual conditions .-hich would occur, and the hypot.hetical 
conditions Yr. Woods assumes, are fully inwstigated on pages 18 to 21 
of the Xote, and it is shown that the conditions he as5U1JlfS are impossible, 
and that the actual conditions will be quite satisfactory for exclusion of 
heavy silt from the canals. 

Crit:iciSl's the dl'Sign of the Rohri Canal (19-20 Project) on the 
a.s;;umption that the value of "~, " adopted therein, is too low. 

This highly technical point is fully discussed on pages M and 65 
of the Xote, where it is clearly shown that there is ample justification, 
from actual expE'nence and experiment in Sind, for the value adopted. 
TIll" authority for its adoption is given on page 21 of the Sote. 

Yr. Woods maL.-es other assumptions in this paragraph, which are 
disclL.~ and shown to be incorrect, on page 22. 

Sug.,uests that the Full Supply Level of the canals mnst be lowered 

9I'..-eral f~t. 

It is shown on page 22 that this sugge..--tion would be useless, even 
if the conditions assumed Wl're to actually occur. It has already been 
shown 00 pages 18 to 21 that they will not occur. 

C1aims that there is no justification in past experience for the 
ratio of winter to snmmeT crops adopted in the Project. 

TIll" reply on page 22 shows there is ample justification for an even 
higher ratio. The statb"1ics quoted on page 46 also confirm this. 

ParaImopb 
33. 

AlI~ that suffu:-ient use is not JDade of the water available in ParaImopb. 
3oi. 

the 5IllIlDler SOOSOD. 

The wply on page 22 shows that the ma.~um economic increase 
of ;;ummer culti..-ation has beton provided for, and aggregates an increase 
of 600,0(10 acres per annum. 

Ad.-illl('e!! the claims of other portions of Sind, and of the Punjab, 
to a share of the winter ftow of the ri..-er. 

This question is di.<cnssed on page 22 of the Note. 

Criticises the Xote writteo by the Hon'ble Yr. H. S. Lawrence to 
show the .-alue of the a&mred supply to be given by the Barra"ae Canals, 
e:-"]X'CiaIly in a b. .. d year like 1918-19 .. Purports to prove that, even on 
the Pert"nnial Canals of the Punjab, the eultivation faUs as he. wily, in a 
year of bad rainfall, as it does at present in Sind. 

The .-hole argument is deliberately dishonest, and based on a 
misrepll"i'entation of facts. 

On pages 23 to 26 it is sholtU that Yr. Woods obscures the real 
issue, ri::., that erops in Sind are independent of rainfall, 3I!d depend 

I'anl!<Tapb 
3i. 
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solely on the level of the river. Whereas in the Punjab the crops depend 
largely on the heavy rainfall, even in 'the areas served by Perennial 
Canals, and the area of cultivation assessed is often limited by the capa
city of those canals in the winter season, It is shown also that Mr. 
Woods deliberately chooses different years, for his comparison of Punjab 
figures, to those used for the comparison of Sind figures, and omits to 
explain the essentially different factors which govern the cases. 

He also. mis-quotes, and befogs, the whole of Mr. Lawrence's 
statements. The argument in favour of the Sukkur Canals is shown to 
be far stronger than Mr. Lawrence put it. 

Pa~~t·ph Is a precis of his succeeding arguments in the Appendices to the 

Para~raph 
40. 

Paragraph 
41. 

lecture. 

Each of these appendices is dealt with separately in this Note. 

Gives a financial forecast for the Sukkur Project, based on all 
Mr. Woods' inaccurate assumptions, which are dealt with in other 
sections. He limits the possible extension of irrigation to 3,700,000 
acres, utlimately, owing to assumed water-logging. This is discussed 'on 
pages 26 and 2.7 of the Note. 

Suggests an " alternative" to the Sukkur Project of 1920. 

The reply on page 28 shows that this is not an alternative to the 
Project, but is merely an alternative to one part of it, and entirely neglects 
the remainder. 

Mr. Woods declares definitely that he would have no Ba'T1'age at all. 

He gives examples of existing canals in the Punjab, North-West 
Frontier Province, and Behar, to show that a Barrage is' unnecessary. 

These examples are discussed on pages 28 and 29 and it is shown 
that every one of them fails to prove his contention, and on the contrary, 
they all support the case for a Barrage at Sukkur. 

The details of the alternative design for the Rohri Canal, given by 
Mr. Woods, are examined on pages 30 to 32, and it is shown from actual 
recorded data, that the whole design is quite impossible and unworkable. 

In his alternative design Mr. Woods selects the new Barrage site, 
as the point of off-take of his canal. It is shown that by doing so he has 
taken advantage of the very great superiority of this site, as compared 
with the original site, though he has denied this superiority. 

On page 31 is shown how Mr. Woods deliberately neglects all 
difficulties to his own suggestion, by omitting, in one calculation, the 
silt which he shows in another, and to remove which no means exist, 
nor can be provided by him, without a Barrage. 

AppendiX. A, Mr. Woods discusses the culturable and gross areas, commanded by 
the Sukkur Project, and compares the per~entage of former to latter, 
with the corresponding percentages in the Punjab and Madras. Argues 
that the figures for ;he Sind Barrage Zone, viZ., 87 per cent. of ~ros.s 
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are taken too high. Refers to previous estimate made by l'IIr. W. It. 
Lucas in 1909, and suggests that present increased figure is due to differ
ence of opinion of two equal experts. 

Reply, on page 33, shows that the comparisons with Punjab and 
Madras are useless, and JIiIr. Woods' deductions therefrom are illogical. 
Shows that figure for culturable area, now adopted, is the summary of a 
detailed soil survey of the whole area, made by specially trained men; 
whereas that of Mr. Lucas was merely a guess-work estimate, based on 
his general knowledge of the country. 

JIiIr. Woods compares the tract to be irrigated, on the Thar Canal 
in the Sukkur Project, to that in the Thai' Project of the Punjab, and 
argues that the percentage of culturable to gross area should be the same 
in both. 

Reply on pages 33 and 34 snows that whereas the ThaI Project 
actually irrigates in the sandy desert described, the Thar Canal nowhere 
enters this sort" of country, but is bounded by it, and merely takes its name 
from it. 

JIiIr. Woods discusses the final intensity of irrigation, provided for 
in the Sukkur Project, and compares it with actual intensities in the 
Punjab. His figures show that, on the Lower Chenab Canal, the actual 
intensity attained is 70 per cent. of gross area, as against 71 per cent. 
estimated, for final intensity, in designing the Sukkur Canals. In the 
first place, the intensities he quotes, for Perennial Canals in the Punjab, 
are not correct for recent years, as is shown in pages 40 and 41 
of this Note. Actually, intensities varying from 76'5 per cent., to 70'7 
per cent. have been obtained on the Upper Bari Doab. and Lower Chenab 
Canals, during the past two years. But he contends that owing to rise 
of sub-soil water level in the Lower Chenab area, the Punjab cultivators 
have ceased to take water in the winter season. . 

He makes similar statements in regard to the Upper Chenab, 
the Lower Bad Doab, and the Lower Jhelum Canals. 

On pages 35 to 39 of the Note, extracts are given from the 
Administration Reports of the Punjab Irrigation Department, which 
completely disprove his assertions. in regard to. each canal, and which 
show, on the contrary, that 'irrigation on all these systems is steadily 
increasing, and is limited only by the amount of water available in the 
canals. and by the rainfall, on which, even in· the perennial areas of the 
Punjab, the area of crops sown greatly depends. The Sind Canals are 
designed to make cultivation entirely independent of rainfall, on which 
no crops can be raised in Silld. 

Appendix B, 
Section 1. 

WATER-LOGGING.-Mr .. Woods again reverts to this subject and Section I. 

states it is the winter irrigation, principally, which causes water-logging, 
and that in the Punjab they do not allow perennial irrigation where the 
sub-soil water level is less than 25 feet below the surface. He argues 
that the same rules should apply in sind. 
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On pages 41 and 42 it is poin~ out, that the rainfall in the Pun
jab is largely instrumental in raising the sub-soil water level, and that 
the rainfall of Sind is only about 1 to lth of the Punjab rainfall; while 
the new Sind canals are designed not to interfere with drainage, as many 
Punjab canals do interfere. It is shown that, if his rule were applied to 
Madras, all winter irrigation would cease; but every drop of water avail
able is used there. 

Section 3. PRESERVATION OF WELL IRRIGATION.-He states that perennial 
irrigation is not permitted m the Punjao, on areas irrigated to any 
extent by wells. 

It is shown on page 42 that the Punjab Government now 
provides perennial irrigation in the areas served by wells. Moreover 
the area irrigated on wells in the Sind Barrage Zone is insignificant,
less than 1 per cent. of the gross area. 

Section 4. LEVEL OF SUll-SOIL WATER TABLE.-1Hr. Woods gives diagrams 
to show the sub-soil water levels in Sind, and suggests that -the new 
canals will raise these levels. 

On page 42 it is shown that the present canals of Sind block all 
natural drainage, and that this will be altered, when the new canals 
.are made. All natural drains will then be kept clear, and new drainage 
channels cut, while great works (costing I09lakhs) are to be construct
ed to improve the natural drainage. He goes on to compare the drain
age conditions of Sind with those of l\liddle Egypt, to the detriment of 
the former, and states that much of the Egyptian irrigation is "lift", 
and should be the same in Sind. 

On page 43 it is shown that the natural drainage of Sind is better 
than that of Egypt, while the Egyptian Government is building barrages, 
and making new canals, to command all land by .. flow." 

Section 5 PROPORTIONATE AREAS OF SUMMER -AND WINTER IRRIGATION.-
l\Ir. Woods says the Sukkur Project learns nothing from experience 
in Egypt, and gives figures to show the low intensity of perennial irri
gation in Egypt, and the small proportion of winter irrigation. 

On pages 43 to 45 it is shown that the object of the Egyptian 
Government, now being carried out, is to give perennial irrigation to 88 
per cent. of the gross area of Egypt, while even at present 61 per cent. 
of the perennial irrigation is done in the winter.-

He says the area irrigated in the winter in l\Iadras is insignificant, 
and is always less than the summer irrigation. 

On pages 45 and 46 it is pointed out that Madras Canals compare 
only with the rice canals of the Sukkur Project, a~d actual figures for 
Madras Canals are quoted, which show that the actual intensity there 
is 90'5 per cent. of culturable area, or exactly the same figure as adopted 
for the final, intensity on the Rice Canals of the Sukkur Project. 
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He goes on to say that there is no justification, in or out of India, 
for the assumption in the Project that final winter cultivation will be 
double the summer cultivation, on the perennial canals. 

Statistics of Punjab canals are quoted on page 46 to show that 
the winter cultivation, although limited by the supply available in 
the rivers and canals, is more than double the summer cultivation, and 
would be more still, if more water were available in the winter. 

Mr. Woods refers to a letter of the Government of Bombay, dated 
30th August 1918, in which they said that, in the estimates, only equal 
areas of rabi and kharif, (viz., 27 per cent. of cnlturable for each), would 
be assumed. It is shown on page 47 that, in the 1920estimates, 
the area of rabi irrigation estimated for, in the lOth year after completion, 
when the work had become productive,was only 26'5 per cent. of cul
turable, and of kharif only 25'5 per cent. of culturable. It is also stated 
that with the revised financial forecast, allowing for increased rate 
of interest on loans, (6 per cent.), and for sales of land, the work is still 
productive, (pays about 11'6 per cent.), in the lOth year after comple
tion, with the same estimated areas of cultivation; so that the fonal 
anticipated increase of rabi cultivation is not necessary, but. will 
almost certainly be attained in the 30 years estimated. The canals 
are designed to make this possible. 

FORECAST OF AREA TO BE IRRIGATED EACH, SEASON, ANNUALLY. Section 6. 

-Mr. Woods works out an ingenious forecast of his own, in which he 
adopts what, he alleges, are some of the figures used in the 1920 Pro-
ject; and purports to show the area of winter and summer irrigation 
in the project. 

This forecast is examined on pages 47 to 49 of the Note, where 
it is shown that he has misrepresented, and misquoted, the Project 
figures. 

Mr. Woods also makes many forecasts, based only on his own 
opinion. On pages 48 and 49 it is shown, by extracts from Punjab 
Reports, that Mr. Woods' forecasts were not infallible in connection 
with his own canals, and have long been surpassed on the Upper Chenab 
Canal, which is still developing. 

1. THE PROJECT ESTIMATES OF Co ST.-Mr. Woods compares Appendix C. 
the cost of the Sukkur Project Canals with those of the Punjab Triple 
Canals, on the basis of their discharge at head, and neglects all other 
considerations. 

On pages 50 and 51 of this Note. it is shown that they are in no 
, way comparable. 

But in order to adopt his method, a comparison is made, between 
his own Project for the ThaI Canal, dated September 1919, and the! 
Suk1:ur Project, dated July 1920. It is shown, on pages 51 to sa, that. 
the cost ,of the Sukkur Project is Rs. 20" per acre of gross area. com
manded, ,while the Thal Project is only Rs. 18'4' per acre of gross 
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area; and this in spite of the fact that the latter is to be an entirely 
new canal system, in a desert count.ry, and requires heavy cross 
drainage works, and protection from river erosion; all which conditions· 
are far ·worse than in the case of the Rohri Canal. 

ESTIMATE RATES.-l'iIr. Woods refers to the addition· of 255 
lakhs, to the estimates for plant and ironwork, by the Government of 
India, and says they overlooked the necessity for revising the other 
rates. 

It is explained on page 53 that the addition to cost of ironwork 
was anticipated in the Report on the Project, and that the other rates 
were carefully. studied, and considered by the Government of India 
10 be sufficient. 

J.\-Ir. Woods goes on to criticise the Rates for works, provided 
in the Sukkur estimates, and gives a comparative table of a few items 
of Sukkur Barrage Rates in 1919, Sukkur Canals Project Rates 1920, 
and Punjab Rates 1920. (The latter are taken from his own ThaI 
Project.) 

This matter is investigated on pages 53 to 58. It is shown 
that in the items quoted by him, he has changed the nomenclature 
of some items to suit his purpose, and that such changed items do 
not exist in the Sukkur Estimates. A correct comparative statement 
for these items is shown on page 55 of the Nqte. It is explained on 
pages 55 and 56 that all building materials, for the Punjab works, have 
to be. carried by public railways, distances varying from 491 to 328 miles 
in the case of the Sutlej Valley Project, and 100 to 150 miles in the case 
oi. the ThaI Project; whereas for the Sukkur Project all building materials 
can be had, in unlimited quantities, within 3 miles of the Barrage, and can 
be carried, by a private works-railway, right on to work. Similarly, 
materials from Europe, 01' carried by sea, have to travel from Karachi, 
300 miles to Sukkur, but 800 miles to the Thai Headworks. 

A comparative statement of rates, for principal items of work, 
is given on page 56, from which it will be seen· that, for most items, the 
Sukkur Project rates are far higher than J.\-Ir. Woods' rates in the ThaI 
Project. 

Page 57 shows that the Sukkur Project allows for an all-round 
increase of at least 30 per cent. over pre-war rates, whereas the New Delhi 
works are costing only 25 per cent. over pre-war rates. 

It is shown on page 57, by quotations from l'iIr. Woods' report, 
that his rates in the ThaI Project are from 20 percent. to 30 per cent. 
over pre-war rates. 

Section a. HILL TORRENT 'YORKs, NORTH-WESTERN CANAL.-lIIr. Woods 
st atE'S t.hat the CORt of works, designed to pasR the troods of the Baluchis
tan hills ar.rOSR the North-Western Oanal, has been omitted from the 
Project. 



It is shown on pages 58 to 60 that this is incorrect, and Mr. Woods 
has misunderstood the proposals. 

He further ~ays the Paharpur Canal is similar to the proposed 
N orth-Western Canal, and has proved a financial failure, on account of 
the cost of its cross drainage works. 

It is shown on pages 60 and 61 that there is no comparison between 
these two canals, and that the failure of the Paharpur Canal is due chiefly 
to its silting up, owing to the shifting nature of the river at its head. It 
is a very small inundation canal, which flows for 6 months only each year. 

PROVISION FOR MAINTENANCE BEFORE COMPLETION.-Mr. Woods Section I. 

states that no provision has been made in the Sukkur Project for this 
item, and says that the actual cost of this item on the Punjab Triple 
Canal Project, under pre-war conditions, was Rs. 20,00,000. 

On page 62, it is shown that both statements are ~ncorrect. The 
correct amount for the Triple Project was Rs. 11,89,000 actually expended, 
against an estimate of Rs. 13,00,000. 

The amount provided in the Sukkur Project is Rs. 11,63,000 
and is shown to be ample for the conditions. 

PROBABLE TOTAL CosT.-Mr. Woods proceeds to make an esti- Section 6. 

mate based on his previous incorrect statements. 

AB stated on page 63 these llave all been disproved, and it is useless 
to discuss his conclusions therefrom. 

CANAL DESIGNS. KUTTER'S COEFFICIENT.-Mr. Woods discusses Apppendix D. 
. age 727, • 

the value of " N, " adopted for the design of the Sukkur Canals, which he Section 1. 

alleges is too low. 

. This is fnlly discussed on pages 64 and 66 of the Note, which shows 
there is ample justification from experience and experiment in Sind for 
the value adopted. Some actual values obtained in Sind are given in the 
statement on page 65. These all show lower values than that adopted 
in the Project. The matter is also discussed on pages 21 and 22. 

SILTING OF CANALS PROBABLE.-Mr. Woods'. arguments in this Section 2. 

Section are all based on his inaccurate assumption above, and are there
fore vitiated by the disproof of that assumption. 

He further suggests that the authors adopted this low value in 
order to keep down the cost of the works. 

It is explained, on page 66, that works were first designed on scien
tific principles, and then estimated at reasonable rates. The cost of the 
Project was no\ even approximately known, until a fortnight before the 
completion of the three years' work involved, when all items could be 
totalled up, and the financial forecast prepared. 

Loss OF l-IEAD IN ENTRY.-Mr. Woods alleges that in the summer, Section 3. 

when the menn velocity of the river is 6 or 7 feet per second, the loss of 



Section 4. 

Section 5. 

Appendix G, 
Page 7!!9. 

Ifr 

head in entry will be o· 7 foot. This is not disputed but it is shown, on 
page 66 that it is immaterial at such times, as there is always ample head 
to spare. It is'only in the winter season, when velocity is low, and loss 
of head in entry will not exceed O· 3 foot, that this low figure is needed. 

DURATION OF EXECUTION OF THE PROJECT.-Mr. Woods alleges 
that the works cannot be completed in the time allowed in the Project. 

This is discussed on pages 67 and 68 where it is shown that the 
proposals are reasonable and possible. 

GROSS REVENUE RECEIPTs.-Mr. Woods discusses the estimated 
Revenue receipts, and attempts to show that these are unattainable. 

The matter is answered on pages 69 and 70. 

Re goes on to discuss average water levels, and alleges that the 
Barrage gives ll<? improvement to the levels in the summer season, and 
therefore cannot claim credit for increase of revenue. 

It is shown, on pages 69 and 70, that the Barrage does very 
greatly improve the levels in Canals, even in the summer, and that the 
increased rates are properly credited to the Project. 

WORKING EXPENsEs.-Mr. Woods discusses the proVIsIOn for 
working expenses of canals and alleges that the figure adopted for the 
Sukkur Project is much too low, as compared with Punjab experience. 

His examples are examined on pages 71 to 73 where it is shown 
that 'some are not comparable with the Suklmr Canals, and that others, 
though much more extravagant works, indicate that the rate adopted in 
the Project is sufficient. 

It is admitted, however, that further investigation of this point, 
appears to indicate that somewhat higher rates shonld have been assumed 
during the years while cultivation will be extending. This is one of the 
few useful pieces of criticism, which has disclosed a slight error in the Pro
ject. The margin of profit is so wide, however, that the Project can 
easily bear an enhancement of 50 per cent., or more, to working 
expenses, during these years. 

[This ends Mr. Woods' lecture, which may be described as an 
ingenious and industrious attempt to shake confidence in' the Project, 
by methods of argument, which are either singularly misinformed, or 
of dubious honesty.] 
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Synopsis of Discussion and Correspondence on Mr. Wood!>' 
Paper and of the Replies thereto. 

LORD LAMINGTON-lIlakes remarks which show he has been Page 73C. 

misled on the only point he refers to. This is explained on page 74 of 
the Note. 

LORD .SYDENHAM-Appears to have seen only the opponents' 
version of the Project. Discussed on page 74 of the Note. 

SIR LIONEL JACOB-Admits his information is derived only from Page 731 

Dr. Summers and Mr. Woods. Discussed on page 74 of the Note. 

MR. SYDNEY PRESToN-Declines to express an opinion on the 
Project. No comments. See page 74 of the Note. 

DR. T. SUMMERs-Savs he only asks for an examination of the 
• • 

Project in the hard light of facts. 

It is hoped this Note will satisfy his wishes. Dr. Summers 
alleges Sir Sydney Crookshank was responsible for articles in Pitmeer. 
This is believed to be untrue. 'Page 75 of the Note. 

COLONEL SIR C. YATE, BT.-Says Mr. Woods has great experience 
of the Indus. On page 75 it is shown Mr:Woods has no experience of 
the Indus, or of local conditions, in Sind. 

MAJOR GENERAL BERESFORD LOVETT-Refers to the' vagaries 
of the Indus. This is discussed on page 75 of the Note . 

. SIR JAMES WILSON-:-Adni.its he is basing his remarks on informa· 
tion given by Dr. Summers and Mr. Woods. He deprecates the tendency 
to consider irrigation schemes piecemeal, which is exactly what 11k 
'Woods and Dr. Summers advocate. 

He advances a suggestion for considering the best use that can 
be made of all water available. On pages 75 and 76 of the Note it is 
shown that this has been done, both in the Punjab and Sind. 

He urges the desirability uf greatly increasing water rates, which 
is the opposite of the Sukkur Project opponents' views, but is thoroughly 
agreed to by the authors of the Project. 

He discusses the underground flow of seepage water to Sind. 
This is answered 011 pages 76 alld 77 of the Note, where it is shown there 
is no net retllrn of seepage water to the Indus at Sukkur. 

He questions the safety of the Project, as regards the possibility 
of an avulsion. It is shown on page 78 of the Note, that the Barrage 
does not.hing to increase such a possibility, which has always existed, 
but has never eventuated. 

[This ends the discussion and correspondence on Mr. Woods' 
paper.] 
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Synopsis of Sir John Benton's letter, dated the 23rd 
August 1922, to the Secretary of State for India, 

and reply thereto. 

Sir John Benton admits he bases his remarks on the addresses 
of Dr. Summers and Mr. Woods. 

No comments on these paragraphs. See page 79 of the Note. 

:J;)iscusses the selection of new site for Barrage and says London 
Committee is not responsible. 

Reply on page 79 shows that· only Dr. Summers has alleged that 
this is suggested. The reasons for selection of the site are explained. 

Sir John Benton argues that the original upper site for the Barrage 
is safer than the present site. 

This is discussed on pagel! 79 and 80 and it is shown that the lower 
site is safer than the upper one. 

He further argues that the water at the new site will contain more 
silt than at the upper site. 

Note. 

This is discussed and disproved on pages 80 and 81 of the Note. 

Deals with the same matter, and is discussed on page 81 of the 

Sir John Benton discusses the demonstration of the alleged 
economy of the change of site, and attempts to show that the demon
stration fails. This is answered on pages .81 and 82 of the Note which 
shows that very great economy is effected by the changed site, quite 
apart from the increased height of the Barrage gates, on which, alone, 
Sir John Benton bases his argument. 

Paragraph 10. Sir John Benton alleges that the increase in height of gates will 

Paragraphs 
11 to 16. 

cause increased danger of an avulsion. . 

This is discussed and disproved on page 83 of the Note. 
Need no comment. 

[This ends Sir John Benton's letter.] 
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Reply to Mr. Woods' Lecture. 

(Par!lgraphs and pages in margin refer to the " J ol1rnal of the 
Society of Arts," Nos. 3641 and 3642.) 

Mr. Woods admits that two or more seasons of drought result, in Page 705, 

f · h ' I S' d Paragraph 1. amme, and t at one season of deficiency produces dIStress. n m, 
the seasons of deficiency on one or other canal, occur nearly every year, 
resulting in the distress Mr. Woods admits. Two or more successive 
seasons of acute shortage are not uncommon, and these occasionally 
(as in 1918-19) result in famine, or quasi famine, conditions, with the 
present system of irrigation. These conditions will be greatly aggravated 
and cultivation made still more hazardous, by the construction (now 
proceeding) of the four barrages for the Sutlej Project, which will have 
the effect of retarding the commencement of the inundation in Sind by 
at least 10 or 12 days, and will similarly shorten the duration of the 
inundation by an equal time at the end of the season. These are the two 
most critical periods for inundation cultivation; as the sowing of the 
crops cannot be delayed beyond a oertain period, now only just attainable 
innormal years, while the last waterings now obtainable, just suffice to 
mature the principal crops grown. 

Mr. Woods' description of the evil effects of the Western Jwnna 
Canal in its early days is not disputed, and they were due, as he himself 
shows, to the extreme bad alignment and design of the canal. As soon as 
these conditions were rectified, the state of the country impro:ved, as 
might have been expected. No such evil conditions will be present in the 
properly aligned, and designed, canals of the Sukkur Project. 

~~ ... 
Page (~ 
l'aragrapb~ 

5 to 7. 

The present irrigation on this system (average of 10 years ending Paragraph 8. 

1918-1919) was 669,000 acres or 25 per cent. of gross area of which III 
per cent. was in the kharif season, and 13l per cent. in the rabi season. 
An eJ[Jtmination of the records shows that, contrary to Mr. Woods' sugges-
tion, the rabi cultivation is increasing relatively to the kharif culti-
vation. 

The Lower Chenab was a complete failure until the weir was built, 
and was then an immediate success. The inference is obvious, and may 
be applied to the Sukkur Project. 

All available lessons of practical experience have been utilized and 
applied in the designs of the new Sind Canals. The rules for design are 
clearly stated in the project and are probably more careful and detailed 
than in any previous project. 

The Esna and Assi01\t Barrages in Zone III (lIIiddle Egypt), and 
the projected one at Nag Hamadi, are not 1lll."Ufies, but are necessities to 
give early water ill February to cottOll, and water to grow restorative 
crops 011 the cotton land in the winter. 

Paragraph 9. 

Pllrag-raph 
10. 

Pa~c 7G~. 
P8r8~rRpt-M 

18 and 19. 
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Without .water in February the cotton crop could not be grown, 
and the restorative crops in the winter save vatit SUIUS, which would 
otherwise be needed for artificial manure. 

With regard to Madras and Behar, before the construction of the 
weirs at the heads of the deltas of the Cauvery, Krishna, and Godavari 
Rivers, and of the weir across the Sone River at Dehri-on-Sone, the 
areas now irrigated by the Canals now fed by them, suffered from chronic 
famine. It is therefore difficult to see how they can be classed as luxuries. 

These three deltas of Madras are now densely populated by a pros
perous peasantry. 

l;:;'~;;:b Mr. Woods says that scant attention has been paid to water-logging 
27. in the project. This problem is inseparably associated with ilraiJUlge 

which is the preventative of water-logging. He says.there is only one 
reference to subsoil water levels in the project, and he quotes only half of 
that reference. Actually there are 73 paragraphs in the RepOTt dealing 

;Ir~~!~i~ with the subject. of drainage. He quotes half of one paragraph.* It 
has been clearly explained that every natural valley line has been left 
unobstructed, that land has been acquired along all such valleys, so that 
a strip can be kept clear of cultivation, jungle, etc., to allow free 
passage to all surface water; and further that directing channels will 
be cut along the bottom of all of them, which must lower the subsoil 
water level in the bottom of the valley at least to the bed of such channels, 
which will be roughly graded and have an average depth of 4' by. 25' 
below ground for main drains, and 3' by 15' for branch drains. No 
obstructions of any kind will be allowed on sllch drains; all .canal. cross
ings being by aqueducts, and all roads by bridges. or dropped causeways. 
All drains are provided with efficient outlets. The total amount pro
vided in estimates for drainage works is Rs. 1,09,72,008. 

Pa~e 713, 
l)arag-raph 

28. 

The level of the top of the gates in the 1910 project was not kept 
at R.L. 192 in order to minimise obstructions to river flow, as stated by 
Mr. Woods. The height of the gates has nothing to do with this, since 
all water is passed below the gates, whether they are regulating the river 
or leaving it entirely free. The height of the gates was fixed at R.L. 192 
because that was the level required by Dr. Summers for the Rohri Canal, 
and was made the best of for the other canals. What affected the flow 
of the river in flood season was the level of the permanent masonry sill of 
the Barrage, which was kept at R.L. 176 in the 1910 project, and is the 
same in the 1920 project. 

But at the 1910 site for Barrage, i.e., just above the entrance of the 
gorges, the natural average bed level of the river was much lower than 
R.L. 176, (See Sketch No.1), whereas at the 1920 site of Barrage the 
average bed level of the river is considerably above R.L. 176 (viz., R.L. 
179-See Sketrh No.2), so that the permanent sill ran offer no obstruc
tion to the flow of the river. On the contrary it will be possible to scour 
the patural bed to R.L. 176 if desired and thus give a greater waterway 
for the passage of floods. The 1909 permanent sill completely masked 
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the entrances to the gorge which at the Barra.ge site were 20 to 40 feet 
helow the sil! level. 

SCAt.£S h" enTJ( .freTIOIII., , 
IInr'JtEJ.!i&/: /000 ted ./,~ 
Yerhca./.' 56,,· I •• 

S/rercJ( Ht: I 

~ MAX/MUJI/I FLOOD /.GYli.t. ",.J.. R06 
.....,-.,-,=~=o= '_:... -=-::-_-~---=-:;-=--.:... ---::-::----=-==---~ _ ___.:::-=.:.:::::......= __ =:;!--=--=--=:_';":~=:c::=..----:-
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"'~./IO 

, . 

":t.. 176 C IL.L. 

11k Woods goes on to say that we claim that, the effect of the 
obstruction (i.e., heading up to R.L. 194' 5 the top of the gates) will 
not extend beyond the gorge, and that we ~ppear to have been 
associating aillux with the maximum flood only. He iJ entirely wrong. 
We do not dispute that the effect of heading up the river to 194'5 
will have a backwater effect for 16 miles above the gorge (in fact 
calculations were submitted to Government showing how far this 
ponding effect took place. See also Volume I, paragraph 51, page 21). 
But this back-water effect will never create a water level, at any 
point., "hich is as Iligh as any natural floods; in fact it "ill never 
raise the level above the natural trough of the river; and therefore it does 
notbing to increase the danger of an avulsion. lIlr. Woods says this 
backwater will cause shoaling above the gorge, and increase tile risk of 
an avulsion. But we know that shoaling occurs there, naturally. at 
various times in the cold weather, and is often still tllere when a large flood 
comes down. And we further know that these silt deposits are at once 
scoured away, and carried through the gorge, and downstream,"as soon 
as sUl'h a f'ood occurs. Hence, even if there is some shoaling above the 
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gorge, during times of regulation, with small discharges, (which will only 
be at times when the river is carrying a minimum quantity of silt), yet 
as soon as a large flood comes down, these will be swept away, and car
ried right down the river and under the Barrage gates, which will alu'Uys 
be wholly or partially open at Buch times, leaving the Barrage floor 
(lower than the natural river bed) clear for the passage of the silt. 

There are three separate problems to consider in connection with 
obstruction caused by the Barrage :-

(a) The amux created by the Barrage at times of highest flood, 
as this is the time of any possible danger to the River 
Bunds, or, of an avulsion. 

(b) The backwater effect of the Barrage on small discharges 
of the river, and the reservoir capacity thus created. 

(e) The possible deposit of silt in the river bed, upstream of the 
Barrage and the gorge, by the effect of (b), and the possible 
effect of such silting in increasing the height of great floods 
as per (a). 

Mr. Woods has very cleverly omitted to define these three aspects 
of the case and has mixed them all up, so as to make it appear that the 
conditions to be created are dangerous and have been overlooked. 

As the matter of fact if he applied the same system of reasoning 
to the 1909 site, which he appears to recommend as better than the 1920 
site, he will find the conditions there, are really dangerous. 

As regards (a), the affiux, in the very highest floods ever recorded, 
will be less than one foot at the Barrage and will disappear altogether at 
,the gorges. It cannot therefore add any danger to the River Bunds 
above Sukkur, which they do not already sustain, and thus it cannot' 
add to the possibility of an avulsion. , 

As regards (b) and (e) it~' es' /~ted that at times of lowest river 
discharges, the backwater eHect die out about 30 miles upstream of 
the Barrage, the rai~ing of the atural water surface varying from nil 
at that point, to about 17 ~L'et' at the Barrage. But normally in the 
cold season, with ordina.ryr10~ discharges, the backwater would not 
extend more than aboujl'20 m es upstream. This ponding of the river 
will undoubtedly c.P,lJ..re' some eposit of silt, especially near the Barrage 

".~:li:ere theponamg' greatest .. But after such conditions have occurred, 
. and when an increased discharge begins to come down the river, there will 

be such a great diHere ce of water level, on the two sides of the Barra/l:e, 
that very great scouri g power is available, and by opening the Barrage 
gates, a powerful draw ,viii be given to the silt above it, .ca~sing the silt 
to be scoured away and "asscd through the Barrage. Suuilarly, as soon 
as a moderate flood begin to come down the river, it will scour all the 
river bed for miles above t e gorges, carrying the silt through the gorges, 
and thence onward throng the Barrage. The river undergoes all these 
conditions at present, ocly erhaps to a lesser degree. It is probable how
ever that the deposit of sil above the gorges, caused by the ponding of 
water in the cold season, ay raise the level of early floods until they 
have had time to scour th bed to its normal level. In other \'\-ords 
there will be more silt to sco r from the bed, and through the gorges, Itt 
the bf'ginning of the flood se. on than there is at present norm!illy, and 



11 

such extra silt may give the early floods a higher level, above the gorges, 
than they would naturally have. But such raising of the level would be 
only temporary, during' the first comparatively small floods, and would 
disappear long before the full summer floods appear. Such raising of 
the early flood level would do no harm to the river banks, as it would be 
still much below full flood level. On the contrary it would benefit the 
inundation canals ab~ve the gorges, i.e., the Begari and Desert Canals, 
etc., which require high water' as soon as possible in the season. In fact 
the whole tendency of the eflect of the Barrage on the floods will be. 
slightly, to prolong the 'period of high water at the beginning of the 
early floods, and to prolong it at .the end of great floods. This is 
touched on in paragraph 26, Appendix E, Volume II. 

Mr. Woods says the Barrage will " inl:<lrfere with and obstruct" 
the flow of the river throughout the flood season, except in the month 
of August. This is a gross exaggeration and misrepresentation. \Vhen 
Bukkur gauge reads 12 feet, the full level at the Barrage, 194'5, requir
ed for all canals, will be obtained, without any regulation of the river, 
and no regulation would be done at such levels, except perhaps for a day 
at a time, at intervals, to create scouring head, if this is found neces
sary, to clear the approach channels. 

The following table shows in how .many years the average 
monthly gauge reading has been above 12' in the past 72 years:-

Average Gauge read-
monthly ing over 12' 

Month. gauge reading during part Total out 
over 12' of month in of 72 years. 

during past remaining 
72 years. years. 

June . . · . · . 5 years. 28 years. . 33 years. 

July . . · , · , · . 37 
" 

25 " 
62 

" 
August .. · . , , · . 51 

" 
14 " 65 " 

September · . · . · . 5 
" 

28 " 33 " I 

In the months when Bakkur reads less than 12', partial regulation 
will be done at the Barrage, as many gates as necessary being closed to 
head up the river to the required level. 

The actual average monthly gauge readings during the past 35 
years ending 1920 are shown below for the months of l\Iay to September 
inclusive :-

!\fay 7'1 
June 10'0 
July 12'1 
August 13'4 
September .. 9'8 

A gauge reading of 7' on Bllkkur gives about R. L. 191 at the 
Barrage, and a gauge reading of 10' about R. L. 193 at the Barrage. 



Paragraph 
29. 

Case II 

is 

The required full supply level at Barrage is 194' 5 so that in ~tay it 
would be necessary to head up 3'5' at Barrage and in June and Septem
ber only I' 5 feet, while in July and August no heading up would be neces
sary for full canal supply. 

We will now consider the worst case of silting ever recorded at 
the Barrage site. . 

With Bukkur reading 6'9, on 21st' September 1918, the actual 
water level at the Barrage was 190'01, the discharge 125,224 cusecs, the 
average bed level 184'04, mean velocity 3'93 feet per second, and mean 
depth 5'97. The mean width of the channel was 5,350 feet, But 
when the Barrage is constructed, the width of the river between regulator 
faces, at Barrage site, will be reduced to 4,680 feet so that if water level 
was 190'30 (there might be a slight aillux of say '3 foot, due to the con
striction of the channel, and the obstruction caused by Barrage piers) 
and the bed remained unscoured, at R. L. 184'04, the mean depth would 
have been say 6'3 feet, the width 4,680, the discharge 125,224 cusccs; 
so that the mean velocity would have been 4'25 feet per second at the 
upstream end of Barrage piers, This velocity would probably not be 
sufficient to scour the bed rapidly though the' water at this season 
carries little silt, and has a higher scouring value, But the water level, 
unaffected by Barrage Regulation, would have been only R. L, 190'3, 
and we require 194'5 for the benefit of the canals, Hence we should 
have had to raise the level, by means of the gates, to R. L, 194'5 giving a 
difierence in level on the two sides of the Barrage of 4'2 feet. The 
difierence would actually be greater owing to the abstraction of 
46,000 cusecs above the Barrage by the canals, which would reduce 
the natural level below the Barrage by at least '8 foot, so that the dif
ference of level, or afflux, would be 5/, Neglecting velocity of approach 
this would give a velocity under the gates (raised just about 1 foot) of 

,19 feet per second, which would, of course, scour away all silt down to 
the masonry fioor, and the "draw" of this velocity below the gates 
would undoubtedly scour the river bed for a long distance above the 
Barrage; almost certainly as far as the end of the approach channel~: _. 

Supposing that this "draw" of the gates is not confined to 
the lower films of water, there would still be scour of the bed above the 
gates as shown below. The attraction of the stream lines would be 
greatest along the shortest line of approach to the gates, which would 

.8lcelcA 1I.~3. 
/I." _ 

"1. 184, () $//. d S.J ,,~~- ~ :::~" 
......... '"'" ...... ....... ",'.' ,0- ....... f"" ".' .... ". '.:"';''\'' ..... ":':..'~ .. ~.::~ ... ,. ~~:..'':-:. 

always be along the silted bed, so that velocity would be far higher 
here than in the longer stream lines drawn down from the upper films. 
The downstream edge of the silt bank would be scoured away on a 
slope as shown, and on this slope t4e action of gravity would assist the 
draw of the gates to bring down the heavier silt: and this, dragging 
over the sloping edge of the silt bank, will assist in cutting away the 
bank. 
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This action is continually proceeding, under natural conditions, 
in the river, but never with such a great change of velocity, or "draw," 
to assist it, as there will be at the Barrage. 

An afHux of only 1 foot at the Barrage would give a velocity 
below the Barrage gates of 7'6 feet per second which is ample to ensure 
scour below the gates, and in their vicinity. Such an afHux could be 
created whenever necessary, even in high floods, without danger to 
the river bunds above Sukkur, since at flood times there is always a drop 
of 2 to 3 feet below the gorges, and one foot of afHux would die out 
when it reached the gorges. 

Now consider the case when the Barrage gates just cease to be Cao.lI, 

needed, i,e., when the natural river level is at 194'5 at the Barrage. 

This will be obtained when Bukkur reads 12' about. For such 
a level, the average discharge in the river is about 320,000 cusecs. 
The natural width of the river at Barrage site is 5,500' and if we assume 
that a mean velocity of 5 feet per second is necessary to cause scour 
(actual observations show that with bed at R. L. 180 scour ceases with 
a velocity somewhere between 4'35 and 5'75 feet per second) we find 

that the depth would be 532~.~~~ = U'S' or mean bed level would be 
Xu,a 

182'9. Actually such a high bed level has never been recorded with 
such a discharge, which indicates that the assumed velocity of 5' 
per second is too high, and that scour occurs with a lower velocity at 
this stage of the river. 

However assuming these natural conditions let us see what will 
happen after construction of the Barrage. 

The width between regulators being 4,680' and allowing for an 
afflux of '5' due to the constriction of the river width, and obstruction 
of piers, we have water level 195'0, veloCity 5', discharge 320,000 

. cusecs. Then the depth must be 3:~OOO~ = 13'7' and bed level 181'3. . x 
But with water level 195 in the river, the rising cills of the regulators 
would be at R. L. 188'4, or 7'1 feet above the level of the Bated bed of 
the river. 

Moreover the afHux of '1)' assumed at Barrage, would give a velo
city through the Barrage piers of 7'2 feet per second, which. would cer
tainly scour the Barrage floor right down to the masonry: at 176'0 

and :tend by its "draw" to scour the silted bed above, as already 
explained. 

Suppose, however, that scour does not occur under these condi
tions and it is desired to reduce the bed level below 181'3. We can 
easily raise an afHux of say 2' at the Barrage, i.e., from 194'5 downstream 
to 196'1) upstream. This will give a velocity below the gates of 17 feet 
per second, which would certainly cause scour of the bed upstream. 
And with water level raised to 196'5 above the Barrage the top of the 
regulator rising cilis would be at about R. L. 190'5 or nearly 9' above the 
u'/I-scoured bed. The above cases are all on u1ifavourable assumptions 
to suit 1111'. Wood's arguments. 
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Let us now consider actual conditions. 

Mr. Woods shows the river bed silted up to R. L. 184 with water 
level 194'4 at Barrage. No such conditions have ever occurred and never 
wuld do so. 

. Taking his silted bed 184 we find that the highest bed level ever 
recorded in the hot weather (1st May to 30th September) and was 184'04, 
on 21st September 1918, and the water level on that date was 190·0l. 
This case has already been considered in Case I above. 

Ca,.III. Now consider conditions with the water level he aesumes, viz., 
R. L. 194'4 at Barrage site under natural conditions. 

On the 21st July 1918 the actual water level at the Barrage site was 
193'90 and.mean bed level was 179'60, with discharge 405,000 cusecs. 

The width of the river was 5,550, the mean depth 14'30 and mean 

velocity 5.0:~:30 = 5'1· ~eet per second. The bed was actually scouring 
on this day. . 

Had the Barrage been built there would have been an afflux of 
about '5 foot, giving water level, above Barrage, of 194.4. The width 
between regulator faces would be 4,680', so that with the same velocity 

(scouring), the depth would have been 5'~~~~:O 17 feet, and bed 

level 177'4. Between the piers of the Barrage the clear width is only 
3,960' so that if scour occurred to floor level (176) and water level between 
piers were as high as 193'5 (the actual natural river level on that day 
was 193'9 whereas there would actually be a fall of level between piers, 
and recovery downstream, and the downstream level would be reduced by 
the withdrawals of the canals), the depth between piers would be not 

h f d h I · I h 405000 f more t an 17'5 eet, an t e ve oClty not ess t an 17.5x'3.96o 5'85 eet 
per second, which is ample to ensure scouring. 

Moreover on this day, with natural water level 193'90 plus afflux 
'5 foot or 194'4 the top of the rising cilIs of the regulators would have been 
at R. L. 187'0, or 11'0 feet above the bed in the approach channels. It 
is evident, therefore, that there would have been no necessity to create 
any afflux with the gates in order to ensure scouring of the approach 
channels: Actually some regulation might have been done with the under
sluice gates to reduce the m,ean velocity in: the approach channels; and 
such regulation would create an afflux and give a . higher velocity under 
the gates, and induce extra scour along the ./Wor. 

c ••• IV. Now taking Mr. Woods' own figures (see sketch on page 717 figures 
4 and 5) he takes water level 194'4 and bed level 184. According to 
his own table of discharges on the previous page, the discharge for this 
level (19f,4) would be 385,000 cusecs. This is higher than actual average, 
and the correct discharge is probably, about 320,000 cusecs. Even with 
this smaller discharge the mean velocity through the approach channels, 

. 320000 f 
width between regulators 4,680', would be 4.USO~IO" = 6'57 cet per 

second, which is su.flicient to ensure scour of the silted bed. 
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Taking the discharge 385,000 cusecs, as calculated from his table, 

I ,. uld b 31<5 000 f· d hi h the mean ve OClty wo e 4.680 ~ 10-4 = 7'92 eet per secon ,w c 

is an impossible condition for the retention of the silted bed shown in his 
sketch. 

The velocities through the Barrage openings under above condi

tions would be 9.::~~~~'4 7'78 feet per second, and 3.9~~5::~'4 9'32 
feet per second, respectively, both of which would certaiuly scour to floor 
level. 

Mr. WOQds says the rising cills of the regulators cannot come into 
operation until the river level rises appreciably above R. L. 194.0. He 
has evidently not checked this statement by calculation, and he has not 
Been the calculations submitted to Government, which are not printed in 
the Report. 

Actually, under normal working conditons;with R. L. 194'5 above 
Barrage, all rising ,cills will be in operation, and for such conditions the 
permanent masonry cills might have been built 5 feet higher than 
designed. They afe actually designed, so that the canals can take full 
supply, with a level in the river of 193'5, or a margin of safety of 1 foot 
in regulation. The following table shows the level of the top of the 
gates, (or rising cills), of the Rohri Canal, for different levels in the river. 
The other canals give similar results. The table shows that, under normal 
working conditions, the top of the rising cills will be 11'15 feet above 
the floor of the Barrage:-

Depth 
Barrage Top on Depth 

Bukkur, Water of under- over 
Lovel. Gates. sluices. gates. 

I 
--_._-----

10'5 ' 
I 

193'5 182'30 17'5 11'2 

11'2 194'0 185'43 18 8'57 

12 194'5 187'15 J8'5 7'35 

13 195 188'4 19 6'6 

15 196 190'08 20 5'9 

16'7 197 191' 36 21 5'61 

17'9 198 192'52 22 5'48 
... -

Height 
of top of 

gates 
oVer 
under-

sluice 
floor. 

0'3 

9'43 

11'15 

12'4 

]4'1 

15'39 

16'52 

Maximum 
Velocity 
through 

Regula.tor. 

3' 98 feet per 
sec. 

5'ln 
" 

0'37 .. 
7'28 .. 
8'8 .. 

10'1 
" 

11'3 ,. 

! 
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Mr. Woods states that the 'Value of "N" should be 0'025, or higher, Page 717, 

bnt Sir John Benton, when Inspector-General of Irrigation in 1907, ordered 
that it should be taken as 0'020 for main canal and branches (page 208, 
paragraph. 62, Volume VI, 1909 Project). This was based on practical 
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experience.of existing channels in Sind, of which lIir. Woods has no 
knowledge. It seems unnecessary to discuss this figure which has been 
accepted as suitable by Sind engineers .. This matter is again dealt with in 
the reply to Appendix D pages 64 to 65. Similarly the critical velocity 
was taken as '75 of that usually accepted in the Punjab (vide paragraph 
21 of lIir. Benton's note, page 214, Volume VI, 1909). Both were adopted 
by Dr. Summers in his 1909 Project. Mr. Woods himself uses "N"= 
0'0225 for the ThaI Canal, which will carry a coarser silt, and, therefore, 
produce a rougher surface. 

As already shown it will not be necessary to raise the water surface 
from a natural level of 194'5 to 199'5 for the purpose of scouring the river 

. bed. One to two feet of affiux is the most that will ever be needed, at or 
above this level, and this will not drown-out the fall between the gorges 
and Barrage. 

The statement that the average surface slope in the river is 1 in 
1.0,.0.0.0, and in the canals as little as 1 in 15,600, and that, therefore, s,ilting 
is bound to occur in the canals, is not a correct presentment of the facts. 
In the case of the river, there is nothing to regulate the quantity of silt 
carried, and most of it is in the bottom layers of the deep river. In the 
canals, only t.op water of the river will be admitted, and there will be 
steady How in the canals, at velocity higher than the critical non-silting 
velocity for its depth. The canals are less deep than the river, and the 
less the depth, the Hatter may be the slope, and the lower the velocity 
for non-silting. 

Mr. Woods proposes to lower the Full Supply Level of the canals 
in order to provide a margin from the water level of the river, So that if 
silting occurs in the canals, the Full Supply Level may be raised, to 
force the required supply into them. He admits this lowering will not 
decrease their tendency to silt, so what would happen if, and when, they 
had silted, and Full Supply Level had been raised to project figures 1 
Silting: wonld be no less liable to occur at this stage, and there would, 
therefore, be no gain over the present proposal. 

The conditions of summer and winter irrigation in 'Sind will be 
almost identical to those in the Punjab; in spite of 11k Woods elaborate 
attempt to show the country is physically different. In the Punjab 
a ratio of 3 of rabi, to '1 of khariE, is frequently obtained; and our ratio 
of 2 to 1 is perfectly feasible. In many parts of the Right Bank tract, 
in Sind, there is already far more rabi than kharif, simply because the 
water supply is available in the rabi season and not in the kharif. 
In other parts, where very little rabi water is available, it is always fully 
utilized. 

The Canals provide for a great increase, (about 5.0 per cent.) of rice 
and other kharif on the Right Bank: a small increase on the Rohri 
(5.0,.000 acres) : and a great increase on the Eastern Nara:-about 75 per 
cent.: the total increase of kharif cultivation being nearly 6.0.0,.00.0 acres per 
aunum. No further economical extension of kharif is possible, as further 
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extension would have to be in rice, which would make extravagant and 
unworkable canals, and incrt'ase any tendency to water-log the country. 

The areas of Sind not affected by the project are (a) those to the 
north, which could utilize a rabi supply, if available by another barrage, 
and which have an equal, or prior, claim to further water, as compared 
with the Punjab. 

(b) Those to the south, which are not so suitable for arabi 
Bupply, but could be supplied by anpther weir lower do:wn. 

It is questionable whether the Thai (Punjab) has any vested rights 
whatever in the water of the Indus, though it may have some moral 
claim. 

The whole of !\ir. Woods' argument, nullifying the value of Mr. 
. Lawrence's note, is knocked out by the fact that he has misread and 
misquoted the note. 

The area of the crops in 1918-19, which !\ir. Lawrence valued 
at only £3,500,000 was an estimated area of only 1,200,000 acres,. 
(12 Ittkhs), in part of the Barrage Zone, (Mr. Lawrence omitted the t 
Eastern Nara area and took only approximate figures for Left and Right 
Bank Canals), out of hiS total estimated area in Sind, for that year, of 36 
minus 8 lakhs=2,800,000 acres. The actual figure of cultivation that 
year in all Sind was still lower than Mr. Lawrence's estimate, viz., 
2,630,000 acres, as quoted by !\ir. Woods himself, while the actual value 
of the crops au this area, as shown by lIfr. Woods, was only Rs. 32 per 
~cre. Mr. Lawrence based his argument on an estimated liberal valua
tion of Rs. 45 (£3) per acre. 

As a matter of fact tho argument is far stronger than]\fr. Lawrenc 
placed it. Thus:-

Volume 3642, 
Page 719 . 

The actual area cultivated in the whole Barrage Zone, aE 

1918-19, was 1,720,000. acres, which, at the aver , 
actual value given by 11k Woods, viz., Rs. 32 per acre, ; 
(abnormally high for bad crops owing to general shortage), 
comes to Rs. 5,50,00,000, or say £ 3,670,000. 

Had the Barrage and Canals been in existence, and fully develop
ed, the estimated area of cultivation would have been 5,300,000, as per 
the Projeet forecast, but taking !\ir. Woods' own estimate of only 3,700,000 
acres, and assuming the value of such secured crops at an average of 55 
per acre (£ 3' 66) the value would have been £ 13,600,000, or an increased 
value of £ 10,000,000. If the Project estimate, of final cultivation is 
taken, the value would have been £. 19,400,000 and the saving to the 
count.ry £ 15,700,000. Thus even on ]\fr. Woods' estimate of cost of 
works (£ 17,000,000) aud with his figures for final cultivation, more than 
the rost of the whole scheme would be saved in 2 such years of shortage. 
This excludes all advantage to the Khairpur State which similarly 
suffers in a bud year, and would similarly greatly benefit by the Barrage: 
The annual cultivation, in good years, in the State, is about 183,000 
acres. Assuming it was only 160,000 in 1918-19, and the value at Rs. 32 
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per acre, total value was Rs. 51,20,000, or £ 341,000,whereas if the Barrage 
had been worldn" their cultivption would have been 498,000 acres at b, 

Rs. 51)=Rs. 2,49,00,000 or:£ 1,660,000, or a gain of £ 1,219,000 ~olely 
due to th~ Barrage. Total potential gain in 1918-19=£ 11,219,000 
on Mr. Woods' estimate of cultivation, or £ 16,919,000 as per Barrage 
Forecast. 

The unfaIrness of Mr. Woods' commenta can be seen at a glance. 
Thus, he accepts Mr. Lawrence's comparison between the cultivation of 
the year 1918-19 with that of the preceding year, in the case of Sind, but 
he hlmself compares the cultivation in the Punjab of the year 1918-19 
with that of the following year. Had he drawn a similar comparison of 
Punjab figures of 1918-19 with those for the preceding year,as Mr. Lawrence 
did, the results would have entirely confirmed Mr. Lawrence's argu
ments. All conditions were radically different in the following year, 
and did not in any way refute, but when the different conditions are 
honestly explained, actually strengthen, Mr. Lawrence's argumen~. 

Mr. Woods gives no explanation whatever of the great variation 
in the lIfea irrigated in the Punjab in the years 1917-18 to 1919-20. 
There must be some explanation, why does he not give it 1 

The explanation is given in the Administration Reports of the 
Irrigat.ion Department of the Punjab for years -1918-19 and 1919-20. 
These Reports were written by Mr. Woods himself, and he cannot there
fore pretend ignorance of the explanations given therein. 

On page 6 of the 1919-20 Report he states that" The area irriga
ted (in that year) was the largest on record, conditions having been 
favourable in regard to both river supplies and rainfall, while the-develop
ment of irrigation on the Triple Canals System was satisfactory. As 
compared with the year 1918-19 the area irrigated showed increases of 
887,754 and 587,567 acres during Kharif and R~bi respectively. It is 
gratifying to note that the area irrigated in the Kharif season shows a 
tendency to increase relatively to the area irrigated during the Rabi 
season. The recent great increase in the value of agricultural produce 
having stimulated the zemindars to take advantage of the more 
abundant water supplies of the Kharif season." 

NOTE.-On the Punjab Perennial Canals the difficulty is to get the 
KlutJ.'if water supply utilized, while in the Rabi season the difficulty is 
to meet the demand for water. 

Lower down on the same page, Mr. Woods explains that more 
fodder crops were grown to secure protection against fodder famine 
and that the great increase in cotton was due to the very high prices 
being obtained. 

On pages 1 and 2 of the 1918-19 Report Mr. Woods explains the 
great falling off in the area irrigated. 

" KHARIF, 1918.-Conditions were unfavourabl; at first, as the 
preceding rab-i season had been exceptionally dry, and less moisture than 
USlial rema-ined in the soil. Rainfall in March assisted the preliminary 



sowings, particularly of cotton and cane, but the conditions of April 
and May were again unfavourable, and the crops received little or no 
assistance from rain. The monsoon began in June, but the current was 
extremely weak, and breaks in the rains occurred more often: t~an 
usual. Rainfall improved during the latter half of August, but failed 
thereafter; and the total rainfall from June to September was very 
much below the normal. The sowings were restricted, and standing 
crops suffered through the insufficiency of the monsoon rains, and 
from attacks by grasshoppers and other insects." 

" The scanty monsoon resulted in low river levels, and the Inun
dation Canals drew less water than usual. The demand for canal water 
was very keen; and on the perennial canals it was, on the whole, satis
factorily met; a,s the river supplies, though lower than usual, were under. 
complete control." 

"RADI, 1915-19.-The river supplies fell very early in the 
season, owing to the very poor monsoon rainfall, and much of the av~il-

. able water was utilized by the cultivators for the maturing of their 
MaTi! crops. Rabi so wings were further interfered with· by the 
influenza epidemic of October and November 1918. Then; was some rain
fall in the second week of December, advantage of which was taken for 
robi sowings. A period of dry weather then ensued and lasted till end of 
January, when there was a substantial fall of rain throughout the Pro
vince, doing immense good to the crops. Thereafter the weather was 
generally dry till the end of March, when light, but fairly generul, rain 
fell, which further benefited the standing crops." 

" Generally speaking" the climatic conditions were unfavourable 
for the sowing and maturing of the khari! crops, and for the sowing of 
the rabi crops." 

... ... ... ... ... ... 
" Of the area irrigated under the heads Imperial and Provincial, 

the Productive lIIajor Works accounted for 7,748,983 acres and the Minor 
Works for 666,490 acres, as compared with 7,531,316 acres and 1,068,842 
acres, respectively, in 1917-18,. and 7,632,536 acres and 1,013,959 acres,' 
respectively, the averages for the triennium ending 1917-18. The figures 
for the Minor Works, and the Inundation Canals under Major Works, 
were adversely alIected by the low river supplies, and climatic condi
tions, whilst those for the perennial canals sltowed improood l·cs'ults, except 
on the Western Jumua and Upper Bari Doab Canals, where the cotton 
and jowll'r crops suffered considerably, owing to the failure of the mon
soon. The decrease on these canuls was partly counterbalanced by an 
increase on the Lower Chenab and Triple Canals. On the former the 
demand for canul water was unusually keen, and the figures for the 
kharif season constitute a record. On the hltter the increase was due to 
development of irrigation." 

* ... ... ... ... ... 
" The estima.ted value of crops raised on all canals including those 

of Native States, during the year under revie:-", was Rs. 55,08,14,095 as 
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compared with Rs. 33,36,99,916 d!lring the previous year. Thes~ figures 
represent Rs. 64 and Rs. 40, respectively, per acre matured; the rncrease 
reflecting the rise in value of agricultural prouuce." 

Thus it will be seen that the great diflerences of area, so in 
1918-19 and 1919-20, was due to two principal causes:-

(a) Climatic Conditions. The Punjab cultivation, even on the 
Perennial Canals, is considerably affected by rainfall, 
whereas in Sind the rainfall is almost negligible, and the 
new canals are designed, for lower duties, i.e., greater water 
supply per area of crop, than the Punjab canals, purposely 
to allow for this, and to make cultivation entirely indepen
dent of rainfall. If rains occur, the canal discharge will 
be reduced during such times, but no cultivator will 
depend on rain either for sowing or maturing his crop. 

(b) The development of the Triple Canal Project on which 
the cultivation was greater (217,667 acres), even in 1918-19, 
than in the preceding year, and was much greater still in 
the following year (1919-20). 

Mr. Woods says the water-logging of the soil will prevent any 
expansion of cultivation beyond 3,700,000 acres (finally). We deny that 
there will be any water-logging. All Mr. Woods' arguments for water
logging are based on the intlCCurate assumption that proper measures 
are not to be taken to prevent it, and on figures and statistics of existing 
canals working under diHerent conditions, and often with admittedly 
defective drainage armngements. In the Sukkur project, large sums 
are provided to ensure thorough drainage, all natural drainage is kept 
unobstructed and assisted, and extravagant waterings are not given. 
The water-supply allowed should be ample to give an excellent supply 
to the growing crops, but will not be excessive. In fact Dr. Summers 
says it is iusufiicient. It is excess water, which cannot be utilized by 
the crops, which tends very greatly to raise the sub-soil water level. No 
rabi water supply at all is given in the rice areas; and in the perennial 
areas, the kharif area is moderate and the crops require on1y moderate 
waterings, while the rabi crops also require only light waterings at long 
intervals. In the Punjab the natural drainage Jines of the country are 
the rivers from which the winter supplies are taken. The canals are made 
at a high level between the rivers anu their commanded areas, and roughly 
parallel to the rivers. Unavoidable percolation below canals therefore 
cuts off the conunanued areas from their natural drainage lines, and 
tends to raise the sub-soil water level, besides which the water level in the 
river is raised at intervals to fe~d the canals. Thus-

• 
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The conditioM in Sind are the reverse of this, for the natural 
drainage is away from the River, to the deep depressions-Eastern and 
Western Naras, on either bank. Thus-

,CAN'AL 

--

SIND ORAINAG~ CONDITI.NS. 

Nowhere, in the Barrage Zone, will canals be allowed to block the 
natural drainage, and the many existing inundation canals, cut deeply 
into natural drainage lines, (more or less defined valleys), which will now 
be abandoned, will assist in acting as deep drains for the surrounding 
country. 

Where a canal lies on the slope between another canal and its 
drainage line, a drain will be cut along the upper side of the canal, to 
prevent its percolation cone eA"tending in that direction, and thus raising 
the subsoil water level. 
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Mr. Woods' Alternative to the Sukkur Project. 

. Mr. Woods' "alternative" is not an alternative to the Sukku,r 
Project, which comprises:

(1) The Barrage; 

(2) The Rohri Canal;' 

(3) The Eastern Nara Canal System; 

(4) The Right Bank Canal System; 

(5) The Khairpur State Canal Systems; 

but is an alternative for only one canal system. He neglects entirely 
the other great canal systems, for which he could not provide any alter
native without the Barrage. Moreover he neglects entirely the fact, that 
if his alternative for the Rohri Canal alone were made, it would imme
diately cause rninous deficiency in the exi~ting canals, on both banks, 
at and below Sukkur and Rohri, including the great Eastern N ara which 
already calls imperatively for improved ",ater levels in th!l river. But 
let us consider his alternative for the Rohri Canal. 

He commences by saying he "would have no Barrage at all, since 
it seems to be a needless and heavy item of expense." 

It is stated above that the other proposed canal systems cannot 
possibly be designed to work without the Barrage, and this is amply 
proved in the Project l'teport. For the moment, we wiII assume that 
his alternative for the Rohri canal could work without the Barrage. He 
adduces several examples of existing works, in proof that perennial 
canals can work satisfactorily without a Barrage. We will examine 
t~ese examples one by ·one. The first example he gives is the Lower 
Swat River Canal, with head at Abazai in the North West Frontier Pro
vince. He says this is fed from .its parent river without the help of 
8 Barrage, or Weir, across the latter. But this is not correct. There 
is a Barrage at Abazai which controls the river level for the benefit 
of the Lower SWat Canal. This example, therefore, fails to prove' his 
case, in fact supports the case for the Sukkur Barrage. 

His second example is the Upper Jhelum Canal with its head 
at Mangla in Kashmir. Either he does not understand the conditions 
at Mangla, and the regime of the Upper Jhelum Canal, or he is deliber
ately misrepresenting them. 

In the first place, the Upper Jhelum Canal has dual functions. 
It is not only an irrigation Canal, but it is primarily a feeder channel, 
or bye pass, from the Jhelum river at Mangla, to the Chenab river at 
Khanki, where it is headed up by a weir. It is this latter function 
which makes all its ",orkiug conditionsfundamentnlly different to those 
of the Rohri Clinal, which is purely and solely an uTigation 
can~l, endulg in a tail distributary, and thence on}he fields. At every 
point throughout its length the Rohri Canal must give its supply at 
full designed level,' or cause disaster to the cultivation depending on 
it. 



Returning to the Upper Jhelum Canal with its head at Mangla. 
it should be stated that the lowest river level' ever recorded there, i~ 
866'0 (with whole river discharge passing into canal), as against Full 
Supply Level in the cllnal of 857'4, l:e., the minimum river level is 8'1; 
higher than the required Full Supply Level in canal; whereas it has 
been shown below that the level of the Indus, at Rohri, is often 4 to 5 
feet lower, fO'/' months w.gether, than the Full Supply Level of Mr. Woods' 
alternative for the Rohri Canal. 

The full designed discharge of the Upper Jhelum Canal is 8,500 
cusecs. Of this quantity only 2,400 cusecs are required for irrigation 
on the canal, and the balance 6,100 cnsecs, when available or required, 
is emptied into the Chenab River above the Khanki weir. 

It is immaterial at what /et'el this water enters the Chenab, as 
it can be headed up by the Khanki weir to the level required for the 
Upper Chenab Canal; while all silt deposits sco1j.red out of the Upper 
Jhelum Canal can be passed down the natural river. 

During the Kharif season, the full discharge into the Chenab is 
seldom required, and during the Rabi season, the supply in the Jhelum 
River, which is often deficient, has to be divided between the Upper 
and the Lower Jhelum Canals. Thus the conditions at Mangla, where 
the required level can always be obtained, are fundamentally different 
to those at Rohri, where the required level cannot be obtained from the 
natural river. 

Hence the Barrage is required to guarantee the required level, 
and a supply in the Rabi season sufficient to irrigate an. economio 
area. 

But even at Mangla the conditions are changing, owing to the 
accumulation of shingle in front of the regulator; and some engineers 
now consider that a. weir may be necessary in the course of time. 

Mr. Woods' third example is the Trebeni Canal in Bihar, which 
he states is a perennial canal fed from a river wit.hout the help 
of a. weir. 

The Trebeni is not and never has been a perennial Oanal there 
b,·ing no ra.bi supply. It is principally a. rice canal, and always has 
been so. But even the rice crops, requiring water only from the begin
ning of June to the end of October, cannot be satisfactorily supplied 
at present; and a project is now be,ing considered for building a boulder 
weir, across the river, to ensure the supply for the rice crop in October, 
and to give a rabi supply. 

Thus Mr. Woods' three, so called, examples of Perennial Canals 
working without weirs, all fail to proye that a weir is not required for 
the Rohri Canal. and on the contrary, they prove by inference and ana
logy that a Barrage is essential. 

Let u1\ now consider the dt't.'lils of Mr. Woods' altemative 
dosign for the Rohri C~llal. 
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Mr. Woods requires a cold season level of 186'5 for the supply 
of his alternative design of the Rohri Canal without a barrage. The 
natural river is R. L. 186'5 at this site, when the level at Bukkur is 
187'5 and the gauge reads 3'0. The following t.'1blc shows the num
ber of years in which ,the average level of the river has been below 
the required level.in the 71 years ending 1918, throughout tho months 
shown:-

Number of • 
years in which 
the average 

Lowest average level 
throughout the month. 

level of the 
Month. river was be-

low the requir- I ed level 3 '0 Bukkur throughout Gange. Year. Deficiency. 
the month. Feet. 

November · . 51 years, 0'4 1908 2'6 

December · . · . 68 years. -1'2 1908 4'2 

January · . · . 69 years. -1'6 1909 4'6 

February · . · , 63 years. -2'1 1909 5'1 

March , . · . 58 years. -1'7 1909 4'7 

April · . · . 17 years. 0'4 1917 3'4 

Thus in nearly every year, out of the past 79 years, there would 
have been a deficiency in his canal, throughout the three critical months 
of December, January and February. And moreover, the required Full 
Supply Level in the. Canal, to command the land, would not have been 
available, this level falling by' as much as 4 to 5 feet, in some years, for 
three months at a time. 

With water level in River, at Canal Head, only 182'5, i,e., 4' 

below level required by Mr. Woods, the discharge of the canal would 
be only 6,220 CUBecs, and depth 7' and with river level 181'5 ; i.e., 5' lower 
than required by Mr. Woods, the discharge would drop to 4,836 cusecs, 
and depth 6'; as agaillst the designed full supply in Kharif season, of 
13,636 cusecs, and depth U', which depth is required at any season 
to command the larul. 

Actually Mr. Woods provides a Full Supply Level of only 151'7 
at the head of the N asrat Branch, (the first large branch), as against 
156'45 provided by Dr. Summers, i.e .. , 4'75' lower, so .• that Mr. Woods 
must certainly get Fully Supply Level to command his land, whereas he 
will geta4' t05' lowerlevelformonthsata time,or 10' lower than Dr. 
Summers found necessary to command the land. 
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Mr. Woods says he has taken the . lower Barrage site; for the head 
of his alternative Rohri Canal, as it is immaterial which site he adopts, 
and this is the least favourable. He omits to mention that by adopting the 
lower site, he avoids taking his canal through 5 or 6 miles of very heavy 
rock cutting, and the construction of an immense bridge for carrying the 

• goods yard of the North-Western Railway over the canal. Further it 
avoids comparison, of the conditions of the river at its head, with the 
existing deplorable conditions at the head of the Eastern Nara Supply 
Channel, alongside which it would have to be made. So that Mr. Woods 

. selection of " the least favourable site" is not so generous as at first sight 
appears. Actually he has realized, and utilized, the immense advantage 
of this lower site, for Barrage and Canal Heads, as compared with the 
original upper site; which advantage he has strenuously denied. In 
the cold weather season, when levels are more important, there is IW loss 
of head by the change of site, as the saving in length of canal, and, 
therefore, saving of loss of head in the canal, exactly compensates for the 
loss of head in the river; while it saves compl!Jtely a length of 3 miles of 
canal, and substitutes for the five miles of deep rock cutting, two miles 

·of shallow cutting in soil. And it avoids altogether the crossing of the 
N orth-Western Railway goods yard. 

Now, coming to Mr. Woods' cross section of his regulator for the 
Rohri Canal, (page 722), the first point that strikes one, is that in the 
upper view, representing the conditions at the regulator in the Kharif 
or flood season, he shows the river bed silted up to R. L. 184'0, as compared 
with R. L. 175 for his calial bed. This is in the season when 
velocity in the river is highest, and, therefore, best able to prevent silting, 
or to scour the bed. In the lower view he purports to show the con
ditions in the cold season, when the river has its lowest velocity and 
discharge. But the inconvenient deposit of silt, up to R. L. 184, has 
disappeared entirely, without explanation by Mr. Woods, and the river 
bed is now shown clear down to canal bed level R. L. 175, i.e., 9 feet of 
silt has been scoured from the river bed by lower velocities in the river, 
than previously deposited it! How this wonderful and convenient 
phenomenon has occurred Mr. Woods does not explain. He provides no 
barrage or other means of scouring the river bed, in fact, leaves the 
natural river channel entirely unaltered. Let us see what the actual 
conditions are in the river bed, at this site, in the two seasons. These 
conditions have been accurately observed and recorded bi-weekly, or 
weekly, for the past 6 years. 

From these records it is found that the highest average bed level, 
ever recorded at this sitei:p the hot weather, (1st May to 30th September), 
is R. L. 184'4, while it is sometimes 5 to 6 feet lower. And in the cold 
season, (1st October to 30th April), the lowest average bed level recorded 
is R. L. 178'46, with water level 182'86; and is sometimes as high as 
R. L. 182'18, with water level 187'35. 

Taking the lowes! average bed level of 178'46, the level of the 
silt in the river would be 3'46 feet above the bed of his canal, while the . . 



1\;e.ter level in the river (182·86) is 3·14 feet below the required Full Supply 
Level of the Canal. 

If the higher conditions are considered, the water level in the 
river 187·35, is sufficient to give Full Supply Level in the canal; but the 
silted bed of the river is at an averajle level of 182·18, or 7·18 feet above the 
bed of the canal, and he provides no means whatever of scouring it, 
or excluding it from his canal. 

The whole design is quite impractical and would be certain to 
fail, as Mr. Woods must have realized if he studied it at all. Apparently 
it was only put forward to hoodwink those unable to check it. 
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. . f B d Appendi ... , Mr. Woods says' the Sukkur fro]ect 'proVIdes or a arrage an Page 722. 

five canals, three on the Right Bank and two on the Left Bank. He 
omits entirely the two canals for the Khairpur State. These two canals 
provide a guaranteed water supply, for increasing thecultiyatjon ot ~ 
State, from its present figure of about 180,000 acres, to ~7!j,00() ~re~; 
to the vast benefit of the State. His Highness the Mir pf KhQ.irpur is 
keenly desirous to have the Barrage and new canals, and he.s offered to 
pay whatever the British Government considers his fljir ~hare of the 
cost of the Barrage. 

Mr. Woods says that the claim of the project, that 87 per cent . .of 
the gross area commanded by the Barrage Canals is culturable, primafacie 
errs on the side of optimism: and that, because, in the Punjab, the cui" 
turable area is only 82 per cent. of the gross area, and in Madrasonlr 
70 per cent. is culturable, it would be more reasonable to assume that 
only 80 per cent. of the gross area of Sind is culturable. Where is the 
reason in such an assumption 1 Adopting his' own method of reason. 
ing, his figures for the Punjab must be wrong because they show a much 
higher percentage than for Madras! But the figures for Sind, used in 
the Project, are the result of a more accurate and detailed survey of the 
soil, than haS ever previously been made in Sind; and which was speoially 
done by a senior and experienced Revenue officer, with It large staff, fo)? 
the purpose of the Project. But Mr. Woods would scrap all this work, 
and adopt, instead, a figure which he arrives at by an utterly valueless 
and illogical assumption. ' 

Mr. Woods states that a soilsu1"/}ey was carried out in 1910 (in 
connection with Dr. Summers project for the Rohri Canal). 

No special soil survey was made in 1910, i.e., no detailed survey 
of every unoccupied field. Mr. W. H. Lucas, then Commissioner in 
Sind, spent less than a month, in personally inspecting various areas 
spread over the 5 northern talukas of the Hyderabad District; but no 
attempt was made to make a systematic detailed survey, such as was 
made in 1918-19, by a large staff of specially trained men. 

Mr. Lucas' estimate of the culturable area was purely an estimate, 
based on his general knowledge of the country, and on available records, 
which have since been proved to be totally unreliable ill. connection with 
other projects actually carried out. Messrs. Baker and Lane's figure, of 
culturable area in the Rohri Canal and Right Bank tracts, is not an 
estimate at all, but is an actual 8ummary of recorded detailed su'l'Vey". 
There is, therefore, no question of a difference of estimation by equally 
expert observers, as Mr. Woods suggests. With regard to the Eastern 
Nara tract, Mr. Baker did not carry out a detailed survey, but based his 
estimate on a .knowledge of the tract, as intimate as that of Mr. Lucas, 
and on the additional information secured in the 10 years since Mr. 
Lucas made his forecast. 

Mr. Woods has given an accurate description of the Thar Country. 
but as he d~s not kn~w this tract or the limits of this country, he is not 
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aware that there is no proposal to carry any' irrigation into the Thar 
area. This tract of country, covered with sand-hills, everywhere forms 
the boundary of the area proposed to be irrigated, and every acre of land 
under the project is in areas which have been surveyed and classified 
"for many years. 

The existing Thar Canal, which is to be enlarged and remodelled, 
merely carries the nam\l of the adjacent country and does not now, and 
will not in the future, penetrate into the region of sand-hills, or cul
tivate any land among them. The additional supply to b~ given to this 
canal will merely be used to increase the intensity of rice cultivation in 
present occupied lands, and to provide a rice supply for the unoccupied 
culturable lands within the present surveyed area, for which no supply 
is now available. This tract has a high sub-soil water level and is only 
suitable for rice cultivation. No rabi supply will be given to the canal, so 
that the country will have an opportunity to drain, and dry off, during the 
7 months, October to April. Nowhere in the Eastern Nara Project 
does the. commanded area penetrate, or include, any part of the 
Thar area, but merely extends up to it. In this respect the proposals are 
entirely dissimilar to those of Mr. Woods for the ThaI Project in the 
Punjab, in which he proposes to irrigate the numerous small valleys, or 
bottomlands, scattered among the sand-hills. 
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Intensity of Irrigation. 
Mr. Woods gives a table showing the percentages of gross areas 

actually irrigated at present, on various Punjab Perennial Canals, and 
shows that the highest percentage (on the Lower Chenab) is 70 per 
cent.- or 1 per cent. lower than is proposed for the final intensity on the 
Suklrur Canals. Later on in this Appendix he states that the designs for 
the Triple Canal Project allowed for an annual irrigated area of only 63 
per cent. of gross (it was actually designed for equal areas of kharif and 
rabi), so that in the Punjab, contrary to the general impression given 
by Mr. Woods, that they are limiting irrigation, they have actually 
extended it much beyond the projected areas, and are still extend
ing. Presumably the project design was based on what was believed 
to be the maximum attainable, and this has been found in 
practice to be surpassable. Speaking of the Lower Chenab, he says 
that owing to the rise of sub-soil water level, the cultivators in parts 
have already ceased to take canal water in the rabi season. This sta1;e
ment is hardly borne out by the following quotations from page 22 of 
the Administration Report of the Irrigation Department of the Punjab 
for the year 1920-21. 

"NATURE OF SEASONS AND STATE OF DEMAND-KHARIF, 1920; 
RABl, . 1920-21.-The year was an abnormal one. The Kharif season 
was unusually dry. The rainfall was scanty and the demand keen. 
Undeterred by the defective monsoon rains, the farmers tried to put in a . 
large area under ram ; unfortunately the usual Christmas rain also failed 
and the rabi crops were below the average. Later in the season a number 
of later sown fields with weak plants were sacrificed, as the water that 
would ordinarily have been poured on them, passed on to other more 
promising fields. As a consequence the area on which water rates were 
remitted was higher than in normal times. 

" The failure of the Christmas rains and the keen demand did not 
allow of closing the canal for annual repairs and inspections. It was 
closed for three days only for excluding silt laden waters from the canal. 

• • • • • • 
" IRRIGATION-KHARIF, 1920; RABl, 1920-21.-The following 

table compares the areas irrigated during the year with the averages of 
two previous triennia and with the figures for 1920-21 :-

Average of the three During 
Seasons. 

years ending 

1916-17 i 1919-20 1919-20 1920-21. 
I 

, Acres. Acres. Acres. Acres. 
Kharif · . .. · . 693,474 791,329 851,161 834,149 
Rabi · . .. · . 1,600,866 1,565,854 1,604,064 1,561,827 

Total · . 2,294,340 2,357,183 2,455,225 2,395,976 
. . 

Appendi. B. 
Page 723. 
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"The area irrigated (2,395,976 aeres) was lesB by 59,249 acres 
only than the record figures of 1919-1920. This slight decrease was due to 
the very dry year and the low supply in the river. The Kharif produce 
was hetter than the average of either of the previous two triennia, but 
~he 'fabi outturn was somewhat below the averages." 

Similarly his statement that rabi irrigation has been stopped; 
pver a considerable proportion of the co=anded area of the Upper 
Chenab Canal, is not supported by the following extract from pages 
~9 and 20 of the Administration Report, 1920-21, which shows a rapid 
increase of both rabi and kharif crops :- ' 

"The Rabi season like the KhaJrif one was also marked by an 
!iJmost ntire absence of rain-not only was there no rain during the 
sCiwing period of the crop, but the so-called" Christmas rains," ~hich 
\lBually fall at the end of December and beginning of January, also 
entirely failed, so that the crop got no help from rain either in the sowing 
Or in the developing period. Owing to the extraordinarily low state 
of both the Jhelum and Chenab rivers the rotational progra=e of the 
Quintuple Canal system had to be enforced from the 28th September, 
instead of the ] st October as usual, and the supplies in both the rivers 
qontinued to he extraordinarily low throughout the raU season. The 
area irrigated, however,was 291,206 acres against a previous maximum 
of 238,811 acres. This was due to the intense demand for canal water 
owing to the complete failure of the rains and the general development 
of irrigation .on this canal. Out of this irrigated area of 291,206 acres, 
278,609 acres were successfully matured. In the Gujranwala District, 
the,' central district of the irrigated tract, the total rainfall recorded 
during kharif was 10'20 inches against 19'34 inches and in rabi 2'39 
inches against 4' 59 inches in the previous year; and as compared with 
average, of 20'49 inches and 3'79 inches during the'three previous years. 
The demand for canal water was extraordinarily keen . throughout the 
year. The canal was in flow for 180 days during kharif and 129 days 
during rabi. As stated above, rotational working of the linked canals 
was enforced from 29th September. 

" The following table compares the areas irrigated during the year 
with preceding years and with the Project Forecast:-

Year. Kharif. Rabi. Total. Project 
forecast. 

Acres. Acres. Acres. Acres. 

l!H6-17 · . 285,917 151,560 437,477 648,367 

1917-18 · . 245,110 137,825 382,935 648,367 

1918-19. · . 204,694 222,170 426,864 648,367 
~ .. 

1919-20 · . 303,845 238,811 . 542,656 648,367 

1920-21 .. 310,141 291,209 601,347 648,367 
. 

i 
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.. The total area irrigated included 559,371 acres in old 
proprietary villages and 41,976 acres in new colony villages. It will be 
seen that the Project Forecast is now within a very. short distance of 
attainment, whilst Mr. Woods' forecast of 530,000 acres in the Completion 
Report has long been surpassed; and, indeed, it is not too much to hope 
that Mr. Purves' forecast of 725,000 acres (vide CO!llpletion Report of 
Upper Chenab Canal) will also be attained when the water·course system 
of the canal is fully developed, and the remodelling required for the 
enhanced supplies entailed by the final orders on the zonal question fully 
completed. " 

Again, his statements about the Upper Bari Doab Canal are hardly 
borne out by the following extract from pages 13 and 14 of the 
Administration Report, 1920-21, which states that the low rabi area was 
due to defective rainfall, and shortage of water in the canals, and 
does not mention any cessation, or decrease, of demand:-

"AREA lRRIGATED-KHARIF, 1920 j RARI, 1920-2l.-The following 
table compares the area irrigated during the year with the averages of the. 
two previous triennia and the figures of the previous year :-

. 
Average of three years Area irrigated during 

.. 

ending 
Crop. [ 

1916-17, 1919-20. I 1919-20. 1920-2l. 

. 

Kharif . . .. 529,596 573,226 639,019 606,17 

Rabi . . .. 650,911 580,825 613,564 570,752 

Tota.l 1,180,507 1,154,051 
I 

1,252,583 1,176,922. .. I 
I 

• 
" The total area irrigated during the year was less by about 75,000 

acres as compared with the previous year's figures, the highest on record; 
The area irrigated during kharif, though better than the average of either 
of the two preceding triennia, was less by 32,849 acres than the figures 
of the previous year while that during rabi, although low, approaches the 
average of the triennium ending 1919-20. The shortage in the area 
irrigated during rabi was due to very poor monsoon and total failures of 
winter rains. There was no barani area in the rabi to be subsequently 
matured by canal irrigation on this canal. The total area, however, was 
equal to the average of the previous six years and, taking in. account 
the unfavourable seasons, it is quite satisfactory. " 

... ..... ... . ... ... ... 
.. The monsoon of 1920-21 broke in July and the fall from JUIie 

to September at Madhopur head-works amounted to 22'2 inches against 
30'19 inches during the corresponding period of the previous year and 
46'52 inches of 1917. It was, on the whole, a very poor monsoon. 
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" Demand was very keen, but supply in the river insufficwnt. 
Tatiling of outlets and minors had to be resorted to and branches were 
run by rotation as usual. 

" Heavy rain fell in the first week of August and this was the 
only good fall that occurred in a few days in Amritsar and Lahore 
Districts. The yeax was practically rainless from October 1920 to 
March 1921 and this absence of rain had the effect of reducing rabi 
irrigation. 

"There was only one moderate flood on 23rd July 1920 which 
attained a height of 22 feet on Mukesar guage. The maximum flood on 
record is 30 feet." 

Similarly for the Lower Jhelum Canal, which he quotes, the 
following extract from pages 26 and 27 of the Punjab Administration 
Report for the year 1920-21, shows a steady and rapid increase of rabi 
irrigation; and there is no sign that the Punjab authorities agree with 
Mr. Woods that it is necessary to restrict it. 

"The rainfall during the year was scanty, even less than in the 
preceding driest year 1918-19. The absence of rain during the winter 
months has, perhaps, no parallel within living memory. The kharif season 
although comparatively dry was, on the whole, not so bad as the rabi 
season when owing to the absence of winter rains, the maturing of the 
crops was a matter of great anxiety and the prospects of outturn not as 
good as it would have been if helped by rain. Kharif supplies were 
sufficient but rotational turns had to be resorted to during the rabi season 
to meet intense demand. :f.ocal Canal Officers distributed available 
supplies efficiently and judiciously." 

"No calamity occurred during the year, the cotton crop being 
more fortunate than it usually is." 

• * * * * * • AREA IRRIGATED-KHARIF, 1921; RABI, 1920-21.-" The areas 
irrigated during the year compare as follows with the corresponding 
figures of the averages of the preceding two triennia and the figures of 
the year 1919-20" ;-

Average of the three 
years ending 

A+ea irrigated 
during 

Seasons. 

Hl16-17 1919-20 1919-20 J 1920-21 

Acres. 
, 

Acres. Acres. Acres. 
Kharif · . .. · . 232,414 255,848 284,070 273,000 
Rabi · . . . · . 587,728 531,441 . .534,830 550,021 

Total · . 820,142 787,289 818,900 823,021 
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"The area irrigated during kharif, though less by 11 ,070 acres 
than that in 1919-20 was larger than the average of either of the two' 
previous triennia. The roM area though less by 37,707 acres than the 
average of the triennium ending 1916-17, was better than in 1919-20,· 
and the average of the triennial period ending 1919-20. 

"The increase in the area irrigated is due to (a) absence of 
rain at time of sowing, and (b) new areas having been brought under 
irrigation. " 

It should be noted that in all these canal areas the average rainfall 
is from 4 to 6 times that in Sind, and as many of the natural drainage lines 
are blocked by canals (this is' now being improved), this rainfall probably 
has a far greater effect, than the canal irrigation, in water-logging the 
country, and raising the subsoil water level. 

Mr. Woods says it is the winter irrigation, mainly, that water-logs 
and impoverishes the soil, and throws it out of cultivation in consequence;· 
and that cultivation on the Sukkur Scheme should be limited to 50 per 
cent. of gross area. 

This is not borne out by the latest practice in the Punjab, as shown 
by the following extract from the Administration Report, 1920-21, of the 
Upper Chenab Canal: 

"This complicated 'zonal question,' which has hitherto 
retarded greatly the full development of the Upper Chenab Canal, has 
at last been satisfactorily settled and a sinlple workable system adopted 
instead of the complicated system of the original Project. Zones A and 
B have been amalgamated and a flat percentage of annual permissible 
irrigation (60 per cent.) laid down for this e!ltire area.· Similarly Zone C 
(khanf chaimels) has also obtained a flat percentage of 25 for the Raya 
Branch and Main Line chalmela and 20 per cent. for the Nokhar Branch. 
WeU irrigated areas, hitherto barred from cana/irrigation in Zones B and 
o have now been included in the irrigation scheme, thus rendering water
course construction on scientific lines possible. It is hoped that water
course construction all over the canal, which has been hanging fire for 
years pending the final settlement of this much discussed question, will 
now be pushed on and the canal rapidly brought to its full develop
ment ·as an irrigation machine." 

It will be noticed that in the perennial zones, permissible irriga· 
tioh is to be 60 per cent. of gross areas, while in the Kharif zone it is 
limited to 25 per cent. or 20 per cent. of gross. It will also be noticed 
tha.t areas irrigated by wells are now to be included in the canal 
irrigation schenle. 

Mr. Woods probably thinks this is all wrong procedure, but 
nevertheless it is the latest Punjab practice, evolved from that practical 
experience which he claims should be followed in the design of the 
Sukkur Project. 
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Mr. Woods does not give the year, or average of years, on which 
he bases his table of intensity of cultivation, shown on page 723. His 
figures cannot be located from any of the statistics of recant years, 

. published by the Irrigation Department of the Punjab. He states moreover 
that the final intensity of cultivation, 71 % of gross area, estimated for 
the Sukkur Canals, has been approached only in the case of the Lower 
Chenab Canal, for which he gives the intensity as 70% of gross. It will 
be seen from the following figures, that the Sukkur Canals estimated final 
intensity, of 71 % of gross area, has been exceeded in the last two years 
for which records are available, on both the Upper Bari Doab, and the 
Lower Chenab Canals. 

In 1919-20 which was a fairly favourable year, the intensity on the 
Upper Bari Doab Canal reached 76'5% of gross area, and on the Lower 
Chenab Canal 72'5% of gross. Even in 1920-21, when both rainfall, and 
supply available in the canals, was short, the intensities were ~1' 8 % 
. and 70' 7 % respectively. 

The Sind cultivation must be independent of rainfall, and the 
canals will always have sufficient supply, unless the Punjab withdrawals 
greatly reduce the discharge of the river. 

The following statistics, taken from the Administration Reports 
of the Punjab, illustrate the growth of cultivation on certain Punjab 
canals, and show the actual percentage of gross area cultivated ;-

Wutem Jumna. 

1. Gross area commanded 
2. Irrigated area . . • . 
3. Percentage of gross area 

cultivated . • • . 

Upper Bar; Doab. 

1. Cross area commanded " 

2. Irri gated area . . . . 
3. Percentage of gross area 

irrigated •• •. 

LolCer Jhelum Ganal. 

1. Gross area commanded 

I Triennium In In 
ending 1919-20. 1920-21. Remarks. 

\1919-20. 
, 

2,729,000 2,729,000 
767,000 855,000 

28·1% 31·6% 

2,707,000 1920-21 was an abnor· 
819,000 mally bad year a, 

regards short rain-
30· 2% fall; while canal 

supply was limited. 

1,687,000 1,639,000 1,639,000 

1,154,000 1,253,000 1,177,000 

In 1920-21 rainfall 
was deficient and 
supply available in 
river was insuffi
cient to meet the 

demand of the c'IDal. 
68·5% 76'5% 

1,359,000 1,342,000· 1,342,000 In 1920·21 the rain-
2. Irrigated area • • • • 787,000 819,000 823,000 fall was the 'lowest 
3. Percentage of gross area 

irrigated " .. 
on record. The rubi 

58% 61 % 61· 2% supply available in 
•• the canal was barely 

sufficient. New areas 
were brought under 
cultivation. 
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1 TrieDni~ In 
-- I onding 1919-20. 

I 1919-20. 

Sirkin. Canal. 

I. Gross area commanded 4.527,000 4,527,000 
2. Irrigated area · . .. 1,302,000 1,549,000 
3. Percentage of gross area 

irrigated · . .. 28'8% 34'2% 

LoWer Chcnab Canal. 

1. Gross area commanded .. 3,388,000 3,384,000 
2. Irrigated area 2,357,000 2,455,000 
3. Percentage of gross area 

irrigated · . .. 69'5% 72'5% 

In 
1920-21. 

4,541,000 
1,705,000 

37'6% 

3,384,000 
2,396,000 

70'7% 

Remarks. 

In 1920-21 rainfall 
was deficient, bu t 
canal supply excel 

d lent, and deman 
keen. 

In 1920-21 rainlal I 
d was deficient an 
e the supplyavailabl 

in the river w 
insufficient to mee 

as 
t 
e the demand of tb 

canal. 

2. WATER-LOGGING.-The above quotations from la~st Punjab 
Reports disprove Mr. Woods' assertion that it is the winter irrigation, 
principally, which causes water-logging. In the Punjab they are now 
allowing 60 % intensity in perennial areas, and only 20 to 25% in areas 
having only a khari! supply. . His assertion that, in the Punjab, perennial 
canal irrigation is not ~troduced into areas where the subsoil water 
level is less than 25' below the surface, is correct. But as shown before, 
the rainfall in these tracts is from 4 to 6 times the rainfall in Sind, and 
this is certainly largely instrumental in the raising of the subsoil water 
level, especially as many of the Punjab canals interfere with, and block, 
the natural drainage lines for carrying off the rainfall. In the Sind 
Project Canals all drainage lines are left unobstructed, and are assisted 
by artificial channels along their bottoms. Moreover if Mr. Woods' 
proposal, to limit perennial irrigation to areas in which the subsoil water 
level i~ more than 25' below the surface, were generally applied, it would 
be necessary to stop all the double cropping of rice in the Madras delta 
canals, where it is now everywhere adopted, and where the subsoil water 
level is much nearer the surface than 25'. In many parts of the Krishna, 
Godaveri and Cauveri deltas the subsoil water level is almost, or· quite, 
at the surface, and yet two crops of rice are irrigated every year. The 
importance attached by the Bombay Government to the prevention 
of water-logging is shown by the provision of llO lakhs of rupees, for 
drainage works, in the estimates of the project. 

It may be remarked that at Mitho Machi, at M 52 of the Jamrao. 
the subsoil water level was at least 40' below the surface. There was 
no sign of salt on the surface before irrigation started. After ~ or .3 
years, very bad salt efflorescence occurred in isolated patches. . When 
this occurred subsoil water level was' still about 40' below the surface. , 

At Jhando Mari, the subsoil water level was less than 30' below 
surface. Aft~r 10 years of perennial irrigation, there was not the slightest 
sign of salt Qll the land. This would seem to. indicate tht efflorescen~ 
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only appears when salt is in excess in the soil, and is independent of the 
subsoil water level. This may be contrary to theory, but is based on 
actual experience. 

3. THE PRESERVATION OF WELL IRRIGATION.-Mr. Woods 
states that in the Punjab it is a well established principle that perennial 
canal irrigation shall not be introduced into a tract which is already 
irrigated to great extent by wells. The preceding extract (page 39 
ante) from the Administration Report of the Upper Chenab Canal for 
1919-20, shows that the Punjab Government has now abandoned this 
principle, and is now permitting perennial canal irrigation in the well
irrigated areas. But even if Mr. Woods' proposals were carried out in 
the Sind Project, and all well-irrigated lands were excluded, it would, 
make only an infinitesimal difierence to the project. The following 
statement shows the actual areas irrigated by wells ill the whole Barrage 
Zone during the past 10 years. It will be seen that the average area 
thus irrigated was only 16,230 acres, and the maximum 24,083 acres, 
out of a total gross area of 7,500,000 acres; or a maximum of 0'32 % 
of the gross area. Even assuming that the intensity of irrigation on 
these well-lands is only 33 % (it is probably nearly 100 %) the gross 
area affected would be only 1 % of the total gross area on the project. 
In any case, the effect of these wells, on the subsoil water level, is 
,-absolutely negligible, since the inflow to the wells is extremely slow 
through the fine soil of Sind, and with any considerable increase of head, 

. -i.e., lowering of water level in the well, the soil at bottom of well 
immediately" blows" and puts it out of action. 

Statement of area irrigated from wells in Barrage Zone of Sind . 
for th~ last ten years (1.912-13 to 1921-22) :-

Years. Acres. 
1912-1913 17,960 
1913-1914 18,253 
1914-1915 9,645 
1915-1916 22,452 
1916-1917 16,282 
1917-1918 9,215 
1918-1919 16,306 
1919-1920 14,174 
1920-1921 24,083 
1921-1922 13,926 

162,296 

16,230 average. 

4. LEVEL OF SUBSOIL WATER TABLE. -Mr. Woods' diagrams 
of Subsoil Water Level, Plate II, Figs (a) and (b),page 711, show correctly 
the present conditions in Sind; but the existing canals in Sind block 
almost every natural drainage line, especially on the Right Bank; while 
the heavy flooding caused by the unregulated canals, at times of high 
floods, snq the filling of the MW10har Lake, which is the natura! coUect-
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ing basin of all the drainage, by the Aral Canal, all tend to keep the 
subsoil water level at a high level. r n the Barrage Project, provision 
is made for abandoning, and cutting through, all such canals as block the 
drainage ; for preventing all flooding by canals; and for draining the 
Munchar Lake to a very low level, shutting out all Indus waterfrom it, 
and draining off all accumulation of drainage water therein, at a very 
rapid rate. It is expected that these improvements will affect a consid
erable lowering of the present subsoil water level, and should more than 
balance the extra irrigation water to be given after final development. 

Mr. Woods .says that the conditions in Sind (after development) 
will be much worse than in Middle Egypt because-

(a) The area irrigated in Middle Egypt, in the winter, is much 
less than in the summer, whereas in the Sind Project it 
will be twice as great. 

But the Egyptian records divide Egypt into Upper Egypt (Asswan 
to Cairo) and Lower Egypt (the Delta-from Cairo to the sea). We can
not check Mr. Woods' definition of Middle Egypt, but will later deal with 
Upper and Lower Egypt. 

(b) He says the Bahr Yusuf is at a relatively low level, and 
acts as a drain to the subsoil water level, but there is n~r; 
corresponding provision in the Sukkur Project. f n 

\'C 
In the first place the Bahr Yusuf is a channel lea<liI1g to Lak ~ 

Qurun, which is an inland lake having no outlet, but at a very low level. 
The Bahr Yusuf only traverses half of Upp~r Egypt. In Sind we have 
great natural drains on either banlr. That on the Left Bank is the 
Eastern Nara Channel, which has a steep fall, and .runs out to the sea, 
and-is at a considerably lower level than the Indus, or than the lands to' 
be irrigated, which drain towards it. That on the Right Bank is the 
Western Nara Valley. This is also much below the level of the Indus, and 
all lands to be irrigated, drain into it. It empties into the Munchar 
Lalre, a great natural depression at the extreme south of the irrigated 
area. The Munchar Lake can, and will, be drained, almost empty (to 
a much lower level than it ever reaches at present) by the great drainage 
channel to be cut from it to the river. 

(e) He states that much of the perennial irrigation in Egypt 
is "lift" irrigation, whereas -that on the Sulrkur Project 
is to be entirely "How." Both statements are correct, but 
many of the existing Egyptian perennial canals were merely 
old natural channels, utilized as canals, in much the same 
way as many of the existing Sind inundation canals were 
evolved. The Egyptian authorities are now building 
barrages, and cutting new canals, so as to command all land 
by How, and the old canals will be abandoned, and used 

. as drains, exactly as We now propose to do in Sind, 
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5. PROPORTIONATE AREAS OF SUMMER AND WINTER IRRIGATION. 

-Mr. Woods says the Sukkur Project draws no useful . lessons from 
irrigation experience in Egypt, and says that in Upper Egypt only 43 
per cent. of the culturable area is allotted to perennial irrigation. 

Feddans. 
The area perennially cultivated is 1,005,000 

" 
" 

" of basin irri~a tion is .. 

" of flood irrigated land in berms and islands. 

995,842 

290,793 

2,291,635 

i.e., 44 per cent. of the total cultivation (which is the whole cul
turable ~rea) is perennial irrigation. There is no question of allotting this 
area to perennial irrigation, it is merely limited by the total perennial 
water supply available . 

. " Eventually the whole of Upper Egypt will be perennially culti
vated, except some inconsiderable patehes which are not reclaimable, and 
·low-lying Nile islands and berms. The great part of the present basins 
will be given free flow irrigation from the existing Assyut lind Esna 
Barrages and a new barrage to be built at Nag Hamadi." The Egyptian 
definition of perennial land is that which produces two crops annually. 
The figures given in "Nile Control" quoted from the Annuaire Sta.tisque 
are as follows;-

Percen-

Year. 
- tage of 

Cultivated Perennial Area culti- Perennial 
Area. Area: vated Area culti-

twice. vated 
twice. 

I 
Feddans. Feddans. Feddans. 

1913-1914 · . · . 5,020,000 3,820,000 2,550,000 67 

1914-1915 · . · '1 
5,310,000 4,110,000 2,520,000 61 

1915-1916 · . · . 5,230,000 4,030,000 2,300,000 57 

1916-1917 · . . .. 5,320,000 4,120,000 2,370,000 58 

I Mean 61 
I 

.. 

which show that from the years 1913 to 1917 the percentage of area 
cUltivated twice was 61 per cent. of perennial Irrigation. 

The Rim of Egypt, as stated in the above quotation, is to con
vert the whole country to perennial irrigation, as will be seen from 
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the following figures which are hoped to be attained when the salt lakes 
in the north are fully reclaimed: 

Cultivable perennially 

Berms and islands cultivable after flood 

Fisheries 

Uncultivable 

Total 

Feddans. 

7,191,000 

101,635 

200,000 

650,165 

8,142,800 

i.e., the aun IS to give perennial irrigation 88' 4 per cent. of the 
gross area of Egypt. In no place in the Delta of the Nile is the subsoil 
water level as low as 25 feet below the surface; in fact, in many places 
it is well within 10 feet of the surface. 

l\Ir. Woods says that the area irrigated in the winter season in 
Madras, excluding the Godavari, is inSignificant. Insignificant is a 
relative term. The following table shows actuals for some of the other 
canals. 

These areas really compare only with the Rice Canals of the 
Sukkur Project, in which the final intensity is calculated as '90 '.5. per cent. 
of culturable, which is exactly the figure for these Madras Canals 80S 

shown below :-

-
Canal. Triennium ending 

During 1919-20. During 1920-21. 1919-20. 

-_. 

1st crop. 2nd crop. Ist crop. 2nd crop. 1st crop. 2nd crop. 
1. Kurnool-Cud d a p .. h 

Canal .. .. 64,960 13,570 66,724 14,721 92,968 13,321 

2. Penner River Canals. 153,350 41,722 154,132 46,148 154,923 15,962 

3. Barur Tank •. .. 3,428 1,529 3,730 2,226 3,327 576 

4. Poiney Anient Sys-
tem .. .. 20,393 6,038 22,522 9,031 21,408 5,923 

5. Cheyyar Anicut Sys-
tem . .. .. 20,409 10,706 20,976 15,040 21,504 14,S08 

6. Cauvery Delta Sys-
tem .. .. 876,456 92,879 896,433 109,911 897,487 100,625 

7. Penyar System .. , 128,683 46,709 128,767
1 

50,821 129,712 49,694 

Srivai Kuntam Anient. i 8. 25,068 20,1 SO 25,0321 20,065 25,278 18,255 , 
Totals- .. i 1,292,747 233,333

1

1.318,316 266,963 1,346,607 210.164 
Percentage of 2nd crop I 

to 1st crop .. .. I .. 'lS%. •. 20'2% .. 16'3% 
1 I 
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Area at pre-I Actual Actual 
Culturable sent estimat- cultivation cultivation 

Canal. area ed as annual- 1919-20 1920-21 
commanded. ly irrigable and percen t- and percent-

by canal. age of irri- age of irri· 
gable. gable. 

L Kurnool-Cuddapah Canal. 357,470 122,899 81,445 106,289 
77% 87% 

2. Penner River Canals · . 190,000 147,274 200,280 170,885 
136% 116% 

3. Barur Tank" · . · . 6,887 6,887 5,956 3,903 
87% 57% 

4. Poiney Anicut System · . 23,824 22,462 31,553

1 

27,331 
140% 122% 

5. Cheyyar .. .. · . 29,461 22,463 36,016 36,312 
160% 162% 

6. Cauvery Delta .. · . 909,034 900,926 1,005,344 998,112 
112% 111% 

7. Periyar System · . · . . not known 143,000 179,588 .179,406 
125% 125% 

8. Srivai Kuntam Anicut · . 33,500 23,014 45,098 43,536 
196% 189% 

Totals · . 1,550,176 1,388,925 1,585,280 1,565,771 

Percentage of estimated an-
nually irpgable, actually 
irrigated .• · . · . 

Percentage of culturtable, ac-
... . . ... 114% 113% 

tually irl'igated, omitting 
(7) because not known · . . ... . ... 90'15% 89'4% 

" "' ". 
".. These figures seem to indicate that the winter cultivation, which 

is almost wholly rice, is only limited by the supply available, and by the 
fact that such a very high proportion of the area is sown (with rice) 
in kharif season, leaving little area for 2nd crops, unless grown on the 
same land. Mr. Woods says there is no justification in past irrigation 
experience, either in, or out Qf, India, for the assumption that the winter 
irrigation in the Sina project will be double the summer irrigation. 

The following statistics for some of the Punjab Perennial 
Canals are given in support of the Sind estimate ;-

3 years 3 years During During ending " ending 1919-20. 1920-21. 1916-17. 1919-20. 

LoweT Chenab. 
Kharif .. · . · . 693,474 791,329 851,161 834,149 
Rabi . . · . · . 1,600,866 1,565,854 1,604,064 1,561,827 

Percentage of Rabi to 
" Kharif · . · . 230% " 198% 188% 188% 

LoweT Jhelum. 
Kharif · . · . 232,414 255,848 284,070 273,000 
Rabi · . · . 587,728 531,441 '534,830 550,021 

Percentage of Rabi to 
Kharif · . · . 253% 208% 188% 202% 
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It has already been explained from the Administration Reports, 
that in both 1919-20 and 1920-21, the amount of rabi irrigation was 
limited only by the climatic .conditions, and the water supply available; 
and that the demand for camil irrigation was very keen. Had the rain
fall been heavier, and more water available in the canals, still more 
rabi would have been grown. 

Mr. Woods refers to the Bombay Government letter in which 
it was stated that" in the final estimates only 27% of the culturable 
area would probably be estimated as rabi area" but" provision was to 
be made for it " (i.e., for a possible area of 54% of culturable). Actually 
in the estimates the full final area of 54% of culturable has been worked 
out, to show the possible eventual results, but a productive project 
was shown 10 years after completion of the canals, and at this date the 
area of rabi estimated is 1,579,900 acres only, out of a culturable area 
on the perennial canals only of 5,994,485 acres, or 26' 5% of the 
culturable, while kharif area is 1,529,705 acres or 25' 5% of culturable. 
With the revised rate of interest, 6% on capital outlay, and crediting 
the project with the sale value of lands, the return on outlay in this 
loth year after completion, is now estimated to be 11' 6% on capital 
outlay, so that if no further expansion of rabi cultivation took place, 
the project would still pay handsomely. But there is not the slightest 
reason to suppose that rabi cultivation will stop at 27% of culturable, 
and it is extremely likely that it will reach the full estimated area, ~ 
54% of cultumble. ~ 

The Bombay Government never considered it prudent, as stated 
by Mr. Woods, to design the canals to carry a supply for only 27% of 
culturable. They specifically stated in the letter he quotes, that 
proviSion should be made in the designs for supplying 54% of the 
culturable area in the rabi season. They merely stated that the financial 
productivity of the project would probably be calculated on a 27% 
rabi area, and this has actually been done. 

FORKCAST OF AREA TO DE IRRIGATED EAcn SEASON ANNUALLY.- Page 725. 

Mr. Woods states that in the Sukkur Project the estimated area of Paragr.ph 6 

irrigation in the 21st year, i.e., 10 years after completion is 3,741,000 
acres. This is correct. He goes on to say that the existing cultivation 
on the Right Bani, is 894,000 acres annually (this is correct) out of 
which. 575,000 acres are under rice, and will not be fit hereafter for 
anything but summer irrigation. This is not correct. He further 
says "Deducting these 575,000 acres hom 3,741,000, we have left 
3,166,000 acres, -yvhich, under the Project design, are to be irrigated 
1,055,000 acres in the summer, and 2,110,000 in the winter." 

'.' 
Actually on the Right Bank, out of 894,000 acres of present 

cultivation, only 364,081 are rice. He further omits all present rice 
cultivation on the Left Bank (Rohri Canal and Eastern Naro System) 
which amounts to 157,449 acres UIlnually, or a total present area of rice 
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cultivation of. 521,530 acres. He proceeds to deduct present rice cultiva
tion from future total cultivation to obtain an estimate of future perennial 
cultivation in the project, and he omits altogether to take any notice 
of the great expansion of rice cultivation allowed for. Why he should 
have gone to the trouble of working out a fictitious estimate of the 
perennial cropping in the project, when actual estimated figures are 
given on the same page as the present rice area, is not apparent, unless 
he deliberately wished to mislead. 

The Sukkur Project provides for extending tile present rice 
cultivation, in tracts only suitable for it, from the present area of 521,530 
acres of rice, to 8i2,867 acres of rice with 47,500 acres of other kharif, 
totalling 860,000 acres summer cultivation in rice areas (and no winter 
irrigation). This leaves 3,741,000-860,000=2,881,000 acres of annual 
irrigation in the perennial tracts, of which 1,579,900 acres are rabi, and 
1,301,000 acres are kharif (excluding rice), i.e., in the 21st year the 
proportions of kharif and rabi are 45% and 55% of the total cUltivation 
in the pe:rennially irrigated tracts, while in the rice tracts there is no 
rabi. 

The area of culturable land in the rice tracts is 952,000 acres, and 
the total culturable area under the Porject is 6,530,000 acres, so that the 
total culturable area under perennial irrigation is 5,578,000 acres, of 
which the estimated rabi in the 21st year, viz., 1,579,900 acres as above, 
is 28'3 % only. Thus the actual area of winter irrigation allowed 
for in the project in the 21st year, while much less than the figure 
Mr. Woods calculates it to be, (2,1l0,000), is only 2,900 acres more than 
he himself estimates as reasonable (1,577,000). Again he repeats all the 
above misleading and incorrect statements in connection with the Pro
ject final e~timate of c~ltivation in the 41st year. Here again the final 
rice cultivation estimated for is 812,867 acres, with 47,500 acres of other 
kharif, in the rice tracts, totalling 860,000 acres of summer cultivation, 
on the 952,000 acres of culturable land in the rice tracts. (There is no 
further expansion 'after the 21st year.) Deducting this area from the 
final total cultivation of 5,308,000 acres, leaves 4,448,000 acres of annual 
irrigation in the perennially irrigated tracts, of which 3,091,000 is rabi 
and 1,357,000 is kharif, (excluding rice), or 69'5 % and 30'5 % respect
ivelyof the eventual cultivation, or a ratio_of 2'28 of rabi to I of kharif. 
In 1915-16 on the LowerChenab Canal, which is a perennial system 
remodelled from an inundation system, the ratio of rabi to kharif (exclud
ing rice) was 2'63 to 1. 

This section of Mr. Woods' paper is based throughout on hiS own 
opinion and judgment. Thus he says" my opinion is tha·t this forecast 
will probably not materialize, and that the winter area will not 
be greater than the summer area". "My opinion is that no greater 
area can ever be expected". "I reckon that the project will not 
commence irrigation till the 11th year," etc. 

Mr. Woods may be an expert in these matters for the districts 
he knows in the Punjab but even there" his opinion" and his forecasts 
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are by no means infallible, as is shown in the following extract from the 
Administration Report of the Punjab Irrigation for 1920-21, page 20, 
which shows that the actual results on the Upper Chenab Canal (still 
developing) already far surpass his estimate of cultivation, made by 
him in modification of other officers' estimates, which are now almost 
attained. 

" The total area irrigated included 559,37l acres in old proprietary 
villages and 41,976 acres in new colony villages. It will be 
seen that the Project Forecast is now within a very short distance of 
attainment, whilst Mr. Woods' forecast of 530,000 acres in the Oompletion 
Report has long been surpassed; and, indeed, it is not too much to hope 
that Mr. Purves' forecast of 725,000 acres (vide Completion Report of 
Upper Chenab Canal) will also be attaiued, when the water-course 
system of the Canal is fully developed and the remodelling required for 
the enhanced supplies entailed by the final" orders on the zonal question 
fully completed." 

Mr. Woods says that h.e reckons the Project will not commence 
irrigation till the 11th year. He seems to overlook the fact that many 
of the great branch canals are already complete, such as the Dad and 

. Nasrat and Jamrao Canals, and ouly require linking up to the main head 
canal j while many others such as the Mithrao, Thar, etc., only need 
slight remodelling, and enlarging, similariy to benefit, directly the short 
new suppiy channel is cut. Mr. Woods surely does not suggest that it 
will take 11 years to cut one head canalS miles long, and another 65 miles 
long. The project allows 6 years for this work, which should be ample, 
with the rapid mechanical excavators proposed to be used, and which have 
so amply proved their capacity in Siam, the Sudan and elsewhere. 



Appendix C, 
page 726. 

The Project Estimates of Cost. 
Mr. Woods says that a simple check on the sufficiency of the 

estimates of the Sukkur Project, may be found in a comparison with 
the figures of the Triple Canal Project, completed in 1912-15. 

He takes the Upper Chenab and the Lower Bari Doab Canals; 
combined, with a designed discharge at head of 11,694 cusecs, for com
parison with the Rohri Canal having a designed discharge at head of 
10,992 cusecs. 

But he omits to point out that these systems are in no way com
parable on the ground of cost. 

In the first place the Upper Chenab Canal utilizes only 4,944 
cusecs, throughout the 113 miles of its length, on the irrigation of its 
commanded area. It has to carry the balance, 6,750 cusecs, throughout 
its 113 miles, for the use of the Lower Bari Doab Canal, whose first 
outlet-the Montgomery Branch-, is at mile 41, where the discharge is 
6,233. Thus the combined canals have to carry:6,233 cusecs for 154 miles. 
The discharge of the Romi Canal is 10,992. at the head, and its first large 
branches, the Nasrat and Sema, are at mile 61, where the discharge 
in the main canal is 9,555 cusecs. At 81 miles from the head, the dis
charge in the main line is reduced t~ 6,263 cusecs, or almost exactly 
the same discharge as that of the Lower Bari Doab 154 nllies from the 
head of the Upper Chenab Canal. For the first 23 nllies of its length 
the Upper Chenab Canal calTies 11,700 cusecs, reducing at this point 
to 9,434 cusecs, or approximately the same as the Rohri Canal at milt' 
61. 

Thus the comparison between the two systems is as f~llows :_' 

Upper Chenab Canal and Lower Bari Doab Rohri Canal. 
Canal. 

Length 
(Miles) 

Discharge. Length Discharge. 

( a) Head of Upper 23'7 116D4 Chenab Canal to mile, 
114:89 

(a) Head to mile 61 .. 61 
23. 

b) Mile 25 to mile 119'4 ' 89'3 9434 (b) Mile 61 to 81 .. 20 
6546 

e) Head of Lower Barl 4.1 6546 
Doab Canal to mile 
41. 

Mile cusecs 

6233 

I 
Mile cusecs. 

(a) 23'7 x ll,592 =274,500 
(b) 89'3X 7,995 =714,000 
(e) 41 x 6,390 =262,000 

I 
Mile cuse ... 

(a) SIX 10,273=626,500 
(b) 20x 7909 =158,200 

1,2UO,5OO 784,700 

. The mile CUROC. of Upper Chonab 'Canal plus Low'er Bari Doab Canal is 60 
per cent. greater than Rohri Canal up to the point where discharge in both is 
about the same, viz., 6,233, and 6,263 respectively. 

10992 
9555 

9555 
6263 



Secondly, these Punjab Canals cross the main drainage of the 
country where the average rainfall is about 25 inches per annum, and 
in the first 24 miles have 12 cross drainage works, while on the Raya 
Branch there are 17 cross drainage works in the first 30 miles, costing 
together over Rs. IS,OO,OOO, while the Rohri Canal passes through a 
tract in which the average rainfall is less than 7 inches per annum, and 
there is only one cross drainage work required, costing Rs. 62,000. 

Thirdly, these two Punjab Canals and their distributing systems 
were entirely new works, every bit of which had to be done de novo. 

The two largest branches of the Rohri Canal are already in exis
tence, were remodelled in 1903, and need very slight remodelling now, 
consisting mainly of raising banks in places; while many other of the 
new branches will utilize, in whole or part, existing canals. Similarly 
with the Eastern N ara System, and the Right Bank Canal System, 
many of the largest branches are already in existence and only need 
slight alterations; and many other of the new branches utilize great 
lengths of existing channels, for which the remodelling work will cost 
far less than original excavation. -It is therefore impossible to compare 
usefully the cost of the Upper Chenab and Lower Bari Doab Canals 
with the cost of any of the Sind Canals, and all Mr. Wood estimates of 
the cost of the Sukkur Project, and the return thereon, are therefore 
vitiated. 

However since Mr. Woods compares Punjab Canals with Sind 
Canal8, it will be interesting to see how the cost of the Sulckur Project, 
submitted to the Government of India in July 1920, compares with 
Mr. Woods' own project for the ThaI Canal, submitted to the Govermnent 
of India in September 1919, when conditions for estimating costs were 
practically identical. Talcing his own method, in the Thai' Project, of 
estimating per acre of gross area, the cost of the Sukkur Project, including 
all direct charges for works, establishment, and tools and plant, works 

t t R 15,46.2;,352 __ - '>0' 7 f ou . 0 S. Acres 7,'94,077 - ~ rupees per acre 0 gross area. 

While for the Thai Canal the figures are_Rs,_9,08,50,OO~ = IS'4 
AcrclJ ,,",937 t 000 

rupees per acre of gross area. These figures are even more in favour 
of the Sukkur Project than they appear at first sight, since the ThaI 
Project is all de novo, and includes very heavy drainltge works, viz.:-

(1) The Jaba Superpassage which has to provide for 20,400 
cusecs. 

(2) The Wahi Syphon which has to pass 26,SOO cusecs. The 
cost of the cross drainage works in :Mr. Woods' estimate
aggregate Rs. 33,50,000, as against only Rs. 62,000 for 
those on the Rohri Canal. 

Moreover. there will be considerable expense and difficulty in 
protecting the first 9 miles of the 1;hal Canal from attacks of River Indus 
as explained in the following Ilxtract of Mr. Woods' report :_ 

"The ~t !4 miles of ~his aligmnent, from the proposed head, 
down to the YlClwty of the village of Moch, will Ii e within the riverin . , 
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and it is calculated that it will be necessary to protect it from attack 
by river floods in the fin;t 9 miles, or so, of its length." 

Secondly, as already explained, many of the Sul{kur Branch 
Canals are already in existence. 

Thirdly, the areas to be served, and in which the new works have 
to be carried out are entirely different. All the Sind Canals (with the 
exception of the Eastern .Nara River, on which only banks have to be 
made) pasa through country already cultivated and inhabited, where 
food and water supplies are always available, whereas the ThaI Project 
Canals are made among a desolate desert of sand-hills, sparsely 
populated, and where water and food supplies will be much more 
difficult to obtain l<3cally, than they are in Sind. 

The following descriptions of the' ThaI area are taken from 
Mr. Woods' own report on the Project:-

" The sand-dunes of the Thal.-The most striking feature of 
the uplands of the ThaI is the wilderness of sand-hills, or 
sand-dunes, or drift, sand which extends over so much 
of its area. Similar sand-dunes may be seen in every 
Punjab Doab, in particular localities; but nowhere, except 
in the Thai, do they extend over quite so vast an area, 
or over so large a fraction of the gross area of the Doab. 
These sand -drifts are scattered over the expanse of the 
Thai, and have been estimated to cover about one-quarter 
of the whole area. In the Bhakkar and Leiah Thasils, which 
extend across the Doab as a central belt, the area covered 
by sand has been estimated to amount to 800,000 acres, 

. or 1,250 square miles, out of a gross area of 3,000,000 
acres, or 4,700 square miles. The sand-dunes prevail with 
greatest intensity in the eastern parts of the Doab, 
bordering on the rivers Jhelum and Chenab; but they 
present a forbidding aspect also in the north'towards 
Mianwali and Khushab, and in the south towards 
Muzaffargarh." 

"It should, however, be. distinctly understood that the 
colonization on the canal will bear little or no resemblance 
to the existing Canal Colonies of the Punjab. The 
irrigable areas Will be of very irregular shape and much 
dispersed, communications will be inadequate, the soil 
will, much of it, be difficult of cultivation, and irrigation 
may for a time be subject to interruptions from the 
difficulties of maintaining the. water-courses. The crown 
land will probably be found unsuitable for anything on a 
large scale in the shape of reward grants to soldiers, or ., 
of grants to colOlusts from distant areas, and it will have 
to be colonised on a system of its own, which will possibly 
include a large proportion of capitalist areas, and the 
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adoption of an inferior class of peasant coloni~ts, 

recruited mainly from the Tl;al itself and other areas in 
the Western Pnnjab." 

" The existence of the sand-dunes, both in proprietary and in 
Government land, will be a serious obstacle, and the 
Lieutenant-Governor does not anticipate any very sub
stantial disappearance of the sandy areas such as has taken 
place on other canals. The experience of cultivation on 
the inundation canals in ]\fuzafl'argarh Thai gives gronnds, 
however, for expecting that the cultivation may increase 
to some extent beyond the amount assumed in the 
project by the gradual levelling and irrigating of land now 
occupied by sand hills." 

With regard to Mr. Woods' reference to the increase of 255 lakhs Paragraph 2. 

of rupees, made by the Government of India to the estimates for 
Ironwork and Plant in the Sukkur Projeet, the Report on that Project 
definitely stated that some such addition might be necessary in the light 
of later information possessed by the Government of India; and a 
special table was given in the report to facilitate the addition of such 
items if the Government of India found it necessary. The original 
estimates for these items were stated in the Report to have been 
prepared in 1918, on most unsatisfactory and indefinite information, at a 
time when no one could foresee prices two years ahead. 

Mr. Woodlf says the Government of India overlooked the necessity 
of revising the rates for other classes of work. These were not overlooked, 
and were carefully studied and rllviewed by the Government of India, 
who considered that the rates provided were sufficient. 

We now come to Mr. Woods' comparative table of rates at the 
bottom of page 726. The first point to notice is Mr. Woods' deliberate 
change of nomenclature of items, in order to enable him to make 
fictitious comparisons between items not really compara1;»le. Thus the 
first item shown is :-

"Concrete of Brick Ballast and Kankar Lime." The word kankar 
is never once used in the Report or Estimates of the Sukkur Project, 
for the simple reason that there is no kankar in Sind, and no one ever 
proposed to nse it. Mr. Woods has altered this item to kankar lime from 
hydraulic lime, probably not knowing that hydraulic lime is a.local pro
duct made artificially from the local limestone. 

CONCRETE OF BruCK BALLAST AND KANKAR LIME, SUKKUR CANALS 

PROJECT, 1920, Es. 32. 

No kankar lime is provid~d anywhere in the project. The item 
quoted should be concrete with hydraulic linle-locally prt'pared by 
burning white lime with clny-and brick ballast at Rs. 17 per 100 c. ft., 
vide page 1, Volume J>;:IV. 

Item I~ 



Item II. 

Item 1lI. 

Item IV. 

Item V. 

Item VI 
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CONCRETE OF BRICK BALLAST AND WHITE LIME. 

BaITage Estimate, 1919. Canals Project, 1920. 
Rs. Rs. 

17-8. 26 

In the BaITage estimate, no concrete of Brick Ballast is provided. 
This concrete, in the BaITage estimate, is of stone metal and hydraulic 
lime. Metal is available at the BaITage for Rs. 3 per 100 c.ft., and 
hydraulic lime has been taken at 35 per 100 c.ft. The rate of Rs. 26 per 
100 c.ft. for Brick BalJast and white lime concrete on canals is with 
brick ballast at 17 per 100 c.ft.; and white lime probably about Rs. 20 . 
per 100 c.ft. None is actually used in the works. Only the rate is shown. 

CONCRETE OF STONE BALLAST AND KANKAR LIME IN CANALS 

PROJECT, 1920, AT Rs. 25. 

This should be with hydraulic lime, as shown in estimates; page 
1, Volume XIV. This concrete is only provided for canal works near 
Rohri and Sukkur. The rate is higher than at the BaITage (Th!. 17-8) 
because materials will have to be carted to work, and not railed as for 
BaITage. Also the works will be comparatively small. 

CONCRETE OF STONE METAL IN CEMENT MORTAR. 

Barrage Estimate, 1919. 
Rs. 

45 

Canals Project, 1920. 
Rs. 

80 

The cement concrete at BaITage is made of stone metal at Es. 3 
per 100 c. ft. The mixture is 1 : 3 : 6 and there will be enormous quanti
ties made in a well laid out yard, served by railways, transporters and 
cranes. The cement concrete in the Canals Projects is a very small item 
and is used solely for the soling of roadways over bridges. It will be 
made of Brick Ballast aggregate at Rs. 17 per 100 c.ft. and the mixture 
estimated for is 1 : 2 :4. Cement will have a long lead by cart. 

"RANDOM RUBBLE MASONRY. 

BaITage Estimate, 1919. 
Rs. 

27 

Canal Projects, 1920. 
Rs. 

30 

At the BaITage there will be enormous quantities of this masonry 
in the floor of Barrage. All materials will be carried by rail right on to 
work from the quarries three miles distant. For the Canal works this 
masonry is only provided on a few works near Rohri and Sukkur, and the 
extra cost is due to materials being caITiedby cart inste/ld of by rail. 

COURSED RUDDLE MASONRY.-Barrage Estimate, 1919, Rs. 40. 

This masonry is used only in the Barrage and canal head works. 
There will be an enormous quantity of it, and materials will have 1\ 

lead of only 3 or 4 miles by rail right on to work. 
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Most of this masonry will be in piers and spandrils of Barrage. 
Only the outer faces of the 10' thick piers will be coursed masonry, the 
interior being uncoursed rubble masonry. The rate is a combined one 
for this composite masonry (vide paragraph 137 (a), page 48, Volume I). 
An extra rate is provided for Cut and Easewater Facings. 

, , ' 

No 'such masonry is provided on the canals as the designS are' 
more suitable for brickwork. 

The list as corrected will read as follows :-

Rates of cost (Rupees). ' 

Item Class of Work. Barrage Sukkur Punjab 
No. Estimate, Canal Ra~sJ 

1919. Projects, 1920. 
1920. 

1 Concrete of Brick Ballast and hydrau: 
lie lime .. .. .. .. Nil. 32 35 

2 Concrete of Brick Ballast and white 
lim. (None provided in estimates, 
Rates only shown) .. .. .. .... 26 35 

3 Concrete of Stone Ballast and hydrau-
lic lime .. .. .. .. 17-8 .... } 35 

Do. near Sukkur and Rohri only .... 25 

4 Concrete of Stone Ballast and Cement 
Mortarl: 3: 6 .. .. .. 45 Nil. 

}"fuOO 5 Conorete of Briok Ballast and Cement 
mortar 1: 2: 4 small quantities 
only .. .. .. .. .. Nil. 80 

6 Random Rubble Masonry in hydrau-
lic lime mortar .. .. .. 27 . ... } 45 

Do. near Sukkur and Rohri only. .... 30 

7 Coursed Rubble Masonry ii'l hydraulic • 
lime mortar .. . . . . . • 40 Nil. 50 

With regard to the rates given by Mr. Woods as "Punjab rates, 
1920" kankar has almost invariably to be collected and railed long dis
tances, and when buxnt has to be passed through a disintegrator, as this 
kankar will not slake like the ordinary quick lime obtained from Sukkur 
stone. The kankar now being used on the Sutlej Project is being carried 
some 60 to 70 miles by rail from the Bikanir State to the kilns at works. 
With regard to white lime, all the lime-stone at present used on the Sutlej 
Valley Project is being railed from the quarries at Baganwala to the kilns 
at Bahawalnagar-a distance of 400 miles, at a cost of Rs. 10-11 per 100 
c.ft. for railwayfrejght alone. this' is equivalent to an extra rate for 
freight of about Rs. 6 per 100 c.ft. of white lime. Arrll,ngements are 
also being made at present to take' lime-stone' from Rohri, i.e., three 
miles from 'the Sukkur Barrage to the Sutlej Valley Project, aJ~ad of 
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about 328 miles. All building stone for the Sutlej Project is being carried 
by rail from Baganwala or Taraki distances of 400 and 491 miles average 
lead respectively. Even for Mr. Woods' Tha.l Project all lime stone for 
lime burning has to be carried from Baganwala to Kalabagh by rail, a· 
-distance of 150 miles. And all building stone has to be carried from 
Baganwala or Hasan Abda.l, to Kalabagh by rail, distances of HiO and 100 
miles, respectively, as against 3 miles for all stone at Sukkur. 

The following table shows some of the principal items of work in 
the SJ1.kkur Project, the rates at which these are estimated therein, 
together with Mr. Woods' own estimate for similar items in the Thai 
Project. It should be remembered throughout that all stone and lime 
at Sukkur can be had within a lead of 3 to 4 miles, whereas at the Tha.l 

.,Kalabagh) head works- the lead for these materials is from 100 to 150 miles; and the 
lead for all ironwork from Europe, from the coast port Karachi, is only 
303 miles to Sukkur, and 796 miles to Kalabagh:-

Item. Positiol,l. IRate Sukkur., Rate Tha.!.1 Remarks. 

Rs. 
Earthwork. Headworks Emhankment ... Rs. 14 and 11 10 

per 1,000 c.ft. throughout. 
according to 

lead. 
Do. Do. Excavation-sand Rs. a. 

wet .. 15 0 10 
Do. Do. "sand dry 6 0 5 

Masonry 
york. 

!l1i,eellaneous 

M ai .. Lim Canal. 

6 
9 

. .. 12 

Excavation 0' to 5' 
5' to 10' 

10' to 15' 
Concrete Cement .. 1:2:4 

12 2 
13 3 
14 4 
80 0 70 

mixture not 
given. 

Lime Concrete White .. 1:2:4 26 0 35 
mixture not 

Brickwork, bridges, efe. 
" Archwork 

Dry pitching .. 
.. brick ballast 

Stonework. 

Ashlar masonry 
Rubble stone masonry with 

coursed rubble facing 
Rubble stone masonry 
Pitching stone 

Iro-nwork. 

Sheet Steel Piling 

Rolled Steel beams •. 

Barrage 
sluices 

Gates in under-

42 -0 
50 0 
25 0 
18 0 

given. 
38 
45 
20 

9 

100 0 175 

40 0 
40 

8 0 12 

1011 
per sq. ft. 

'33 6 
per cwt. 

139 0 
per sq. ft. 

Local stone. 

5 
per sq. ft. 

40 
per c\tt. 

40 
per sq. ft. 

Mean lead to 
spoil, 2 chains 
with 10' lift. 
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A strong Committee consisting of officials, and non-official busi
ness men, was recently appointed to consider, amongst other things, 
the increase in cost of work on New Delhi, due to the War. After a very 
careful and full investigation this Committee has reported to the Gov
ernment of India that the all-over increase of cost of work is 25 per cent. 
above pre-war rates. New Delhi may be considered a typical work 
as it includes almost every class of work, such as earthwork, stone masonry, 
brickwork, steelwork, railways, rellforced concrete construction, etc., 
and large quantities of up-to-date machinery and plant, and the most 
modern methods of work, are being employed. The plant includes 
electric cranes, stone dressing and cutting machinery, and concrete hand
ling plant. 

The Sukkui Project Rates allow for an all-round increase of at 
least 30 per cent. over pre-war-rates, while Mr. Woods, inthe Thal pro
ject, allows for an increase of 20 per cent. to 30 per cent. over pre-war 
rates, as may be seen from the following extracts from his report. on the 
Thai Project :-

"ESTIMATE OF COST OF HEAD WORKS AND MAIN CANAL.-The 
following works have been designed, and their cost estimated, in full 
details :-

(a) The Weir and its Sluices. 
(b) The Canal Head Regulator. 
(c) The River Training Works. 
(d) The Jaba Superpassage, R. D. 15,000, Main Line. 
(e) The District Road Bridge, R. D. 75,416, Main Line. 
(j) The Earthwork of the Main Line Upper, down to the 

first bifurcation at R. D. 170,400. 

The cost of the Whai and other Drainage Syphons has been inferred 
from the statistics of the actual cost of similar works on the Upper Jhelum 
Canal; the same being expressed in terms of rates per square foot of 
water-way of barrel, length of barrel, etc. 

Similarly the cost of bridges has been deduced from the detailed 
estimate of the District Road Bridge at R. D. 75,416, and the cost 
of Regulators, Foot Bridges, Inlets, etc., has been deduced from the 
statistics of cost of similar works on the Triple Canal System. 

SCHEDULE OF RATES OF WORKs.-The rates of cost assumed 
for the different classes of work involved in the detailed estimates (a), . 
(b), (c), (d), (e) of the preceding paragraph are set forth in the 
Schedule of Rates appended (Appendix .S). These rates are generally 
from 25 to 30 per cent. in excess of the rates actually paid for the con
struction of the Triple Canal System; or about 20 per cent. in excess 
of the rates paid for the Gujrat Branch, the most recently constructed 
portion of the Triple Canal Sys~m. 

The rates for Earthwork in channel excavation and embankment 
are about 20 per cent. higher than those paid on the Triple Canal 
System." 

• 
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It is true, as Mr. Woods says on page 727, that the rates he has 
selected and misrepresented may "tend to shake confidence in the 
sufficiency of the Sukkur Project estimates," but had he more fairly 
given all the rates, and shown actual pre-war rates, and his own rates 
for the Thal Project for comparison, they would have had a very different 
effect. 

3. HILL TORRENT WORKS, NORTH-WESTERNCANAL.-Mr. Woods 
states that " no provision has been made in the estimates of the Sukkur 
Project for the cost of works designed to pass the floods of the hill torrents 
of the Baluchistan border across the North-Western Canal. The pro
posal is to debit the cost of such works to a separate Provincial Fund, 
instead of to the Project Estimate." 

This is entirely incorrect. 

The flood protective works to which he refers, and which have been 
excluded from the Project, do not effect the North-Western -Canal 
at all. They affect the South-Eastern Perennial Canal, and as parts of 
the Protective Warks have been omitted, no extension of irrigation, over 
existing culti~ation, has been calculated for on areas not protected, as will 
be explained later. There is only one place at which floods from the 
Baluchistan border affect the North Western Canal, and these are 
satisfactorily provided for in the project, as described in the following 
extract from Appendix H, Volume VI of .the Barrage Project Report :-

"To the west of the tract runs a range of hills,-the Khirthar 
Hills-which run' with a. few breaks North to South starting from 
the Quetta hills, and extending right down to the sea coast near Karachi. 
The attached.small tracing No. 112 of 1919, scale 32 miles tothe inch, 
shews the general configuration of the country. The area commanded 
by the Right Bank Canal is coloured red, and the possible ~nsion 
into N asirabad Tahsil, etc., is shown in a lighter sha.de of red. 

" It will be seen that there are a number of rivers or torrents 
flowing southward, across the open country to the north of the com
manded area. Of these the most important appear to be the Bolan and 
Mulla rivers which meet at the extreme north-west corner of the com
manded area and flow through the valley line shown in plan 107 T along 
the north-west boundary of the commanded area. There is also a branch 
of the Bolan River, and a branch of the Chaker River, which debouch 
over the country to the east of the main streams already described, i.e., 
to the north of the Sir wah. 

" During years of ordinary rainfall of short duration it is probable 
that there is very little run-off through these torrents, most of the 
rainfall being absorbed and evaporated in its long journey across this 
arid tract. 

" When, however, rain is of long duration, or great intensity, ag 

happens at long intervals, there is a heavy run-off, and these torrents 
carry a large discharge. In the case of the westerly torrents (Bolan 
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and Mulla rivers) these have an unimpeded course through the north
western valley line described, and thence through the main Western 
Nara valley (much interrupted with canals) into the Manchar Lake. 
In the case of the two . easterly torrents these discharge over the 
country to the north of the Sir wah, the banks of which, if unbreached, 
serve to divert the flood water westward, where it joins the tail of the 
Bolan river and flows with it into the North-Western Valley, and 
thence to Manchar. If the Sir wah banks breach, as, being weak, they 
generally do, with a high flood, the water finds its way more directly 
into the main valley through the North-Eastern Valley line shown on 
plan 107 T. 

"This North-Eastern Valley is only at all well defined south
ward from a point close to the proposed Khirthar Branch; and above 
this point the contours show no defined valley, but a steady fall to the 
south and west. 

" As the Khirthar Branch, to the west of this point, runs parallel 
to the contours for 2 or 3 nliles, and thereafter runs down-hill, it is not 
considered necessary to provide an opening through the canal for the 
floods, as the proposed strong canal bank will divert the floods to the 
south-westward for 2 or 3 miles, after which they can fall with the 
contours, to the south and west, outside the canal banks, and enter the 
main North-Western Main Valley . 

.. The present weak banks of Sir wah, which hold up and divert 
smaller floods, cross the North-Eastern Valley where it is well defined, 
and has concentrated a large flow of water, but the new Khirthar 
Branch passes beyond the defined valley, and with its strong banks 
should have no difficulty in holding up, and diverting, the distributed 
flood water above it . 

. " The North-Western Valley and the main Western Nara Valley 
with its collecting basin, the Manchar Lake, is and always must be the 
natural and only course for these floods to take. 

The hill floods entering the commanded area of the South-Eastern 
Perennial Canal, are much more difficult to deal with, and a great project 
has been prepared to protect the country from these, and to utilize them 
elsewhere, outside the protected area. This complete project Will be 
found in Volume XIII of the Barrage Project Report. 

All the flood-excluding banks, therein provided, have been omitted 
from the Barrage Project, but the drainage works, necessary to deal with 
floods, have been retained, and the large sum of Re. 76,43,121 is provided 
for these works. 

The procedure resultiug from these omissions is fully explained 
in the following extract from Part I, Section I, Volume V of the 
Sukkur Projeot Reports :-

"MUNcHAR DRAlNAGE.-Although a complete Project for the 
protection of all irrigated lands. from the hill floods, has been prepared 
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and is submitted in Volume XIII of this Project, it has been considered 
desirable to exclude these works from this irrigation Project, as the 
Protective Works form an agricultural work and should be paid for by 
a special protective cess, independent of the irrigation rates. 

"It has therefore been decided to include in this Project only 
such works as are necessary to ensure the satisfactory drainage of the 
irrigated areas. These works consist of the great high-level and low-

. level drains from the Munchar Lake to the River, with the Combined 
Head Regulator for same. The cost of these works is estimated at 
Us. 76,43,121 and is debited to the Right Bank Canal System, no special 
revenue being credited to the Project on their account. 

" These arrangements provide for draining off accumulated floods 
:1t a fairly rapid rate, as the river falls, but do not alter any of the present 
.. ooding conditions at the time floods are entering the lake. The 
~ntering floods will still damage kharif crops, as at present, and the 
whole country up to the highest level (R. L. 124(0) to which the floods 
accumulate, will be covered with water for some months in a bad year. 

" It is therefore decided, in the latter area, to allow for no increase 
of cultivation, and to provide for present cultivated area at the. enhanced 
rates taken by Messrs. Baker and Lane, since the supply will be improved 
by the new canals; but to deduct from the total revenue thus obtained, 
remissions. equivalent to 30% of revenue obtained from khariI cul
tivation, but no remissions from rabi, as it is assumed that the new 
drain will free all present rabi areas, in time for cultivation. 

"For the remaining area which was flooded in 1917,· i.e., between 
contour 124' 0 and the northern limit of flooding, full rabi development 
is allowed for, as this area can be rapidly drained, and the kharif is assumed 
to increase from the present area half-way to the anticipated area (as 
calculated for protected lands in the rest of the Project). 

"Alt"the Flood Diversion, Valley and Lake-containing Banks are 
omitted from this· project, but the complete Protective Scheme is sent 
up with this Project in· Volume XIII and the remaining works may be 

·considered later if desired, as an Agricultural Work." 

Mr. Woods says the Paharpur Canal is somewhat similar to the 
North-Western Canal of the Sukkur Project. 

There is no similarity at all. 

In the first place the North-Western Canal ·is a large perennial 
canal supplied from a protected head at the Sukkur Barrage, and having 
a discharge of 4,313 cusecs. It does not cross the catchment of a country 
with heavy rainfall. 

The Paharpur Canal is a purely inundation canal wit.h an average 
discharge of only 200 cusecs for 6 months in the year, and bone dry for 
the remaining six months. It is fed from the Bilot creek of the River 
Indus, with no means of ensuring its supply, or excluding silt from it. 
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It is crossed by many hill torrents which continually breach it, and which 
in fact supply the water for the greater part of the irrigation. The fol
lowing extract from pages 2 and 3 of the Administration Report of the 
N orth-West Frontier l'rovince, 1920-21, gives a description of the canal 
which shows that no one could reasonably compare it with the large 
perennial North-Western Canal of the Sukkur Project:-

" IRRIGATED AREA.-A comparison of the area irrigated during 
the year with the previous years is given below:-

Year. Kharif. 
1917-18 8,392 
1918-19 
1919-20 
1920-21 

3,714 
7,522 
8,428 

Rabi. 
16,574 
3,070 

13,148 
5,501 

Total. 
24,966 
6,784 

20,670 
13,929. 

" The irrigation is entirely dependent on the rise and fall of the 
River Indus and the intensity of the hill torrents during the irrigating 
period. Water-rates were remitted on 6,254 acres of crops that failed 
to mature; this gives a very high percentage of 46 on the area irrigated 
and was due to insufficient supply, bad germination and bad soil. 

" FINANCIAL RESULTS.-The gross revenue, direct and indirect, 
was Rs. 27,272 and the working expenses Rs. 63,359. The result of the 
year's working is thus a loss of Rs. 36,087. The capita! outlay on the 
cana! is Rs. 9,20,749 . 

• 
" GENERAL REMARKS.-It is now realised that this canal is a hope-

less concern. An expenditure of at least Rs. 1,00,000 would be necessary 
to thoroughly silt clear it, but the feeding creek and the course of tlie 
River Indus are more unstable than in the past, and this heavy expenditure 
might be fruitless. A still larger expenditure on cross drainage 
works would be necessary to prevent the numerous hill torrents from 
breaching the canal and interrupting the supply from the river, but the 
country is being gradually raised by silt deposits brought down by these 
torrents and the effectiveness of such works would not therefore be per
manent ; moreover the bulk of the irrigation is effected by these torrents. 
The con version of the canal into a perennial channel and extending it is' 
not a commercial proposition by any means. The question of handing 
it over to the civil authorities to be worked on the lines of district canals is 
now being considered. The estimated value of the crops matured by 
this canal is Rs. 2,78,196." 

Mr. Woods says that "the authors of the Sukkur Project take 
credit for the revenue accrueing from the extension of the (N orth-Western) 
Canal to command an area of 400,000 acres of new land along the Baluch 
border, but they_ shirk debiting the full cost of that extension to their 
Project. This is not right. The cost, which may, perhaps, amount 
to half a crore of rupees (£300,000) should be added to the Project esti
mates." This statement is entirely incorrect as shown above. No 
necessary works have been omitted from this canal project, and the full 
cost of all estlmated works is debited to it. 

Irrigated 
area. 
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4. PROVISION FOR MAINTENANCE BEFORE COMPLETION.-Mr. 

Woods states that no provision has been made in the Sukkur Project for 
maintenance of .canal works, between the date of their completion and 
the date of commencement of irrigation. This is entirely wrong, and 
Mr. Woods has either not taken the trouble to look at the estimates, or 
is deliberately misleading his readers. 

The actual provision made in the Sukkur Project, for maintenance 
of canals during construction, is Rs. 11,63,133. 

He further says that in the case of the Triple Canal Project the 
actual cost of this maintenance was, under pre-war conditions, 
Rs. 20,00,000, equivalent under post-war conditions to Rs. 26,00,000. 
This figure is also incorrect. The actual total expenditure for main
,tenance during construction of tJie Triple Canal Project, as given in the 
Completion Report, edited by Mr. Woods himself, was Rs. 11,88,923, 
against the project estimate of Rs. 13,00,657. ' 

As tills was a pre-war expenditure we may add 30 per cent. to it 
to give an equivalent post-war expenditure or Rs. 11,88,923+30 per 
cent., say Rs. 15,50,000. 

But the Triple Canal Project is entirely within a tract having an' 
average rainfall of 7 to 32 inches per annum, while the average rainfall 
in the Sukkur Project tract is only 4! to 7 inches per annum, or less than 
OIia-quarter of that in the Punjab, while the cross drainages in the Punjab 
are extremely numerous and heavy; and in Sind are few and light. It 
is this rainfall which damages canal works, as is clearly shown by an in
spection of the actual expenditure for maintenance on the three canals 
of the Triple Project. '(See table below):-

-
Total 

Main Branch expenditure on Mainte-
Canal. Canal Canal. Total Average maintenance, na.nce 

Miles. Miles. Miles. Rainfall. excluding per, 
Headworks. mile. 

, 
Rs. Rs. 

Upper Jhelum •. 88 37 125 15 to 32 ins. 4,28,452 3,410 

Upper Chenah •• 119 53 172 8 to 25 in •. 3,26,566 1,904 

Lower Barl Doab 134 62 196 7to 11 in •. 3,03,866 1,550 

The length of the Sukkur Project, Main Canals and Branches, is 
1,571 miles, so that the provision made amounts to Rs. 740 per mile, in 
an area of far lighter rainfall. But it has been estjmated in detail, from 
the actual length of each canal, and the number of years it will have to 
be maintained, at rates which experience of maintaining canals in Sind 
shows to 'be ample. ' 
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5. PROBABLE TOTAL CosT.-Mr. Woods says there are " other 
numerous. instances of omission, or of under-estimation, which need not 
be described in detail." It is of course impossible to answer a. vague 
as.'lertion of this nature, but it may be assumed that Mr. Woods has 
selected what he considers the worst of such omissions, and under
estimations, in his preceding arguments; and as his specific. accusations 
have been shown to be incorrect statements, exaggerations, or mis-. 
representations, there is no need to discuss his gent'ral assertipn. 

Page 727. 
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Kutter's Coefficient. 
Appendix D. Mr. Woods says " the value of Kutter's Coeffici~nt is not 

likely, in practice, to' be so low as 0'02. In the Punjab, the 
practice has been, for 20 or 30 years past, to design main canals 
on the assumption that 'N' = 0'0225." And he proceeds to 
quote the average value of "N ", found by experiment in three of 
the Punjab Canals. Again he says" The soil of Sind is said to be lighter 
and more fJ:iable than that of the Punjab, but even if it be not, it is quite 
on the cards that the canals of the Sukkur Project may exhibit a rngosity 
implying' N '=0'027." And again" In any case it is impossible for any 
expert to deny that the Sukkur Canals may have a coefficient of rugosity 
as high as 0'25 or even 0'27 in their head reaches." Now, in Sind,elabo~ate 
and careful experiments have been made for several years past, in every 
district, to determine the actual value of "N " on numerous canals. 

J.l.fr. Woods might have enquired for these figures had he really 
wished for' accurate information. Why then does he not quote actual 
figures for existing Sind Canals, instead of quoting Punjab figures, and 
making assumptions and assertions of his own, to get figures" for the 
Sukkur Project ~ The reason is obvious. The actual figures do not suit 
his argument. Let us examine some actual figures for Sind. It should 
be noted in passing that every engineer, with any knowledge of Sind and 
the Punjab, knows that the soil of Sind is much finer than tlmt of the 
Punjab, as is also the silt carried in suspension in the river and canals. 
The heavier silts and sands are deposited in the upper reaches of a river 
and the finer silts carried onward, so that as we progress towards the 
mouth of a river, the silt in suspension, and the soil formed by its deposi
tion, becomes finer and finer. The finer the soil, the smoother is the 
exposed surface of a canal cut in it, and therefore the lower the coefficient 
of rugosity. 

It may further be noticed that the existing Sind Canals Bre seldom 
designed on modern methods, or have the most satisfactory aligmnents 
and cross-sections, all which affect the value of "N." Nor are many of 
them maintained in that excellent order which is assumed to be a sine 
qua non of the working of the proposed new canals. Hence, results 
which have actually been obtained in existing Sind canals, will certainly 
be attained, or exceeded, in the new canals. The following table gives 
a few actual results obtained in Sind. . All the experiments quoted have 
been carried out by selected, trained officers, wit.h specinlly designed 
arrangements to ensure accuracy. It will be seen that, contrary to 
:Mr. Woods' assertion that in practice, the value of " N " is not likely to 
be so low as O· 02, it is found very often, in practice, to be m.1lch 10'weT 

than 0'02. The results quoted below provide ample proof that it is 
perfectly safe and reasonable to assume a value of O· 02 for large channels 

. in Sind, maintained in good order,. and designed ~o c9rrect hydraulic 
sections. For tile smaller channels-ilverything carrying less than 200 
cusecs-the value of " N" has been assumed in the Project as 0'0225 
whereas actuals in Sind show that, even in these small channels, the 
value is often as low as 0'017, in fact, even lower values are obtained. 
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Some selected results of observations for values of " N " in Sind 
Canals in the 3 years 1916-1918 are given below. These canals have 
fairly good sections. 

Canal and lllace of observation. 

. 

Discharges over 2000 cusccs. 

Western Nara. New AkiJ Mouth Mil. 0/1 
Do. do. · . · . 
Do. do. · . · . 

Sukkur Canal Mile 18 · . · . 
D ad Wah Mile II /3 · . · . 

Discharges between 1000 and 2000 
seeS. 

olonel Fife's Channel c 
P 

D 
D 

Do. do. 
ritchard Canal · . 

U 
M 

Do. do, · . 
esert Canal · . 
ad Wah Mile 50 .. 

Do. do. · . 
nhar Wah Mile 5 
ithrao Canal Mile 27 

Do. do. 
N a.srat Canal .. 

Do. do. · . 

.. ' , 

· . · . 
.. · . .. · . 
· . · . 
· . .. 
· . · . 
· . .. 
· . · . .. .. 
.. · . 
· . · . 

Dischl:l.l'gct) between 100 and 1000 
CUBecs. 

uloli Escape at 1100' · . 
Do. do. · . 

amrao Canal Mile 85 · . 
Do, do. .. 

mal'ji Branch Mile 12 · . 
·Do. do. .. 

F 

J 

A 

J 
D 
S 

amrao.West llraneh Mil",). 
ad Wah Mile 52 •• · . 
h.di Wah taki 1~ .. 

Do. do. · . 
lithrao Mile 45 .. .. 
ajwah ex Western Kara 0/4 

.Do. do. .. 
lahi Wuh Mile 16 · . 

Do. do, · . . ,' 
"' • Channel No. 1 ex ~Illd Canal 

Do. do. 

· . 
· . 
· . .. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
· . .. 
.. 
.. 

· . 
· . 
· . .. 

cu-

.. 
· , 
.. 
.. 
.. 
.. 
· . 
· . 
· . 
.. 
.. 
.. 

.. 
· . 
.. 
, , 

.. 

.. 

.. 

.. 

.. 

.. 

.. I , 

"I .. 

"I .. 

.. "I 

Date, 

I 
24-6-1917 I 
16-7-1917 
:JO-8-1916 
15-7-1916 
27-7-1916 
14-8-1916 
27-7-1917 

18-7-1918 
27-8-1918 
31-8-1917 
10-8-1916 
14-8-1917 
8-8·1917 

9-10-1917 
1-8-1916 

15-7-1916 
11-8-1916 
22-8-1916 

3-9-1916 

3-2-1917 
7-3-1917 

31-5-1916 
15-7·1917 
31-8-1917 

7-8-11l18 
27·3-1918 
12-9-1917 
30-7-1918 
26-9-1918 

3-2-1919 
23-7-1918 
23-8-1918 
17-6-1918 
15-S-U1l8 , - , 197·I.J1t; 
28-8-1918 

Mean 
Velocity . 

3'62 
2'72 
3'73 
3'58 
3'58 
3'66 
3'30 

3'06 
3'22 
2'69 
3'40 
3'53 
3'14 
2'64 
3'30 
2'58 
3'25 
2'75 
2'87 

1'85, 
1'59 
2'08 
2'20 
1'·92 
1'63 
1'47 
2'48 
1'69 
1'65 
1'24 
2'09 
1'73 
2 '.\6 
2'\0 

209 I' 2'29 

Discharge. " N" 

I 
3946 '015 
2568 '016 
5505 '021 
2764 '016 
3601 '015 
3514 '013 
3315 '016 

1750 '019 
1864 '019 
1297 '019 
1853 '019 
1698 '018 
1333 '015 
1066 '016 
1782 '017 
1112 '019 
1420 '017 
1321 '015 
1313 '019 

426 '017 
441 '021 
501 '020 
548 '019 
114 '018 

1\7 '019 
378 '022 
9\J8 '019 
1!J2 '018 
156 '016 
160 '021 
3,15 '020 
225 . '019 
HI '018 
321 '016 
164 019 
186 '018 

2. SILTING O~' CAN,u.S PROBABLE.-l\Ir. Woods' arguments in 
this section depend 011 the accuracy ,of his assumptions in the preced
ing sectioll. As these have been shown to be inaccurate, there is no need . ' 

to discuss tho hypothetical case he is argui!lg. 

It Dlay be noticed however thnt he says "In assUluing that 
Kutter's' N' for their callais will be ~o low as 0'020, the authors of the 
l>roject have been guided probably, I'lutillly by a desire to keep down the 
cost of the canals Oll paper. 'fhey rest this figure on an Inspector General 
01 Irrigation's order, dated January 1907, whid.l, however, was superseded 
by a subsequent order issued iii tlw Pm. jab by the same authority." 



66, 

The order of the, Inspector General of Irrigation (Sir John 
Benton) fixing the value of "N" as 0'020 for the Sukkur Project applied 
solely to Sind, and was based on information he had collected of actual 
conditions in Sind. It was never superseded in the case of Sind by 
any other order. The change of orders for the Punjab canals is quite 
another matter, of which we have no knowledge, but if 0'02 is the suitable 
value for Sind, it is pretty obvious that a higher value is required for the 
Punjab with'its coarser soils and silts. 

As regards the desire of the authors of the Project, to keep down the 
coston paper, we do not know Mr. Woods' methods of preparing a pro
ject, but the methods adopted for the Sukkur Project are clearly explain
ed in Volume V. These were, to design the canal on scientific principles 
first carefully decided on, and to find its cost afterwards by estimating at 
rates, similarly decided on, before the cost of the scheme was known. 
Possibly Mr. Woods reverses these methods. 

3. Loss OF "HEAD" IN ENTRY.-Mr. Woods states that "in the 
summer the river will be Hawing past the canal head, at right angles to 
the direction of the canal, with a mean velocity of 6 or 7 feet per second. 
In oI:der to enter the canal the current will have to swing round through 
a quadrant; it will strike the piers of the canal head obliquely, and the 
disturbance set up will be such that the loss of head hi. entry cannot safely 
be put at less than, say, 0'7 foot." 

The mean velocity of the river over the Barrage Hoor will only be 
6 or 7 feet per second, when Bukkur reads more than 12 feet, and when the 

• , natural level, plus afflux, at the Barrage will be 195'0 or more. Under 
these conditions the difference between Full Supply Level in the Canals 
and the level in the river will be as shown in the table below, from which 
it will be seen that the minimum drop into any canal is O'S' at the Eastern 
Nara Head, and in the other canals varies from 1'0' to 2', 80 that it is 
i=aterial whether the loss of head in entry is 0'3' or 0'7'. 

R. L. of 
Full Difference 

Canal. river at Supply of level. Level of Barrage. Canal. 

Feet. 
Rohri Canal .. . . · . 195'0 193'0 2'0 
Eastern Nara Canals System · , " 

194'2 ' O'S 
Khairpur Canals .. .. · , " 

193'5 1'5 
North Western Perennial Canal · , " 

193'5 1'5 
South Eastern Perennial Canal · , " 

• 193' 5 1'5 
Central Rice Canal .. .. · , " 

194'0 1'0 

At all times when there is no head to spare, the Barrage gates will 
be regulating the level of the river, and the velowty in the approach 
channels can be kept as low as desired" usually about 3 feet per second. 
Under these conditions the loss of head in entry will not exceed 0'3' as' 
designed. 
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~URATION OF EXI!:CUTION OF THE PROJECT.-}Ir. Woods says it AV~~d~~~ 
seems clear that it will take much longer than 12 years to complete all the 
8ukkur Project Canals, whose aggregate head discharges amount to 42,600 
cusecs, when it took 12 years to construct the Lower Chenab Canal, and 
12 years to complete the combined Upper Chenab and Lower Bari Doab 
Canals which have a head discharge of 11,700 cusees. He omits to men-
tion that in the tatter case, the Upper Jhelum Canal, having a head dis-
charge of 8,500 cusecs, was being simultaneously constructed, i.e., the 
whole Triple Canal Project. The following extract from pages 60 and 61, 
Volume V of the Sukkur Project Report, explains the grounds on which 
the estimated expenditure was calculated ;-

" The programme of construction of all works has been limited 
to give a total expenditure not exceeding 171 lakhs per annum, for works 
only, or 209 la1ms including establishment and tools and plant. 

" On the Triple Canals Projects in the Punjab the maximum ex
penditure was 144 lakhs per annum. Considering that all rates are 
now about 33 per cent. higher than they were at the time these projects 
were carried out, the present equivalent expenditure would be about 
192 lakhs per annum. 

" As the Barrage Canals will be spread over a much greater area 
than the Triple Canals, (about 72 lakhs of acres against 40 lakhs of latter), 
and much of our work will be in partly developed country, where food 
and water and other amenities are readily available for imported labour, it 
is assumed that such progress is possible." 

It must be further· noted that it is proposed to use mechanical 
excavators for all the large channels, and probably on many of the smaller 
ones. These machines have completely proved their reliability and 
suitability for such work in Siam and the Sudan, when operated by native 

. labour. Apart from the fact that they compete very definitely in cost 
of excavation, they have th,e very great advantage, that they require 
very little manual labour to serve them, so that one machine will replace 
hundreds of coolies. Similarly stone-cutting and dressing machinery 
will be extensively used at the head-works, and will replace the greater 
proportion of the skilled and unskilled labour required for ordina.ry hand
dressed stone-work, and enable great quantities of stone to be handled 
in far less time than it could be done by the largest practicable collection 
of manual labour. 

On the Triple Canal Project the only mechanical excavators used 
were steam shovels in the Mangla Cut of the Upper Jhelum Canal. The 
conditions at this place were extremely severe-a cutting 1,500' long with 
a maximum depth of 110' through indurated clay and shingle. On 
the Sukkur Project all excavation will be in agricultural soil, and in no 
place exceeds 18' in depth, only a 'short length heing of such depth, On 
the Lower Bad Doab and Upper Chenah Canals, Lubecker Conveyor 
Excavators were tried, but proved to be quite useless and had to be 
scrapped. This is not a suitable type of machine for canal excavation 
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in India. The drag line excavators, since used in Siam and the Sudan, 
have proved thoroughly satisfactory, while they are universally employed 
in the United States of America. It is with the aid of such machinery 
of the very latest pattern, and thoroughly proved capacity, that the 
programme of construction has been worked out for the Sukkur Project. 
AB is shown in the preceding extract, the maximum annual expenditure 
will be only 209 lakhs per annum, or less than 10 per cent. more than the 
maximum annual expenditure actually made in the Punjab. 

. The additional cost of plant, as added by the Government of India, 
though increasing this annual. expenditure, makes no increase in 
the amount of work to be done, or the labour required. The simultaneous 
construction of other great works in other parts of India, will add no 
difficulty in obtaining the necessary machinery, and, on the contrary, 
will simplify the obtaining of spare parts, and expert advice, from the 
makers, since with the opening of all these works it will pay the makers 
to open branches in India. They are already arranging to do So. 
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Gross Revenue Receipts. 

Mr. Woods' remarks, in the first paragraph of thi~ appendix, Appendix F 

are based on the inaccurate assumptions in his previous sections, which 
have already been disapproved. It is true that no deductions from 
Revenue have been made on account of Kharaba remissions, but this is 
not usually done in Project estimates. It was not done in the case 
of the Punjab Triple Canal Project, nor in the Dr. Summers' 1919 
Project for the Rohri Canal, and there are no orders to this effect in 
the Public' Works Department Code instructions for the preparation of 
financial forecasts. As to remissions under Tenancy Rules, no such 
rules exist in Sind, and the assessment is a consolidated one for land and 
water. 

Mr. Woods goes on to work out ingenious calculations to show the 
present average rate of assessment in Sind, and the future average rate 
after the Barrage Project. comes into operation. But why all this 
ingenuity, when aetual present and proposed rates are already clearly 
known? The present average rate of assessment is considerably higher 
than the Rs. 3 per acre calculated by Mr. Woods, but oWing to the 
very heavy remissions, now necessary, on account of the fluctuating and 
uncertain water supply, the gross revenue actually received from crops 
is reduced to this low figure. With the new canals, having a guaran
teed supply, there should be no remission on account of deficiency, or 
el(cess, of water. 

Mr. Woods says it will not be practicable to inerease the rate of 
asses.~ment. on the existing irrigation so suddenly. 

Why not? If the water supply is suddenly improved and guaran
teed, surely the cultivator can afford to pay the increased value of 
this supply as soon as his improved crops have been reaped. 

In any case these new proposed rates of assessinent, and increased 
areas of crops, have not been decided by the engineers designing the 
scheme, and preparing the financial forecast, but are the proposals 
of expert Revenue officers with long experience of Sind and of its crops 
and people. 

Mr. Woods goes on to state the average wat~r surface levels of the 
Indus at Sukkur, and attempts to show that the new canals will give 
lower levels than these present averages, and therefore that they 
confer no benefits on the existing rico lands. 

Now to start with, the principal Rice Canals in the Barrage Zone 
are the Glmr, and the Western Nara, on the Right Bank, and the Thar 
and l\1ithrao ex. the East.ern Nara, on the Left Bank. The two canals on 
the Right Bank tlike off the river 60 miles below Bukkur, and the average 
river levels he gives for Bnkkur do nOt therefore apply to them. But these 
levels do apply to the Eastern Nara System, and MI;. Woods says the 
Barrage will affect no inlprovement in this. Yet we know that in spite 
of these a.verage levels, .relied on by Mr. Woods, the Eastern Nara System 
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suffers badly in almost every alternate year. This canal actually gets 
full supply when Bukkur reads about 12 ft., or with water level at 
Bukkur 196'5. By means of the Barrage and the new head to the 
System, we are able to give a corresponding level all through the year. 
It will be seen from Mr. Woods' own figures, that in June the average 
level is 2 ft. below that required, in July 1 foot, in August is 1 foot 
higher than required (and this excess level is useless, and is shut out 
of the canal), and in September is 2'1 feet lower than required. 
These average levels would not serve to give a good supply, even if they 
were constant throughout the months, and were not averages. Any 
excess above the average will be useful in the months June, July and 
September, but the average is made up of excesses and deficiencies, and . 
these deficiencies will most adversely affect the canal and its 
cultivation. What is needed for a canal is not a good average river 
level, however high, but a constant level at sufficient height to give full 
supply to the canal. This is what the Barrage will ensure, with the 
resulting certainty of irrigation. 

Mr. Woods says that if the rice crop can afford to pay the proposed 
rates, it can afford to do so now, whether the Barrage be built or not. 
But the present rates of assessment take into account the present uncertain 
and fluctuating water supply, and the consequent poverty of the crops. 
The proposed rates similarly take into account the future certainty and 
regularity of supply and the consequent good crops to be relied on. 

Mr. Woods says the amount of the increased assessment caunot 
fairly be credited to the Barrage Project, as an asset that can be created 
ouly by means of the Barrage. But constancy of level, and regularity 
of supply, even in June to September are assets that can only be created 
by the Barrage; and hence the increased assessments, are properly 
credited to the Barrage Project. 
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Working Expenses. 

Mr. Woods quotes the figures of working expenses of various 
Plmjab Canals to show that the estimate in the Sukkur Project, viz. 
Rs. 1·25 per acre irrigated is insufficient. Actually three of the canals 
he quotes give a lower rate for working expenses than that estimated for 
in the Sukkur Project. Mr. Woods gives no reasons for disregarding 
these figures of actual cost per acre irrigated, but adopts instead a 
method of his own, which better suits his purpose, and which is illogical, 
and has never previously been adopted by Government. He estimates 
his rate on the basis of capacity of canal at head, irrespective of the 
length. of the canal, the cost of its head works and cross drainage works, 
the intensity of irrigation supplied by it, and the length of its 
distribu tiug system. 

It is obvious that all these points must be· taken into considera
tion in estimating the cost of maintenance. Now examining the figures 
given by Mr. Woods in his table on page 729, the first canal shown is 
the Western Jumna. This is not a suitable canal with which to compare 
the working expenses of a modern perennial system, as is shown by the 
following extract from Mr. Woods own report on it, taken from his 
report on the ThaI Proj ect. 

"THE SIRSA BRANCH CANAL.-The alignment of the Sirsa Branch 
of the Western J umna Canal is a case in point, illustrative of this 
tendency. Mr. Higham, in his note on the Completion Report of the 
Sirsa Branch, wrote as follows :--

"The first scheme for a Branch of the Western Jumna canal 
to Sirsa was prepared in 1870 by Mr. J. C. Hammer: The 
idea of this extension was abandoned for the time, until 
the more important and urgent work of remodelling the 
Western Jumna Canal had been completed. In 1884 the 
matter was revived, and orders were issued for the necessary 
detailed surveys and estimates which were submitted by 
Colonel Palmer in 1887. This estimate was sanctioned by 
tPe Secretary. of State in 1888. The project alignment 
closely followed that proposed by lVIr. Hammer in 1870, and 
has been itself very closely followed in execution. It may, 
indeed. be noted with satisfaction, that on all points, align
ment, capacity, area commanded, date'of completion and 
capital cost, there has been a close agreement between the 
final results and the proposals of the sanctioned estimates." 

" It is easy for us to see now, on inspection of contoured maps, 
that the alignment of the Sirsa Branch is for the greater part very faulty. 
Its offtake from the Western JUlUna Canal should have been located at 
least 10 miles further upstream than the site at which it was off taken in 
practice; and its alignment, along ''the most marked water-shed of the 
country, should have crossed the present alignment in order to connect 
with the lower half of the Hansi Branch; the Upper part of the latter 
being scrapped. 

Appendix G. 
Page 729. 
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" The close agreement of the design and cost of the completed canal 
with the corresponding provisions in the project forecast was only 
achieved by a mechanical adherence to a faulty and ill-digested design, 
based on hasty reconnaissance surveys carried out 17 years earlier, 
and a temporary administrative satisfaction was secured, at a cost of a 
real fiasco of engineering science. 

"The Sirsa Branch Project of 1887 should have involved the 
scrapping of the 30 mile reach of the Western Jumna Canal upstream 
of Indri, as well as of the Hansi Branch, both of which defective canals 
were legacies of the Dark Ages of Mughal rule in India; and the engineers 
of 1887 might have realized this if they have not been tempted to follow 
the 1870 Project as a matter of immediate convenience." 

Next, the Sirhind Canal is crossed by extremely heavy floods, and 
has many very large cross drainage works. It irrigates a very low pro
portion of its commanded area, only 30 per cent., so that the distribution 
of water must be extremely expensive and uneconomical, ow~ to the 
length of channels required. It is fed by a large weir at Rupar, with 
expensive training works, the whole cost of which has to be borne by 
this one canal. 

The Upper Bari Doab Canal is one of the older perennial canals. 
It is supplied by a weir at Madhopur on the Ravi, the whole cost of which 
has to be borne by this comparatively small canal, and much money has 
been spent in remodelling its regulator. As will be seen however the cost 
of maintenance is only Rs.l· 24 per acre assessed (or less per acre irrigated) 
and is slightly less than the Sukkur Project Estimate of 1'25 per acre. 

The Lower Chenab Canal is a fairly modern system, but has to· 
bear the whole cost of the weir and river training works at Khanki. 
These works are extremely expensive to maintain, and the weir and canal 
regulator have twice been remodelled. Nevertheless the cost of main
tenance of the whole canal and headworks comes to only Rs. 1'0 per acre 
of asaessed cultivation (and less per acre irrigated). 

The Lower Jhelum is another fairly modern system but has to 
bear the whole cost of the weir and river training works at Rasul for 
a small canal of only 4,000 cuseos oapaoity. The cost of maintenance is 
Rs. l' 2 per acre assessed (and less per acre irrigated). 

These last three canals give some comparison with the conditions 
for the Sukkur Canals, though the latter will be designed on more modern 
lines, and will each bear only a share of the cost of ·one Barrage, with very 
little training works, while cross drainage VI orks are light, and intensity 
of irrigation high, leading to economy in length of channels. 

The Upper Chenah and Lower Bad Doab Canals are the mObi; 
modern works in the Punjab and are in some ways comparable to the 
Sukkur Canals. But these canals require each a separate weir, one at 
Marala and the other a Barrage at Balloki. The comparatively high 
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cost of maintenance per acre asses..<ed is probably due to the undeveloped 
state of the irrigation on them, and should improve when cultivation 
extends. This would apFear to indicate th at in the Sukkur Project a 
higher rate for maintenance should have been taken during the years in 
which cultivation was extending. But the margin of profit and pro· 
ductivity is so wide, that it can easily bear an increase of 50 per cent. or 
more, without affecting the final results of the whole scheme. 

Mr. Woods' method of estimating the cost of working expenses 
bears no relation to the actual facts of the pr'JPosed canals and cannot 
be checked in any way. Finally he says that "the ·Eastern Nara' 
Channel with 135 miles length of Supply Channel in tIle conditions of 
a natural river will require enormous expenditure on maintenance and 
improvements, a~ part of a perennial canal system." This is not so. Apart 
from the maintenance of the new banks to be made along it, there 
will be practically no maintenance necessary. It has served as a 
perennial channel for the past 60 years, under much more difficult condi
tions than it will have after the Barrage construction, and nothing has 
been spent on it except in clearing the head reach which becomes silted, 
owing to the lack of a Barrage to provide means of scouring the river 
silt from its head. When this is provided as proposed, and the water 
level kept completely under cc.ntrol, the natural channel will give no 
trouble and need practically no maintenance. 

Finally it may be pointed out that in Mr. Woods' own recent 
Project, for the Thai Canal, he has provided for working expenses at 
Rs. 1 . 5 per acre. This canal is provided with a weir for its sole benefit, 
will have to be protected from attacks of the river in the first nine miles 
of its length, flows through a country of blowing and drifting sand, 
from which it will be difficult to keep the channels free, and the channels 
must· be lengthy and extravagant since they are to irrigate ouly 37 per 
cent. oj. the gross area, in which the culturable area lies in scattered 
patches. 
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Replies to the Discussion and Correspondence on 
Mr. Woods' papers. 

. Page 730. THE CHAIRMAN (LORD LAMINGTON)-The only point calling for 

Page 730. 

mention is the concluding sentence. 

Lord Lamington said it was impossible for him to understand 
why one of the biggest engineering projects (The Sukkur Barrage) ever 

. placed before the world should be begun before the far less costly 
project (The Rohri Canal). 

It is not proposed to build the Barrage before the Rohri Canal. 
This is the wrong impression which' Dr. Summers has sedulously 
fostered, 

Both works are to be commenced simultaneously, and as soon 
as the Barrage is completed, a large portion of the Rohri Canal (and of 
all the other canals) will be ready to make use of it, to improve and 
extend the present irrigation. It would be useless to have all canals 
completed by the time the Barrage was ready, as the people and the 
land would not be ready to fully utilize it. l'he progressive comple
tion of the canals, after the completion of their first sections, (simultane
ously with the Barrage completion) will give time t.o proceed with the 
disposal of new lands, and for the people to become accustomed to the 
improved water supply, and to improve their methods to suit it. 

LORD SYDENHAM.-It would appear that Lord Sydenham has 
seen only the opponents' version of the project, and has no means of 
checking their statements. These are admittedly damaging, but are in 
many cases untrue, and in others are misrepresentations of the facts. 
When his Lordship has seen the answers to their criticisms, he will be in 
a better position to express an opinion, and will probably modify his 
present dislike to the Project. 

SIR LIONEL JACOB-Admits that his opinions are based "on 
information given by Dr. Summers" and on the further statements made 
by Mr. Woods in his lecture. It is to be regretted that Sir Lionel did 
not have an opportunity of studying the actual proposals of the Project 
himself, and that he has been unable to discuss it with anyone knowing, 
and able to explain it, from the point of view of the designers. It can 
hardly be doubted that so distinguished an engineer will be glad to study 
the question from both sides, as he will now be able to do. 

As all his remarks are based on their statements, which have now 
been answered in this note, there is no need to deal further with them. 

MR. SIDNEY PRE8ToN.-There is nothing to comment on in these 
remarks, except that Mr. Preston very wisely ad~itted that he was not 
in a position to comment on a seheme which he had not seen. It is to be 
regretted that other eminent engineers, with reputations to lose, were 
not equally honest and careful. 
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He drew attention to the fact that there was no one present at the 
meeting to explain the case in "favour of the Project. 

DR. T. SUMMERs-It is hoped that" the examination" (of the 
Project) " in the hard light of facts", which has heen attempted in this 
note, and in that answering Dr. Summers' own paper, will satisfy his 
desires as expressed. 

It is perhaps worth recording that we have the best of reasons, for 
believing that Sir Sydney Crookshank was not responsible for the 
article in t.he "Pioneer," which Dr. Summers attributes to him, and 
which was headed "From our own Correspondent." 

COLONEL . SIR C. YATE, BT.-Stated that Mr. Woods "had 
worked on the Indus and its tributaries for the best part of his life." 
This is correct, but requires to be amplified by add;ng that all this 
experience was in the Punjab. Mr. Woods has had no experienCe 
whatever of the Indus, or of the local conditions, in Sind, with which 
the Project he criticises is concerned. 

MAJOR GENERAL BERESFORD LOVETT-Stated that the 
vagaries of the Indus existed wherever the banks were not solid rock. 
This is not strictly correct. If the records and surveys of the river 
in Sind are studied, it will be found that there are two places where the 
banks never alter. One is the stretch of 3 miles below the rocky gorges 
at Sukkur down to the proposed Barrage site. In the last two miles 
of this reach the banks are of clay. 

The other place is at Kotri where the hills approach both sides, 
but the actual banks are of hard clay. The great railway bridge at 
Kotri, completed in 1900, has no training works whatever. 

. MR. WooDs-Said he would welcome any authorita~ive attempt 
to meet his criticisms. 

It is hoped the attempt made to do so in this note will satisfy 
him. 

SIR JAMES WILSON-Admits that he has not seen the project, 
and is basing his remarks on the information given by Dr. Summers 
and Mr. Woods. He then goes on to say that, in his tilne, there was a 
tendency to consider irrigation schemes piecemeal; and it may be pointed 
out that this is exactly the process adopted by Dr. Summers and Mr. 
Woods in their alternatives to the Sukkur Project. 

He further suggests that a very large contoured map should be 
made, including not only the whole Punjab, but the whole Indus Valley 
down to the sea, and a great part of Rajputana ; and that the limits of 
command, from the Indus and it)! tributaries, be marked on this map, 
irrespectiv~ of Provincial and State Boundaries. And that it should be 
considered what an engineer could best do with the water available, 
if he had a clean slate to work upon. The culturable commanded areas 
in the Punjab, Sind. and Bahawalpur are already known, and marked 
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on maps; and projects have been, or are being, formulated to make -the 
best possible use of the water available on these areas. With the 
exception of a few hundred thousand acres in the north of Bikanir, 
none of the rest of Rajputana can be commanded by any possible canal 
from the Indus or its distributaries. This was pointed out in reply 
to a similar suggestion made by Sir J. Wilson in May 1901. In forwarding 
the Project Estimate of the Triple Canal Project to the Government 
of India in AUgust 1904 Sir John Benton wrote-

" However it .may be observed that the untold millions of acres 
of irrigable desert land are purely imaginary, being uncommanded, 
except for a narrow ,belt of ground, in foreign territory, lying alongside 
the Bahawalpur inundation canal tract, a great part of which is covered 
with sandhills." 

This part of Bahawalpur will be irrigated by the Sutlej Valley 
Project, as will also be a part of the commanded area ;n Bikanir. The 
balance of the co=andable area in Bikanir will be irrigated by the 
Bakhra Dam Project, if this project ever eventuates. Sir J. Wilson 
appears to deprecate the encouraging of large numbers of people to 
migrate from their homes and settle in new villages. 

It may be pointed out that colonization forms no part of the 
development of the Sukkur Barrage Project. We thoroughly agree with 
Sir J. Wilson's remarks with regard to water rates, and the desirability 
of increasing them. These remarks are diametrically opposed to the 
views expressed by Mr. Woods in his criticisIlll! of the Sukkur Barrage 
Project. 

Sir J. Wilson speaks of the great undergi:oundflow of seepage 
water, from the Punjab irrigated tracts, into the Indus at Sukkur. It 
is not clear how this flow (if it exists) can get to the Indus at Sukkur. 
To do so, it must first cross all the five tributaries of the Indus, which 
each forms the drainage lines of their surrounding country in the cold 
season. The Sutlej Scheme includes a Barrage on the Punjnad, i.e., 
below the confluence of the five rivers, and this Barrage is designed to 
pick up all the seepage water of the five rivers. The only river which will 
be free to bring down to Sind any collection of seepage water is the 
Indus. The only irrigated tracts whose seepage is free to flow to the 
Indus in Sind are those to the south of the Sutlej. Any seepage from 
these has to pass under the Rajputana desert, and might possibly 
meet the Indus above Rom, where the river, being deltaic, and its bed 
above the level of the sub-soil water table, it is I)vident that seepage 
cannot flow into it. 

But Mr. Woods, in his report on the ThaI Project, says that the 
levels of the surface of the sub-soil water tabie under the ThaI are generally 
lower than the bed level of the Indus at points on the same parallel of 
latitude. It is therefore obvious that there can be no seepage into the 
lodus above its junction with the five rivers. Below this point there 
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is also no seepage into the Indus, even under present conditions. This 
is evident from discharge observations which have been taken during the 
cold weather for the last 8 years at Mithankot (just below the junction) 
and at Sukkur. These observations show that the discharge at Sukkur, 
in the cold weather, is never greater than that at Mithankot, and is 
generally less, as shown in the table below :-

Month and Year. 

1915 February 
March 
November 
December 

1916 January 
February 
March 
April 
November 
December 

1917 January 
February 
March 
April 
November 
December 

1918 January 
February 
March 
April 
November 
December 

1919 January 
February 
March 
April 
November 
December 

1920 January 
February 
March 
April 
November 
December 

1921 January . 
February 
March 
April 

· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . 
· . .. 
· . 
· . 
· . 
· . 
· . 
· . .. 
· . 
· . 
· . 
· . 
· . .. 
· . 

Mithankot. 

-

Average 
monthlY' 

Discharge 
Cusecs. 

64,678 
80,290 
76,733 
52,548 
48,870 
48,759 
42,742 
57,567 
51,100 
39,226 
31,419 
27,786 
22,806 
29,967 

Not fe 
57,000 
47,000 
37,000 
64,000 

1,47,000 
Not re 

39,000 
35,000 
57,000 
80,000 

1,40,000 
Not re 

D 
45,000 
40,000 
52,000 
75,000 

Not re 
35,000 
32,000 
30,000 

" 35,000 
74,000 

Snkknr. 

Average 
monthly 

Discharge 
Cusecs. 

59,571 
67,194 
56,333 
36,677 
28,710 
28,310 
27,000 
41,700 
51,000 
37,161 
27,097 
25,429 
19,871 
22,733 

corded. 
50,000 
42,000 
35,000 
60,000 

1,43,000 
corded. 

28,000 
25,000 
29,000 
30,000 
76,000 

corded . 
o. 

36,000 
35,000 
44,000 
56,000 

corded. 
33,000 
32,000 
29,000 
26,000 
48,000 

I 

I 
, 

1 

~--

Difference. 

Loss between 
Mithankot 

and 
Snkknr. 

. 

5,107 
13,096 
20,400 
14,871 
20,160 
20,449 
15,742 
15,867 
Nil. 
2,065 
4,322 
2,357 
2,935 
7,234 

7,000 
5,000 
2,000 
4,000 
4,000 

11,000 
10,000 
28,000 
50,000 
64,000 

9,000 
5,000 
8,000 

19,000 

2,000 
Nil. 

1,000 
9,000 

26,000 
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In 1911 a Com mittee, including, amongst others, Sir John Benton 
and Dr. Summers, con8idered the question of a possible avulsion of the 
river to the WC3t, in connection with the then-proposal to construct a 

. Barrage above the Sukkur gorges. It was unanimously agreed that, while 
an avulsion to the west had always been a possible occurrence, 
in the portions of the river from 0 to 5 miles, and from 12 to 18 miles, 
north of Sukkur, if certain precautions in the matter of training works, in 
connection with the then-proposed Barrage at the upper site, were taken, 
the river could not desert the gorge and make a detour to the west. 

It has been shown, in the reply to Mr. Woods' lecture, that the 
construction of the Barrage below the gorges will make no alteration in 
present conditions; and therefore the danger of an avulsion is not in
creased, and is no greater than it has always been in the past. The main 
tenance of the river in its present channel will depend in the future, as 
it has in the past, on the efficient upkeep of the river embankment to the 
north of Sukkur. 
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Reply to Sir John Benton's letter to the 
Secretary of State. 

Sir John Benton, like many other critics, is basing his opinion on 
the presentation of the case by its opponents only. 

He says "I have read both addresses (i.e., Dr. Summers' and Mr. 
Woods') very carefully r and, as far as the supplied data go, I am of opinion 
that the above conclusions are substl1ntially correct." 

All his remarks in the first 5 paragraphs of his letter are concerned 
with their statements, \Yhich have already been answered, and need no 
further comment. 

With reference to the new site proposed for the Barrage, Sir John Paragraph B. 

Benton says that "the London Committee never approved, accepted, or 
recommended any such site, and they must be entirely exonerated from 
all responsibility for the faulty Project of 1920." No one responsible 
for the Project has ever suggested that the London Committee were re
sponsible for the selection of the new site of the weir. Dr. Summers is 
entirely responsible for such a statement. 

The reasons for the preparation of the new Project, and for the· 
selection of the new Barrage site, are clearly stated on pages 12 to 15 and 
17 to 19 of Vohmle I of the Project Report. 

Sir John says that if the barrage were located at thc original site Paragraph 7' 

above the gorges, the dangerous Western low bank from 3 . 5 to 7' 5 miles 
(above the new barrage site) would be fully safeguarded by the Western 
stone guide bank, built in connection with the Barrage; while with the, 
new site for the Barrage, this stone guide bank will be omitted,and heavy 
expenditure will be required, for which no provision has been made in the 
estimate. 

In the first place it may be pointed out that in the 1910 design for ~~}ag. 62, 

a Barrage above the gorge, the length of the "estern stone guide bank was v~~t;V\f 

ouly 4,000 feet (and of the Eastern guide bank only 3,000') which brings 1910 Pwi •• ~. 

its upstream end to a point only 3! miles above the present site for the 
Barrage. It is difficult to understand therefore how it could safeguard the 
low western bank of the river from 3'5 to 7'5 miles (above the new site). 

But in any case these guide banks were not provided as a safe
guard to the river banks, but were necessary, and intended for ensuring, 
that the river should approach the Barrage normally, and to prevent it 
approaching the Barrage openings obliquely, from one side or the other, 
as the natural stream usually does at present. 

These guide banks would not have protected the low western 
bank of the river, from miles 3' 5 to 7' 5, against erosion. Had such 
protection been considered necess\lry it would have had to be provided, 
as au extra to the 1910 Project, aud could be similarly provided as an extra 
to the 1920 Project, if required. But even with the afflux which it was 
admitted wO,uId be created in great floods by the 1910 Barrage above the 
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gorges, it was not considered necessary to provide such protection in the 
1910 Project. 

It appears that on the 21st-23rd February 1911, a Conference was 
held in Karachi, attended by Sir John Benton, Dr. Summers, Messrs. 
A. Hill, W. L. Strange, G. McHarrison and Beale, at which the ques
tionof an avulsion was discussed; and it was decided that a stone arm~ured 
training work about 4 miles in length, upstream, in continuation of the 
right hand guide bank, should be constructed, in order effectually to 
obviate the river ever forming loops, nearly down to the Sukkur Canal; 
but no estimate appears to have been prepared and it was certainly 
not included in the 1910 Project which was submitted to the Government 
of India on 5th December 1910. 

With the 1920 Barrage there will be no measurable affiux 
above the gorges in high floods, and no interference with, or obstruction 
to, the gorges : in fact the 1920 Barrage will in no way alter the eJristing 
conditions in the high flood season, so that, as no protection is now con
sidered necessary for the low Western oank of the Indus, except the 
ordinary river embankments, nothing further is required with the 1920' 
Barrage. 

No artificial guide banks are required to lead the water directly 
on to the present site of the Barrage, as the permanent river channel 
above it, whose clay banks are to be protected with stone, serve this 
purpose completely. 

The new site therefore has this great advantage (beside many others) 
over the original site above the gorges. 

Paragraph 7. Sir John Benton says" the canal off-takes will be fed with turbid 
water, projected down at great velocity from the gorge, and it will be 
fotmd impossible to keep them clear of heavy silt deposits." Now after 
leaving the gorges, the river water, which is therll undoubtedly churned 
up, and heavily charged with silt, even in the upper films, has to travel a 
full 2 miles in a steadily widening and regular natural channel, until it 
reaches. the Barrage .. During this two miles travel the velocity is steadily 
reduced, until, at the Barrage site, it has fallen to its normal velocity, or 
slightly less, and forms a natural bar at the Barrage site; after which ~t 
usually divides into two or more channels, which meander along from 
side to side, within the natural high bank limits. 

Before the water reaches the Outfall section (6,100 feet above the 
Barrage site and about 1 mile below the gorges) it has lost nearly all sign 
of the turbulence with which it leaves the gorges, and has settled down to 
a fairly steady, though rapid, stream-line flow; and the heavier silts, 
thrown into th!l upper films by the disturbance in the gorges, has begun 
to settle again to the lower films, or to roll along the ped. By the time 
the water reaches the Barrage site, normal conditions of steady flow have 
been practically restored, and all heavier silts have settled down to the 
lowest films of the stream. The conditions of the channel at, and for 



81 

II mile and a half above, the Barrage site are more favourable to steady 
flow, than in most lengths of the river throughout Sind, owing to the 
regular section, and almost straight reach of the natural banks in this 
stretch of the river, and to the entire absence of scour in the banks. 

The conditions here are far more favourable in this respect than 
they are immediately above the gorges, where the river swings in sharp 
curves, and is constantly eroding its banks on one side or the other; 
causing whirls and eddies, and interfering with steady flow, and with 
the settIeD).ent of the heavier silts to the lower layers of the stream. 

The quantity of water approaching the Barrage is the same as 
that approaching the gorges, and contains the same quantity of silt in 
suspension. If therefore the conditions of the stream at, and above, the 
new Barrage site are more favourable to steady flow than they are 
above the gorges, there is no reason why the silt contents of the supper 
films should not be even less at the Barrage site than above the gorges. 
Even at the Outfall section, which is less than half way from the gorges 
io the Barrage site, the silt contents of the river are found by actual 
measurement to be very little dUIerent to those of the water above the 
gorges, and in a good many cases the silt content is actually less at the 
Outfall, as the following table shows. 

Unfortunately, hitherto, no silt observations have been taken 
at the new Barrage site, but it is certain the silt contents must be less 
here than at the Outfall. 

Thus the conditions assumed by Sir John Benton in this para- Paragraph 8. 

graph do not 'actually exist. There is no question of locating the canal 
heads within a couple of miles of the site of active erosion. On the con-
trary, there will never be any erosion whatever for at least three miles 
above the canal heads-a most unusually favourable position for a canal 
bead in Sind, • 
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No erosion occurs now, under natural conditions, in this three 
miles, and to ensure that it never shall, the natural permanent banks 
are to be pitched with stone throughout. Sir John Benton speaks of the 
high velocities which obtain at the new site. The velocity of the river 
at the Barrage site is lower than the normal velocity, in the main stream 
of the river, in most stretches between Sukkur and Kotri, and is much 
lower than that at Kotri. 

Secondly Sir John Benton may be correct in stating that, the pre
vention of silting in the Sirhind Canal was effected by the construction 
of training works, to prevent the erosion of the river banks 4 miles above 
the canal head. But it is generally understood, that what finally effected 
the cure of this silting, was the remodelling of the Head Regulator and 
Head-works of the canal, and the provision of a high raised sill. 

Paragraph 9. Sir John Benton says, because the raising of canal levels by 2! 
feet, was just as feasible at the upper site, as at the new lower site for 
the Barrage, that therefore the demonstration of the economy of the 
new site completely fails. 

But this demonstration of economy did not depend only on the 
raising of canal levels as assumed by Sir John Benton. The alteration 
of the site produces the following economies:-

(a) The construction of the Barrage itself is cheaper at the 
lower site than at the upper site, at similar rates for 
work. 

(b) The Rohri Canal, and all Right Bank Canals, are three 
miles shorter from the lower site, without -any loss of 
command. 

(c) The three miles of Canals saved, omits entirely the enor
mously expensive Supply Channel for the Rohri Canal, 
which would have had to be cut through solid rock. The 
estim.ated cost of this channel in 1910, excluding head re
gulator, was Rs. 47,04,000 or, at present rates, allowing 
30 per cent. increase, would be Rs. 61,00,000. 

(d) The new site also avoids the very expensive and trouble
some widening of the existing Eastern Nara Supply Channel 
in its first 4 miles, where the bed and lower portions of the 
cutting are in rock, and would have necessitated closing 
the canal for one or more cold weather seasons, thus los
ing all rabi crops on the l'>~ithrao, Jamrao, etc. The cost 
of the extra length of the new head to the Supply Channel 
is far more than covered by this avoidance of all rock cut
ting and loss of crops: the widening of the remainIng 8 miles 
of the existing supply charUlel (which is common to both 

• 
sites for the same conditions of supply) ran be done by 
dredger, without closing the canal, as it is all in soil below 
this point. 
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(e) Tho portions of the Right Bank Canals omitted by the new 
site of Barrage would all have been in deep cutting, through 
very expensive land along the outskirts of the town of 
Sukkur. They would have required many expensive 
bridges over them, unless they were to restrict communica
tions, and the growt,h of the town: and any tendency to 
percL)lation from the canals would have been detrimental 
to the drainage and hcalth of the town. 

The above savings are due solely to the cha,nge of site of the Barrage, 
and amount in the aggregate to a very large sum of money, and are 
independent of the raising of the full supply levels of the canals. This 
raising of the full supply level accounts for a further great saving, bU'G 
this latter saving could equally be made in connection with a Barrage at 
the upper site, as stated by Sir John Benton. It was not proposed in 
1910 Project, because the Rohri Canal 'did not need it, and it was not 
realized at the time by those designing the Barrage, what a large saving 
could be effected by it. 

Sir John Benton says the raising of the Full Supply Level of the 
Canals, by 2! feet at the Barrage, will cause an extra h.eight of from 4 
to 5 feet in the water level of the River, at the point where an avulsion 
is likely to occur, 

The point referred to is between miles 3' 5 to 7' 5 above the 
Barrage site. 

It has been shown in the note replying to Mr. Woods' lecture, that 
it will not be necessary to regulate the river level after it reaches 194·.l) 
at the Barrage naJurally, i.e., when Bukkur reads 12 feet, so that the 
Barrage will affect no change in natural river levels for any level above 
12 feet on Buldcur gauge. As the natural river rises as high as 17' 9 feet 
on Bilkkur, the Barrage does not increase any possible existing danger 
to the low river banks between miles 3' 5 to 7' 5 above its site. 

At the times when the Barrage willl'aise the natural level of the 
river, tIllS natural level will always be lower than 12' on Bukkurj and the 
level to which the Barrage will rltise the water at any point above the 
gorge, will always be less than that given by a natural river with 12' on 
Bukkur, so that it imposes no dangerous conditions on the low banks. 

It cannot be understood how Sir John Bent.on estimates that 
raising the river level to R. L. 194'5 at, the Barrage, (i.e.,equivalentt.o 
12 feet at Buld(ur), will cause an extra height of 4 to 5 feet, in t.he water 
level at a point 3' 5 to 7 miles upst.ream, and t.hus add any danger to the 
low banks there. The raising of t.he water level at Barrage, to 194' 5, 
could only r~ise t.he water level at this dangerous spot by 4 to 5 feet, at 
such times as t.he natural river was very low, about 3' 5 feet, or lower, on 
Bukkur, and there can be no question of it being dangerous to raise the 
level by 5 foot at sueh a stage, since the natural river is often 14 feet 
higher. 

The remainder of Sir John Bentoll's letter needs no comment. 

Paragraph 
10. 



SIR, 

840 

Dr. Summers' Articles in the" Pioneer" of 
6th and 7th January 1922. 

ROHRIMEDE, COLINTON, EDINBURGH, 

14th DecemlJer 1921. 

THE SUKKUR BARRAGE PROJECT. 

I hope that you will, from a sense of fairness, and of the public 
interest in the subject; afford me space in your columns to reply to certain 
articles which appeared in the" Pioneer Mail" of 19th August and 16th 
September last, supporting the views of the advocates of the Sukkur 
Barrage Project of 1920. These articles were obviously supplied to the 
, Pioneer' by Sir Sydney Crookshank, K.C.M.G., Secretary to the 
Government of India in the Public Works Department; but, since Sir 
Sydney is not an Irrigation Engineer, it is evident further that he has 
been merely the mouthpiece of propaganda in favour of the 1920 
Barrage Project engineered by Mr. Gebbie, now Inspector-General of 
Irrigation in India, and formerly Chief Engineer for Irrigation, Bombay. 
I trust that your courtesy will now permit me to reply to the offensive 
personalities as well as to the gross inaccuracies and misrepresentations 
contained in the articles. I may add here that this reply has been delayed 
by my illness, an illness from which I have not yet fully recovered. 

2. In articles appearing in the "Pioneer Mail" of the 19th 
Angust 1921, it was argued that experts in England onght to be discour
aged from' sitting upon' schemes" carefully framed by experts on the 
spot" (i.e., India) ; that Home experts" are too often retired officers, 
who not only have lost touch with modern conditions in India but too 
often bring to bear on their enquiries cranks and prejudices which 
perhaps they were unable to air successfully in India itself." 

It was further contended by the Simla - propagandists, that 
criticisms of the Sukkur Barrage Project were inspired by the" natural 
desire of the retired official to breathe once more the eastern atmos-
phere in the leisurely chambers of the India Office ........ accompanied 
with prejudicious relaxation in the neighbouring club or theatre." 

I need not comment on the irrelevance and personal offensiveness 
of remarks such as these, exhibiting, as they do, on the part of the Simla 
officials who inspired them, a degree of personal rancour and official 
impropriety, which ought to shake the confidence of the Government 
of India, and of the Indian public, in the impartiality of their official 
judgment. 

3. In the" Pioneer Mail" of the 16th September 1921, there 
appeared an elaborate and lengthy defence of. the Sukkur Barrage 
Project of 1920. This composition bristles with inaccuracies and 
misrepresentations which I propose, with your kind permis,sion, to deal 
with seriatim; but before doing so I have a few comments to make on a 
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leading article entitled: " A Mare's Nest at Su)ili:ur," which appeared in 
the same issue of the" Pioneer Mail." In this article the Sukkur Barrage 
Project of 1920 was described misleadingly as a " canal scheme which 
has had the warm approval of the three Inspectors-General of Irrigation." 
The fact is that this Project was prepared by the Chief Engineer, 
Bombay, in collaboration with Mr. (now Sir) Thomas Ward, Inspector
General of Irrigation. After the project had been approved of by the 
Governments of Bombay and India, respectively, on the advice of 
these officers, Sir Thomas Ward retired from the service and Mr. 
Gebbie was appointed Inspector-General. In this way the project was 
safeguarded from adverse criticism by any Punjab Engineer who might 
have succeeded Sir T. Ward, and Mr. Gebbie was able to claim two 
Inspectors-General for the project; but who is the third referred to ? 
Neither Sir John Benton nor Sir Michael Nethersole can be claimed 
as approvers of the Gebbie-Ward 1920 Project, but it is sufficient to cite 
the fact that the date of its preparation, 1919-20, shows that no expert 
advisers of the Government of India except Sir T. Ward and Mr. 
Gebbie have been given a chance of examining it professionally. 

4. Turning now to the defence of this project, which appeared in 
the "Pioneer Mail" of 16th September it will be convenient, if I re
produce below, in italics, the various arguments, or assertions, one by 
one, together with my rejoinders thereto in ordinary print. It may be 
convenient for reference to distinguish these extracts by capital letters. 

A. 

" Sind, at present depends for its irrigation upon Canals from 
the Indus, the supply of which canals fluctuates daily with 
the rise ann, fall of the water level in the river, there being no 
means of regulating tll-is le'vel artificially ds is done in tIle 
ease of all the other great oo'nals of India." 

Sir Sydney Crookshank appears to be unaware that the mbi 
water supply of the great Punjab Triple Canal Project is obtained princi
pally from the river Jhelum at ltlangla, without the help of a weir or 
barrage across the River. The Upper Jhelwn Canal, the main winter 
source of water supply of the Triple Canal Projects, is an inundation 
canal, in as far as it has no barrage, but it is also a perennial canal, and 
the conditions existing at Sukkur on the River Indus are more favourable 

• 
than those at Mangla, on the River Jhelwn, for the construct,ion of a 
sucessful Left Bank Canal of this type. 

B. 

"The objeet of the Barrage Project is to afford tIle country 
irrigated an assurtd supply throughout tl,e whole year. 

" Tliis is to be accomplished by constructing a barrage aeross 
tl,e Indus below SUJ"kur, '1.dlere tlie rive/' passes tl"O'I.Ig1, a 
deep gorge." 
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5. This object can be assured, as far as the tract to be irrigated 
by the Rohri Canal is concerned, without going to the enormous 
expense of building the barrage before it is required for the other canals 
which it is to serve.. The Rohri Canal as stated in Appendix A of the 
1920 Project Reports" is the greatest irrigational want of the Province 
at present; it is the almost universal opinion that this canal should be started 
first." 

Out of the three Inspectors-General of Irrigation who have dealt 
with the Sukkur Barrage Projects since 1906 Sir Thomas Ward (1916-20) 
is the only one who has advocated the building of the Barrage first, and 
its completion several years before the completion of any of the canal 
systems which it is to serve. Sir Michael Nethersole (1912-16) was 
decidedly against this procedure and even admitted the possibility of· 
completing the Rohri Canal before the weir' "whereby the project may 
be relieved of inflated interest charges." 

C. 

ESTIM.A,TED COST .. 

4. "The total cost of the scheme is estimated at Rs. lSi 
crores of rupees, of which the barrage accounts for about 
5i crores and the canals for Rs. 13 crores." "The 
ultimate annual net j'evenue forecasted as obtainable from 
the projects after paying working expenses, is Rs. 194 
laMs, which represents a return of 10! per cent. on capital. 
This ·is the return from water rates alane, but a.further large 
increase in general revenues may safely be rec/wn;ed upan 
fram the m'ea of 33 million acres of waste which will be 
bra11fJht under cultivation. TherewiU be increases o'n this 
account under practically every head of revenue such as 
railways, customs, stamps, excise and the like, not to mention 
the additian to the count-ry's wealth owing to the production 
of la·/Ul at present barren of crops to the value of Rs. 25 crores 
per annum." 

6. Here it is stated that the cost of the Barrage will be 566 lakhs 
of rupees. In Volume I of the Report on the Project, however, the cost 
of·the Barrage is estimated at 342 lakhs only. 

In reply to my enquiry, the India Office has informed me that 
the discrepancy is mainly due to an addition of 255 lakhs, made by the 
Government of India, to the estimll tes of the cost of steel work, etc. 
Othor items which account for tills great adilition are iron-work and plant, 
as stated in Sir S. Crookshauk's note. 'Here then we have a sample of 
the haphazard way in which the estimates have been prepared. The 
342 lakhs estimate presumably prepared umler the direction of 
1IIr. Gebbie was recommended to the Government of India for sanction, 
but possibly owing to pressw'e of other work lI11'. Gebbie may not have 
noticed the errors in the estimates. What confi~ence can the Govern-
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ment of India place in estimates, to one of which, amounting to only 
342 lakhs, a sum of 255 lakhs has to be added for e~rors in estimating 1 

I will return to this question of the reliability of the Project 
Estimates of capital cost later on, but meanwhile pass to other co~idera
tions. 

7. Sir S. Crookshank claims that the 1920 Project will yield 
a net revenue of 194 lakhs of rupees, which represents a return of 10! 
per cent., but he omits to mention that, eve~ according to Sir Thomas 
Wards' own calculations, this return will not be obtained till 29 years 
after completion of work, when according to the P. W. Code the 
period should be 10 years, the test by which all productive public 
works have been gauged. Let me proceed to show the unreliability of 
the financial calculations on which the forecasts for this project are 
based. 

(a) RATE OF PROGRESS OF CONSTRUCTloN.-In the Snkkur 
Barrage Project it is calculated that the construction of the Barrage will 
be completed in 6 years and that the entire project, including canals, 
will be completed in 12 years. This rate of progress is impracticable. 
Taking into account the sum of 255 lakhs added to the estimate of cost 
of the Barrage by the Government of Indis, it means that tiJ.e expenditure 
during the first 6 years will amount to 1225 lakhs of rupees, or an average 
of 200 lakhs per annum. 

On the Punjab Triple Canal Project the expenditure during the 
first 6 years amounted to only 376 lakhs, or an average of 63 lakhs per 
annJlm. Conditions were far more favourable, 15 years ago, to rapidity 
of engineering construction than they are now. 'fhe labour supply had 
not been affected at that time, as it has been since, by the Great War, 
by the terrible Malaria epidemic of 1917, by the equally terrible epidemic 
of inJiuenza in 1918, or by the vastly increased demand for agricultural 
labour consequent upon the spread of irrigated cultivation under the 
Triple Cana.l Project. Moreover the Triple Canal Project had no rival 
in the engineering field, and was able to draw on the entire surplus labour 
forces of the Punjab, United Provinces, North-Western Frontier Province, 
and Afghanistan. The Sukkur Barrage Canals Project will have to 
compete, in its demand for labour, with the great Sutlej Valley Canals 
Project of the Punjab (estimated to cost about 1200 lakhs), and with 
irrigation projects of corresponding'magnitude in progress in the United. 
Provinces. 

It is unreasonable to suppose, therefore, that the rate of progress 
on the Sukkur Project will be three times the rate obtained on the Tripl~ 
Canal Project. 

The Triple Canal Project commenced to irrigate, on a small scale 
for the first time, in the 9th year of oonstruction ; and its construction was 
completed nominlJ:lly at the end of the 13th year, but actually the capital 
expenditure in the 14th year was nearly the same as that in the 13th 
year, and there was appreciable expenditure even in the next two years. 
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The Triple Canal Project was estimated to cost less than SOO lakhs 
of rupees; whilst the Sukkur Project is estimated to cost IS00 lakhs. 
Bearing this in milid, together with what I have written above, I am 
confident that any Committee of Experts would agree with me that 
it is not reasonable to expect that the Sukkur Project can be completed· 
in less than· 16 years. 

(b) RATE OF INTEREST CHARGES ON CAPITAL OUTLAY.-In 
the financial forecasts of the Project it has been assumed that the 
capital necessary for the work can be borrowed at 5 per cent. I need 
only mention the fact, and leav-e it to your readers to judge whether 
that is a reasonable anticipation. The rate should have been reckoned 
at not less than 6 per cent. 

(c) GROSS REVENUE RECEIPTS.-Within the area that is covered 
by the scope of the Sukkur Project about 2 million acres are already 
irrigated anIlually by inundation canals, which bring in a gross revenue 
of about 55 lakhs of rupees per annum at an average rate of about 
rupees 2'S per acre. In the Sukkur Project it is calculated that at the 
end of 6 years, not only will the Barrage be completed, but simultaneously 
the canals will be ready to irrigate on a small scale. It is calculated 
that 200,000 acres of new land will thus be irrigated in the sth year; and 
that in consequence thereof the revenue will be suddenly increased from 
55lakhs of rupees per annum to 90 lakhs, the average rate per acre being 
raised from 2'S to 4'0 not only on the new area (200,000 acres) irrigated 
from the new canals, but also on the area of 2 million acres that are 
receiving their irrigation from the existing inundation canals. Just 
think what this means. In the Project it is calculated that the increase 
of irrigation due to the new canal system will be 200,000 acres in the 
sth year, 300,000 in the 9th year, 500,000 in the 10th, 700,000 in the 
11th and abput 1 million in the 12th. 

It will not ·be till the 12th year that the existing canal system 
will be fully linked up to, or superseded by, the new canal system. Dur
ing this period from. the Sth to the 12th year, the existing canals will, 
to a greater or le80er extent, be receiving their supplies from the existing 
canal system. To that extent they will be receiving no benefit from 
the new canal system. Why then shoulu they be assessed at the higher 
water rates of the new system? It is perfectly certain that 
in practice this will not be done; and that the revenue calculated upon 
in the project, as derivable from the 2 million acres of existing irrigation, 
will simply not be obtained. Even after the 1211h year the revenue 
anticipateu in the Project from these 2 millions acres will probably not 
be obtained. Of these 2 million acres about 1,300,000 acres are at 
present irrigated in the kharif season and about 700,000 acres in tlJ,e rabi . 
season. The now Barmge Canals will undoubteilly benefit the 700,000 
acres of rabi irrigation, but it is not ,clear how they can be expected to 
very greatly benofit the kharif. • 

(d) HEVENUE FltOM NARA RIYER CANALS.-Tlus tract is irri
gated by the Jamrao and what are called the Easteru Nara Canals. In 
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the whole tract the area irrigated annnally is taken at 484,679 acres, 
the average assessment per acre is rupees 2'79 and the gross revenue 
13'54 lakhs. In the second year after completion of barrage, and four 
years before the completion of the proposed Nara improvement works, 
it is estimated that these figures will become 560,150, 4'89 and 27'39. 
This means that only two years after completion of the Barrage, the area 
irrigated will be increased by 75,471 acres or 16 per cent., while the 
assessment per acre is increased by 2'1 rupees or 75 per cent., and the gross 
revenue by 13'851akhs or 102 per cent. Of this increase in gross revenue 
3'69 lakhs will be obtained from the 75,471 acres of new cultivation, at 
4'89 rupees per acre, and 1O'16lakhs from an increase of 75 per cent. on 
the present rate of assessment of 2'79 rupees on existing cultivation. 

It might be supposed that the cultivators would receive an in
crease supply of water for this great and_sudden increase in assessment, 
but this is not the case. 

8. At present the Full Supply Factor (F.S.F) of the Jamrao 
Canal for dry crop is 45. This means that this canal irrigates 45 acres 
to each cusec of its full supply, taken at 3,470 cusecs as actually observed. 
Its estimated full supply was 3,200 cusecs, on which it irrigates 50 acres 
per cusec. 

Now in the 1920 Project it is assumed that the F.S.F. for dry 
crops will be 78 acres, compared with 45 on the Jamrao. This is equiva
lent to a duty of about 97 acres to each cusec of average supply. 

For rice cultivation the F.S.F. is assumed as 39' which is more 
hopeless than 78 for dry crops. This is equivalent to a duty of about 
50 acres at canal heads. Ftuther comment on these figUres is unneces
sary., To anyone who has experience of Sind irrigation they are inlprac
ticable. 

I agree with Mr. Gebbie's opinion that if less water is given to 
Sindi cultivators, they will not make it go further, but will simply culti
vate a smaller area. 

Sir T. Ward on the other hand assUll1es that" given the incentive 
. of a supply restricted to that actually required, a good market, healthy 
snrroundings, and a stimulating water rate, the Sindi will eventually 
rise t.o the occasion and inlprove his" duties". 

In the 1920 Project, it is also assumed that the present net re
venue of 8' 89 lakhs from this t.ract will be increased to 46' 72 lakhs, 
i.e., by 37' 83 lakhs, or 425 per cent. in the lOth year after completion 
of t.he new eanals. This 38 lakhs, which conld not posSibly be obtained 
from this tract is, however, part of the net revenue of 122' 6 lakhs, which 
gives the return of 5' 57 per cent.'- on the capital invested in the .lOth 
year after completion. 

This i~ more than double the revenue forecast made by 1\11'. Luc8,S 
in 1910 and by ~Iessrs: Baker and Lane in .919. 
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Ultimately, it is assumed that when 81 per cent. of this tract is 
irrigated the present net revenue of 8' 89 lakhs will increase to 70' 64 
lakhs or by nearly 700 per cent. 

To anyone who is acquainted with the Nara Valley, the proposed 
intensity of cultivation of 81 per cent. full supply factor of 78 for dry 
crops and 39 for rice at canal heads and increase ultimately in average 

. all over assessment from 2' 8 to 5' 8 rupees per acre or 120 per cent. are 
all impossible of attainment, in this unhealthy, malarious, and sparsely 
populated trac;t with its high sub-soil water level., 

It is claimed that the landowners are very desirous that the 
Barrage should be constructed, but I am perfectly certain that they do 
not realize what the Project proposals involve in the way of increased 
assessments. 

The matter which is of vital importance to the Zamindar and to 
the tax-payer should be placed beyond doubt or dispute by a: public 
proclamation explaining the proposed enhancement of assessment on 
existing irrigation; and written agreements should be taken from the 
landowners agreeing to the enhancement of assessments and reduction 
in water supply, before enormous capital expenditure is undertaken on 
the hypothesis that they will agree. 

If this be not done, and if after the Barrage has been built the 
Zaminrlars agitate against the proposed enhancement, the Government 
of Bombay may be impaled on the horns of a dilemma, political and 
financial. 

I notice in Indian papers, that Zamindars have been enquiring 
as to what assessments they will be charged to make this project pay, 
.and that the majority are quite in the dark. In my opinion it is per
fectly certain that the Zamindars will not pay the assessments forecasted 
in the 1920 Project. 

(e) MAINTENANCE OF WORKING EXPENSEs.-The existing sys
tem of inundation canals irrigates an area of about 2 million acres annual
ly; and their working expenses amount to about 20 lakhs of rupees per 
annum; or about one rupee per acre per annum. Under the new Pro
ject, with all its more up to date machinery of design, construction, and 
administration it is calculated that the working expenses will be only 
very slightly increased, viz., to l' 2 per acre annually irrigated. Sir 
Sydney Crool<shank's adviser, presumably Mr. Gebbie, declares that this 
" rate is actually being worked to, at present, and under post-war condi
tions on the great modern canal systems of the Punjab". The fact is, 
however, that in the case of the most modern canal system of the Punjab, 
viz., the Triple Canal system, the incidence of working expenses amounts' 
to over rupees two per acre irrigated annually. Mr. Gebbie doubt
less relies on the figures presented by the Lower Chenab and Lower Jhe
lum Canals, but there is no good reason why the Sukkur Barrage Canals, 
at any rate in their early stages, with which we afe concerned at preseI1t, 
should work more cheaply than the Triple Canal System. 
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There are special reasons why~ the Working Expenses of the Lower 
Chenab and Lower Jhelum Canals should be rehtively low, as they 
possess special features which do not appear in the Sukknr Project. On 
the Lower Chenab Canal about 75 per cent. of the commanded area is 
Colony land, where the canal system was designed on a tabular area. 
On the Lower Jhelum Canal half the commanded area is in Colony land, 
but in the Sukkur Project ouly about 20 per cent. of the commanded 
area is Government waste land. 

Apart from the forgoing considerations, I may remark that the 
Working Expenses of the Sukknr Canals will be specially heavy during 
the transition period, when irrigati~on is commencing gradually, whilst 
the construction of the new canals and "their Jinldng up with the erist
ing system is incomplete. 

Moreover, no provision appears to have been made for the cost of 
maintenance and repairs of the new canals before they begin to irrigate. 
In the revised estimate (1910) of the Punjab Triple Canal Project, the 
allowance made for Working Expenses chargeable to capital account was 
about 20 lakhs of rupees. The corresponding cost for the Sukknr Canals ' 
fully double this atnOlmt, should be added to the capital account of the 
project. 

9. To summarize then, my reply to the declaration in the Pio
neer, which is quoted above (C), I beg leave to say that I am prepared 
to prove, to the satisfaction of any Committee of Experts,thatthe Suldmr 
Barrage Project Report enormously exaggerates the gross revenue and 
net revenue derivable from the Project, whilst it woefully underestimates 
the rate of interest charges, the probable working expenses, and the lengttt 
of time that it will take to carry out the scheme. 

Taking all this into account, together with the under-estimates of 
cost of works (which I will refer to further on) I reckon that the net 
revenue derivable from the 1920 'Project, as designed to be carried out, 
in the 26th year, is not likely to excee4 say three per cent. 

D. 

5. "The rival scheme, which is being advocated by the opposi
tion in England, is for a canal on the left bank of the Indus, 
to be supplied in the first instance without a barrage, the 
barrage to be added at some future date.' The main argu
ments adduced in its favour are that it would be cheaper 
in the first instance and that the accumulated arrears of 
interest during construction would be . less." 

"This scheme IOas, of course, considered carefully by Govern
ment before they committed themselves to the Barrage Project 
but '11m rejected 'Unanimously by all their advisers. lnunda-, 
t'ion irrigalJion is at best precaricus and, in the light of all 
modern experience, can ouly be comidered as a most 
inefficient substitute for a perenn·ial supply. The almost 
t;:Qmplete failure of theinull.dutiO'll in 19l5 showed the extent 
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to 'which disaster may be caused by the absence of control over 
th,e river. The only m,etlwd of obviating such catastrophies 
in future is by the construction of a barrage to afford control 
of the supplies in the Indus." 

10. The whole of this argulllent is a misrepresentation of facts. 
The contention of the opposition to the 1920 Project is that as the water 
levels of the Indus arc high enough to cOlllmand the Rohri Canal at all 
seasons of the year, it is not necessary to build the barrage for the purpOSl't 
of controlling the low water levels in this canal. 

What Sir Sydnoy's, adviser refers to ss a " rival scheme" is not 
a scheme for an inunda,tion (non-perennial) canal, but for a perennial 
canal of the type of the Upper Jhelum Canal, in the Punjab. The case 
for the immediate construction of a barrage is much weaker now than it 
was thought to be 10 or 15 years ago. At that time it was feared that the 
withdrawal of water from the Punjab rivers by the Triple Canal Project 
would at once seriously lower the water levels of the Indus at Sukkur, 
and damage the interests of the inundation canals offtahng from the 
river there. But this fear has since been proved to be groundless, the 
effect on the river water levels having been found to be inappreciable. 

The working of the Upper Jhelum Canal, even during the abnor
mally bad year 1918 is a practical proof that a perennial supply can be 
ensured to a canal without the help of a barrage. Apart from this con
sideration there, is the further one that even if a barrage be necessary 
to the complete fulfilment of an irrigation project, it is contrary to all 
established practice to start its construction as soon as colistruction is 
begun on the project generally. It has been established by experience 
that the longer earthwork of a Canal project takes mnch more time to 
complete than the headworks of the Canal, including the barrage or 
weir across the parent river. 

The 1920 project aims at. completing the barrage in the 6th year, 
so as to commence irrigation in the 8th. But it is calculated that the 
increase in the area irrigated in the 8th year will be only 200,000 acres, 
in the 9th year 300,000, in the lOth, 470,000 and in the 11 tho 670,000. 
As a business proposition it is not worth while catering for the early 
small areas. It would be better to save interest charges by com
mencing the barrage 3 years later, and commencing irrigation with 670,000 
&creB instead of only 200,000. 

E. 

THE ALTERNATIVE, SCHEME. 

" There are other and almost equally weighty objections to the 
alternatit·c scheme. Dr. Summers' 1l'0posals necessitate 
taking the canal off the river above'the SuH-ur gorge which 
means that the barrage, u·lten constructed, would also have to 
be located above the gorge. Tltis site has, however, been C07i-
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drll1llflli .by ellery "xperlwho lias examined it on account oj 
the 1Lufm'aurable geologix:al fOT/nation of the river bed, which 
'is such that no engineer would risk building a great work of 
this nature upon it. lIioreover, the general design of an 
inundation canal differs in several important respects from 
that of a perennial calial, and 'if the main left bank canal 
u'ere treated as proposed enormous extra outlay would be, 
required, firstly in giving it the enhanced capacity necessary 
for a1~ inundation canal and, secondly, in reducing this 
capacity again when the barrage was constructed." 

11. These arguments are irrelevant. The original Lucas-Summers 
1910 Project was for a perennial canal, not for an inundation canal. 
This idea that we propose to make a h~rge inundation canal at first is 
not in accordance with facts. . 

If the Romi Canal is made above the gorge, it does not follow t,hat 
the barrage should be located above the gorge. 

Sir John Ottley, in a Memo. in 1913, on the Barrage Project said 
with reference to the Nara River Supply Channel" there should be no 
insuperable difficulty in providing all the water required without the 
assistance of any weir or barrage in the river." 

Sir Colin Srott Moncrieff, Sir Thomas Higham, Mr. W. B. Gordon 
held this opinion, so do Sir Lionel Jacob and l\Ir. W. L. Cameron (who 
with Sir John Ottley were on the 1913 Barrage Committee). Messrs. H. F. 
Beale, G. MeC. Harrison-Wallace, W. L. Stmngc, F. Wright (who 
succeeded me as Chief Engineer in Sind), Mr. Gebbie, now Inspector
General of Irrigation, also held the same opinion while in Sind. In 
fact I do not know of a single engineer who agrees on this point with 
Mr. Gebbie or Sir T. Ward. 

When he says that the upper site bas been condemned by every 
expert Sir Sydney's adviser ignores Col. Fife, who first chose the Upper 
Site, Col. Rundall, a former Inspector-General of Irrigation, Mr. F. E. 
Robertson who examined the River bed in connection with the construc
tion of the Landsdowne Bridge and who gave me his opinion as to how he 
would build the barrage at this site. • 

Mr. W. L. Strange, lIU.C.E., who was in immediate charge, 
as Chief Engineer in Sind of the Indus River Observations, in a recent 
article 011 the Barrage Project, wrote" The foundations, at the Upper 
Site are of crystalline limestone, which is practically insoluble and' has 
withstood ero~ion for countless ages: .the rock has accordingly been 
accepted by engin~ers for 60 years as suitable for carrying a weir." 

" It is perhaps possible, because a submerged weir on rock founda
tions is unusual in Upper India, that objections have been raised to this 
type for the BalTage, bnt sueh objections are not supported by successful 
constructions e\Rewhere of the submerged type of weir." 
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The fact that Indian engineers do not understand the construction 
of weirs on rock has been brought forward as a reason for the lower site, 
at which the barrage will be founded on sand, but the obvious reply 
to this is to consult engineers who do understand rock foundations .. 
The SukImr rock is fissured, but so is the rock on which the Aswan Dam 
and other dams have been· successfully founded. 

The f act remains that the expert engineer advisers of the Govern" 
ment of India in the year 1912 advised that Governnient that it was 
quite safe to build a barrage at the site above the gorge. If those advisers 
were mistaken in their advice who shall say that the present advisers of the 
same Gbvernment are infallible. 

F. 

Dr. Summers has "denounced tile barrage Project on a number 
. of grounds, most of whicll are so entirely false . tllat tlley 

cannot be allowed to pa8s unnoticed." 

(2) "It is against tile opinion of every member of tile Sukkur 
Barrage Committee. Tl!is is also incorrect. Tile Committee 
referred to sat in 1912 to consider a previous scheme for a 
barrage above the Sukkur Gorge, a proposal they rightly 
condemtled. 

12. My friends and I have not condemned any possible project 
for a Barrage and Canals at Sukkur, but only the latest 1920 Project 
which originated in 1919, and which owing to the proposed expenditure 
of 480 lakhs (£4,800,000) in the first 3 years on the barrage alone, compared 
with only 25 lakhs (£250,000) on the Rohrl Canal and 80 lakhs on the other 
2 canal systems, makes the accumulation of interest charges so enormous, 
that the scheme cannot be a productive work under any circumstances 
however favourable. 

It was a note which I sent to the Bombay Government in 1904, 
which first brought the barrage feature into the project. I have never 
been opposed to the idea of a Barrage, but have always urged that the 
Rohri Canal should be begun first. I have even been taken to task on 
several occasions for bringing the barrage into the project. 

The views of Lord Curzon's Co=ission, which are strongly 
in favour of making the Rohri Canal first, are given in my pamphlet. 

Sir Colin Scott Moncrief! said, "make the Rohri Canal first. 
This seems to me so evident that it is like flogging a dead horse." 

. Sir Thomas Higham recommended the completion of the canals 
before the barrage, and lIIr. W. B. Gordon, the third engineer on this 
Commission, gave his opinion that the immediate construction of the 
Barrage, in the 1912 Project, was based" on groundless apprehensions 
as to the effect of future withdratvals of water in.the Punjab." The 
data given in my pamphlet show that there is absolutely no risk in 
beginning with the Rohri Canal, which will make a certainty of the 
work being remunerative. 
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Sir John Ottley and Mr. Cameron, members of the 1913 Barrage 
Committee, have always been in favour of. beginning with the Rohri 
Canal, on account of the great saving in interest charges by this 

. programme. Their opinions are in my pamphlet, and so is that of Sir 
Lionel Jacob, the third member with Indian experience. 

This Committee condemned the 1912 Project, mainly because they 
considered the barrage was underestimated and that the scheme with 
the Barrage first would not be a productive work, and not because 
the site for the barrage was above the gorge. Mr. Cameron's note 
in the discussion on my lecture makes this clear. 

The Committee stated that if a site was chosen below the gorge 
it should be afew miles below the outfall gauge. At this gauge, as pointed 
out by Mr. Beale, Chief Engineer, "the heavy rush through the gorge 
seems to continue its scouring action." 

The site chosen in the 1920 Project is only 6,000 feet below the 
outfall. With the barrage and canals as designed at this site the canals 
in my opinion and in the opinion of experts well qualified to judge are 
practically certain to have silt deposited in them. This will reduce their 
discharge and consequently their revenue. The largest canal is designed 
with its fnll supply level only 6 inches below the top of the barrage 
gates. 

G, 
" If the barrage is constructed as designed, there is a likelihood 

of the river leaving its. present course, a calamity which can 
only be prevented by extensive trainil1g works for whick no 
provision is made in the estimate. This is so serious a 
charge that it requires a little detailed comment. 

13. Strong expert opinion is against Mr. Gebbie and Sir Thomas 
Ward on this point, but it would take up too much space to go into the 
question here. 

I will only Bay that the majority of experts hold the opinion 
that if the flow through the gorge is interfered with in any way, as it 
would be by the barrage below it, the river is likely to be diverted from 
its present course, unless prevented from doing so by costly training 
works above the gorge, for which the 1920 estimate does not provide. 

Sir Michael Nethersole, who dealt with this project from 1912 
to 1916, was of opinion that the engineering questions in connection 
with the Sukkur barrage were so serious that they "would need tc) be 
solved by an exceptionally stro~g Committee of experts before work 
on it could be started." 

Mr. H.J!'. Beale, while Chief ~ngineer, Bombay, in a well-consi-· 
dered note, pointed out that the lower site would necessitate ample 
training works above Sukkur to prevent the river changing its course, 
and that possible silting in the gorge" would cause further rise in flood 
levels, and cost for proteotive works." 
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, When Mr. Beale wrote this note the barrage gates were designed 
to hold up water to a level of 192 so that they would not be used in the 
inundation months, June to September, but with the 1920 design the 
water level is to be held up to 194'5, so that the gates will have to be 
used in every month of the year. 

This will turn Mr. Beale's possible silting into certain silting. 
This drastic change in design saves a large sum in the estimates, but will 
increase the danger of the river leaving its present course. The tops 
of the gates could be lowered, but this would necessitate a very large 
expenditure in'lowering the beds of the seven canals which take off 
above the barrage. 

A very strong Co=ittee of experts was appointed to advise 
on the Aswan Dam design and site, but 'a committee is far more neces
sary in the case oBhe Sukkur Barrage, especially as the site selected and 
approved of by all experts for 65 years, has been suddenly abandoned, 
owing apparently to a misunderstanding as to the 1913 Committee's 
recommendations. 

H. 

(1) "Rates of work only 20 per cent. ahove pre-war rates. 
This is deliberately untrue. In the case of the barrage the 
increase allowed over the probahle pre-war cost of the work 
is of the order of 150 and not 20 per cent. Work which before 
the war would have CQst 2! crores being now estimated to 
cost Rs. 5i crores. The increases over pre-war rates adopted 
for the various principal classes of work are 30 per cent. 
for earthwork, 50 per cent. for ccncrete, 23 per cent. for 
brick work and 300 per cent. for steel, iron work and plant. 
The extensive use of mechanical appliances should enahle the 
work to be executed ccmfortahZy within these rates." 

14. Sir Sydney Crookshauk has practically no experience of 
irrigation engineering, but he may reasonably be expected to know 
something about ordinary forms of engineering construction, such as 
concrete, masonry, earthwork, etc. 

He accuses me of deliberate falsehood and in proof thereof asserts 
inter alia that the rate allowed in the barrage estimate for concrete is 50 
per cent. over the pre-war rate. 

Now in Volume I, dealing with the estimates for the Barrage 
alone, there' is a schedule of rates in which the rate for lime concrete is 
shown as Rs. 17-8-0 per hundred cubic feet. 

Does Sir Sydney maintain that this rate is 50 per cent. above pre-
war rates, or, at any rate, adequate in itself 1 • 

Fortunately the reply to this question can be found in the l'roject 
Report itself. 
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In Volume V of the Report, dealing with the estimates for the 
canal systems the rate for lime concrete is shown as Rs. 26. If this be 
the concrete rate, the rate allowed in Volume I for the barrage itself 
must be 33 per cent. too low. 

The columns of the Pioneer are not the place in which a con
troversy about rates of work can be suitably carried on; but your readers 

'will be able, from what I have written above, to judge of Sir Sydney's 
value as a veracious official. 

He mentions that the rate allowed in the Project for steel work 
is 300 per cent. over pre-war rates, but he conceals the fact (as I have 
explained above) that the estimate of cost of the steel work, iron, plant, 
etc., which Mr. Gebbie, as Chief Engineer, advised the Government of 
B'ombay to regard as adequate, was 255 lakhs of rupees less than the 
Government of India afterwards were obliged to regard as adequate. 

In the face of facts like these, how can the Government of India 
place implicit reliance on the expert advice of Mr. Gebbie or of Sir Sydney 
Crookshank 1 

As regards the cheapening of work by the use of mechanical appli
ances I am informed by those qualified to speak on the subject that 
experience acquired during the construction of the Punjab Triple Canals 
does not bear out this expectation. I have explained above that the 
ravages of war, malaria and influenza and the competition of other 
engineering projects concurrently in progress in Northern India, will 
tend to increase the cost of work and may make progress slower than it 
was on the Triple Canal construction IS years ago, rather than three times 
as fast as assumed in the 1920 Project. ' 

K. 

"Finally, Dr. Summers advances the following arguments in 
favour of !tis own proposal for an inundation canal:-

(I) ," It is the only lwpe for a productive work. The barrage 
scheme will certainly be productive." 

IS. It is asserted here that the Barrage project will certainly 
be productive. It must be pleasant to be an optimist, but it is likely to be 
unpleasant for those who are persuaded to lend money to'an optimist. 
Anyhow I would suggest the advisability of revising the financial fore
casts of the project, in the light of recent criticisms, as a preliminary to 
further consideration of the same. I have shown above that the Pro
ject calculations of gross revenue, simple interest, working expenses, etc., 
are not worth the'paper they are written on. I have shown also that 
there are glaring errors in the project estimates of the barrage, ~ven apart 
from the errors in estimating the cost of steelwork, plant, etc., which 
was detected by the Government of India, and on account of which 
255 lakhs were added to the estimate. 
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Over and above these errors, there are numerous others of all 
descriptions scattered throughout the Project Report, some of which I 
may briefly mention here. 

16. The capacity· of the canals has been wrongly calculated. 
For instance, as I have shown above, it has been assumed by Sir T. Ward 
that each cusec of full supply in the N ara River Canals will irrigate 78 
acres of cotton and other dry crops and 39 acres of rice. 

These figures of 78 and 39 are termed the Full Supply Factor; 
(F.S.F.). For comparison, as I have shown, the F.S.F. of the Jamrao 
Canal which has been working for 20 years is 45. Then take the case 
of the Lower Jhelum Canal, which Sir T. Ward has given as an example. 
This canal, 'as he shows, irrigated an average of 235,258 acres in the 
Kharif Season including 1,975 acres rice, in the 5 years ended 1914-15. 
Assuming for the moment, that rice only requires twice as much water 
as • dry' crops, the average equivalent area of dry crop~ ,comes to . 
237,233 acres. As this canal can carry a discharge of 3,896, its F. S. F. 
is. 60 '9. Now Sir John Benton, in dealing with this project, allowed 15 
per cent. more water for Sind on account of the rainfall being negligible 
and Sindi cultivators not being as good as Punjabis. Messrs. Baker. 
LC.S., and Lane, P.W.D., proposed an allowance of 13 per cent. Deduct
ing 15 per cent. from the Lower Jhelum, F.S.F. of 60'9, we get 52 as the 
corresponding F.S.F. for Sind, compared with 45 on the Jamrao. 

A higher F.S.F. than 52 can be taken for these canals, but to 
base a project on such an unheard of F.S.F as 78 would lead to certain 
disaster. 

The F.S.F. of 39 for rice, as I have stated above, is still more 
hopeless, and cannot be applied to Sind. 

As the latest 1920 Project is based on obtaining great revenues 
from the Nara River tract, it is evident that the errors in intensities and 
F.S.F. alone-not to speak of the great and sudden increases in assess
ment preclude any chance of a productive work. 

I may mention here that Mr. R. G. Kennedy, who was an authority 
on ' duties' and F.S.Fs., gave me 35 as F.S.F, for rice at distributary 
heads. This agrees with Sir John Benton's figure of 34. Now Sir T. Ward 
has taken 39 at canal heads, equivalent to a 'duty' of about 50. It would 
only be fair to the Zamindars to let them know that if the 1920 Pro
ject is carried out, they will get less water for their crops, and pay 60 to 
100 per cent. more for it. 

It is useless to discuss this question of full supply factors any 
further. 

Moreover the capacities of the Sukkur Canals have been calculated 
on the assumption that Kutter's coefficient of rugosity will be O· 020 ; 
whereas I am informed that on the Triple Canal System it was found 
necessary to put the vulue of the coefficient 12'5 per cent. higher; and 
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that in the head reaches of some of the Punjab perennial canals the 
value of the coefficient is ahout 0'027. 

Thus it may be necessary to make the capacities of the Sukkur 
canals greater throughout than has been allowed for in the project. 

17. The head regulators of the canals should have far greater 
width of waterway than has been allowed in the project 'and their cost 
should be greatly increased; involving an addition of say 20 to 30 lakhs 
of rupees to the Project estimates. 

When these and other necessary corrections have been made it 
is not improbable that the 1920 Project will show under 3 per cent. 
return on the capital invested down to the end of the 26th year. 

Even then it will be a project to be condemned for other reasons. 

18. The Governor of Bombay in Council, when submitting to 
the Government of India for sanction the Sukkur Barrage Project of 
1910 drew attention to the liability of expenditure on great engineering 
works to exceed their estimated cost considerably, viz., in the case of the 
Forth Bridge by 60 per cent. ; in the case of the Manchester Ship Canal 
by 50 per cent. and in the case of the Aswan Dam by cent. per cent. In 
the light of these figures the Governor agreed that it might be safe to 
assume that the Sukkur Barrage might in practice exceed its estimate 
by about cent. per cent. 

Since the Governor of Bombay wrote as above, we have experi
ence of expenditure on other great and recent projects ;-

Triple Canals Pro- Excess 33 per cent. 
ject, Punjab. 

Bombay Reclama- " 100 
tion Project. 

Delhi New Imperial " 100 
City.' . 

" 

" 

(Bombay Reclama
tion). 

I may also mention that the estiinates of both the White and Blue 
Nile Weir Projects have' been increased by over 100 per cent. since 1917. 
In the light of what I have written above, can the Indian tax-payer feel 
sure that the expenditure on the 1920 Sukkur Barrage Project will not 
amount to more than 30 crores (£30,000,000) of rupees ~ 

19. When dealing with the Barrage Project of 1910, Mr. Beale, 
Chief Engineer, Bombay, agreed that the Rohri Canal could be designed, 
construe.ted and worked without a barrage, as a perennial canal. The 
only serious objection to the non-barrage canal rested on the fear that it 
might be thrown out of action in the 'winter season by deposits of silt 
in the summer. The science of silt exclusion at Canal heads has however 
advanced far since 1910 and since so much, in fact one may say every
thing, depends 'On the financial aspect of the Barrage Project, would it 
not be well to have the design of the Rohri Canal, as a non-barrage 
perennial canal to start with, fully considered by a Committee of experts. 
The Upper Jhelum Canal in the Punjab is a living illustration of the 
feasibility of the idea . 

• 
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20. .As regards silting, however, it may confidently be predicted 
that the canals of the 1920 Project, as designed, will certainly suffer from 
silt deposits in the summer . .As a result of this whenever the river water 
level is below about 194 or 195, which occurs in every month of the year, 
it will not be able to give the canals their full supplies unless the. gates 
of the Barrage are worked so as to raise the water level to about 195 or 
196. When the gates are so worked during the flood months, June to 
September, there will be further risk of the river changing its course 
upstream of the Sukkur gorge. 

Sir Sydney Crookshank and his adviser think that heading-up 
at the Barrage will affect only the water surface levels of the river for 
a short distance upstream. They should consider its possible effect in 
the direction of shoal formations a considerable distance up the river. 

21. W ATERLOGGING.-The problem of waterlogging has re
ceived scant consideration in the Report on the 1920 Project. Hardly 

. a dozen lines have been written on the subject of the sub-soil water levels, 
and the probable effect of the new canal systems on them. Throughout 
the greater portion of the area included within the scope of the Project, 
the spring level is less than 50 feet below ground surface; whilst under a 
considerable portion of that area the spring level is less than 25 feet 
below ground level. Yet this is the kind of country into which Mr. 
Gebbie and Sir T. Ward propose to introduce perennial irrigation with 
81 per cent. intensity. 

I am informed that the Upper Chenab Canal of the Punjab Triple 
Canal System was designed and constructed as a perennial canal, but . 
that hardly had it been opened for irrigation when the rapid rise of 
spring levels rendered it necessary to discontinue rabi irrigation from it. 
Before the Canal was opened the spring levels were from 25 to 50 feet 
below ground surface. What is to prevent this experience being repeat
ed on the Sukkur Canals 1 In the case of the Sukkur canals the disconti
nuance of rabi irrigation would be a far heavier blow than in the case of 
the Upper Chenab Canal; for in most of the former ~he rabi irrigation is 
designed to be about 65 per cent. of the annual irrigation, whilst in the 
latter it was only 50 per cent. What will become of the financial fore
casts of the Sukkur Canals Project if it should be found necessary here
after to prohibit or reduce rabi irrigation on smitary grounds. 

The idea of designing canals to irrigate annually 81 per cent. of 
their culturable area, especially in the Nara Valley, with spring levels 
only from 10 to 40 feel! below ground surface, is altogether absurd, 
and acurions illustration of the desperate expedients to which the framers 
of the Project were driven in the endeavour to present a plausible scheme 
on paper. 

Even in Sind itself there is a standing object lesson in the effect 
of a canal on the levels of the sub-soil water table .• The Jamrao was 

. opened in the year 1900. At that time, if I remember rightly, the Bub
soil water level was on the average 42 feet below ground surface; but 
within 10 years it had risen 14 feet to within 28 feet of ground surface. 
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This great rise occurred although the intensity of cultivation annually 
was only about 40 per cent. of the culturable area. What is likely to 
be the effect of the proposed new canals, with their 81 per cent. intensity 
of irrigation 1 I should mention that the 1920 Project is based on increa
sing the area irrigated annually by the Jamrao Canal from about 250,000 
acres to 540,?00 acres, that is by over 100 per cent. 

22. A project of the magnitude of the Sukkur Barrage Project 
of 1920 might well have been prepared by the Chief Engineer in Sind 
after the excellent example set by Sir John Benton with the Punjab 
Triple Canal Project in 1904 ; instead of being left so largely to·a junior 
Executive Engineer. This young officer has acted with great zeal and 
ability, which however cannot make up for his unavoidable lack of 
experience in irrigation. As 'it is, he apolog'izes very modestly for the 
shortcomings in his work, and asks that they may be excused, on the 
ground that he had to carry it through" as a rush job." But why was 
a project of this magnitude rushed in this fashion 1 

23. The Secretary of State for India had approved of the 
execution of the Sukkur Barrage Project of 1920, provided that the 
Government of India is able to satisfy him of the suitability of the 
financial arrangements made to raise the necessary capital, and that 
the project is likely to be a productive work. The latter condition cannot 
however be fulfilled by the project in its present form, owing amongst 
other reasons, to the enormous accumulation of interest charges. .~ 

The Secretary of State has no expert irrigation engineers to advise~ 
him on the merits of irrigati.on projects in India; whilst recent political 
changes have increased the independence of the Government of India and 
its authority to decide on such projects. When therefore the Government 
of India informs the Secretary of State that its expert advisers have 
pronounced a project to be sou.nd and likely to be productive, the latter 
can hardly do otherwise than agree to the work being carried out, sub
ject only to satisfactory financial arraqgements being made. 

The Government of India, however, should now realize that there 
are grave doubts as to the soundness of the 1920 Project, and that it is 
absolutely necessary in the interests of the Indian taxpayer and of the 
Sind Zamindar, that the Project should be exhaustively examined by a 
strong committee of independent experts before any further expenditure 
is incurred on it. 

Meanwhile the Government of India have approved of the 
Project subject to the condition that the Bombay Government makes 
its own arrangements for finance. This latter Government hugs to 
its breast, on the strength of calculations which, in my opinion, are 
worthless, a concession which is said to be valuable, provided only that 
the necessary c~pital can be borrowed at 5 per cent. 

Yours faithfully, 

(Sd.) THOS. SUMMERS, 
LATE CHIEF ENGINEER IN SIND. 



102 

Mr. Musto's Reply, dated June 1922, t.o Dr. Summers' 
articles in .. The Pioneer" of 6th and 7th January. 

THE SUKKUR BARRAGE AND CANALS PROJECT (1920). 

Somewhere in his lengthy article, Dr. Summers speaks about 
" flogging a dead horse." To put the most charitable construction on 
his present articles, this expression very well describes the method he 
adopts, of repeating previous lengthy and inaccurate statements, in 
support of his scheme for a semi-inundation Rohri Canal. Dr. Summers 
Beems to rely on his reputation, as an engineer with Sind experience, 
giving to his 1'pse dixit all the force necessary to contravert the considered 
and responsible opinions, of the most senior and experienced officers in 
Government service, (some with world-wide experience), on mattets 'of 
technical opinion; and their statements of facts and figures, on which 
the project was based. 

This is to view his articles in the most charitable light, but after 
studying them carefully, and comparing them with actual facts, one may 
be excused for wondering whether Dr. Summers is genuinely confused 
and ignorant, or}s maliciously omitting, misrepresenting, and distorting, 
facts and figures, for the purpose of "creating alarm and despondency" 
among the general public, for some ulterior motive of his own. Those 
who are able to follow both sides of the question will doubtless form 
their own opinions on this matter. 

Dr. Summers is a past-master in the art of controversy, and is 
indefatigable in pursuit of his own theories. His criticisms of the present 
Sukkur Barrage and Canals Project (1920), which are dealt with in this 
note, are most convincing, and damaging to the project, when read even 
by men with technical irrigation experience, unless they happen to have 
the time, and the references necessary, for checking his statements. 
But these statements are so fa~e and misleading that it is necessary 
to answer them on this occasion, in order to show the general public 
how utterly unreliable his criticisms may be, as a guide to jUdging the 
merits of the scheme .. Judging by his past record, Dr. Summers will 
probably again reply to this note with further misrepresentations, but 
having once shown his insincerity and inaccuracy, it is not proposed to 
honour his articles with any further reply. 

It is hoped that all volumes of the Report on the Project, which 
are still in the Press, will shortly be available for issue, so that those 
interested in the scheme will be able to obtain first hand information, , 
and so avoid Dr. Summers' distorted pictures and romances. 
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Extract A and Dr. Summers' comments thereon. 

The extract quoted by Dr. Summers is as follows :-

" Sind, at present, depends for its 'irrigation upon canals from 
the Indus, the supply of which canals fluctuates daily with 
the rise and fall of the water level in the river, there being 
no· means of regulating this level artificially, as is done in 
the case of all other great canals of India." 

Dr. Summers' comments on this are as follows:-

" The writer of the article appears to be una ware that the rabi 
water supply of the Punjab Triple Canal Project is obtain
ed principally from the river Jhelum at Mangla without 

. the help of a weir or, barrage across the river. The Upper 
Jhelum Canal, the main winter source of water supply of 
the Triple Canal Project is an inundation canal, in as far as 
it has no barrage but it is also a perennial canal, and the 
conditions existing at Sukkur on the river Indus are more 
favourable than those at Mangla on the river Jhelum, for 
the construction of a successful Left Bank Canal of this 
type." 

Let us now examine this statement of Dr. Summers. 

Either he does not understand the conditions at Mangla, and the 
rtlgime of the Upper Jhetum Canal, or he is deliberately misrepresenting 
them. 

In the first place, the Upper Jhehlln Canal has dual functions. It 
iR not only an irrigation canal, but is primarily a feeder channel, or bye 
pass, from the Jhelum river at Mangla, to the Chellab river at Khanki, 
where it, is headed up by a weir. It is this latter function which makes all 
it.R working conditions fnndamentally different to those of the Rohri canal, 
which is purely and solely an irrigation canal, ending in a tail distribu
tary, and thence on the fields. At every point, throughout its length, the 
Hohl'i ('Itnal must gi ve its snpply at full designed level, or caUse disaster 
t·o the eultivation depending on it. 

Actually, as designed by Dr. Summers without a barrage, the 
Rohri Canal will not run at full supply, nor at full supply level, all the 
year round, even if all Dr. Summers' anticipations as to the level of the 
river at its head, and the satisfactory action of the canal, were realized. 
Dr. Summers' own project shows the Rabi F. S. L. 5' 3' lower than the 
maximum kharif F. S. L., on which he relies for commanding the land, 
while the designed Rabi discharge is less than half the kharif discharge. 
So that if the canal were headed up to F. S. L. in sections, to give rota
tions at full supply, it must run at less than half the designed non-silting 
velocity, and silting is bound to occ,!r. The Indus at Rohri cannot give 
the full supply level to the Rohri Canal (as designed by Dr. Summers) in 
the rabi season, and it was for this reason that Dr. Summers had to adopt 
(\ rabi F. S. L .. 5'lower than the required level, and to depend on rotational 
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working, and heading up, to get command of the land. Even this unsatis
factory arrangement would only be possible for the small amount of rabi 
he has allowed, viz., an area equal to kharif area. But experience, on 
every true perennial canal in the Punjab, shows that the demand for rabi 
area is two or three times the kharif area, and that while the rabi demand 
is constantly increasing, there is difficulty in getting the full kharif supply 
utilized. With Dr. Summers' Rohri Canal it would be impossible to give 
water for any more rabi than he has estimated for, because the level of 
the river is too low to pass a greater discharge into his canal. 

To get a larger discharge, and to get F. S. L., in this season, the 
Barrage is indispensible even for the Rohri Canal, while it enormously 
cheapens the cost of that canal, and is at tJ;e same time absolutely 

, essential, for both rabi and kharif supplies, to the Right Bank Canals and 
the Eastern N ara System. 

Returning to the Upper Jhelum Canal with its head at Mangla, 
it should be stated that the lowest river level, ever recorded there, is 
866 '0, (with whole river discharge passing into canal), as against F. S. L. 
in the canal of 857' 4, i.e., the mJnimum river level is 8' 6' higher than the 
required F. S. L. in canal. As shown above, the average river level at 
Rohri, in the Rabi season, is 5' lower than the F. S. L. of the Rohri Canal. 
The full designed discharge of the Upper Jhelum Canal is 8,500 cusecs. 
Of this quantity only 2,400 cusecs are required for irrigation on the 
canal, and the balance, 6,100 cusecs, when available or required, is 
emptied into the Chenab River above the Khanki weir. 

It is immaterial at what level this water enters the Chenab, as it ' 
can be headed up by the Khanki weir to the level required for' the Upper 
,Chellab Canal, wllile all silt deposits, scoured out of the Upper Jhelum 
CaIia.I, can be passed down the natural river. 

During the kharif season, the full discharge into the Chenab is 
seldom required, and during t,he rabi season, the supply in the Jhelum 
river, which is often deficient, has to be divided between the Upper and 
the Lower Jhelum Canals. Thus the conditions at Mangla, where the 
required level can always be obtained, are fundamentally different to 
those at Rohri, where the required level cannot be obtained from the 
natural river. 

Hence the Barrage is required to gnarantee the required level, aud 
an economically large supply, in the rabi seasou, to the Rohri Canal. 

EXTRACT B AND DR. SUMMERS' COMMENTS THEREON. 

The essential weakness of Dr. Summers' reply to this extract is 
found in bis first sentence. 

He says, " This object (i.e., to give an assured water supply) can 
be assured, 80 far as the trad to be irrigated by the Rohri Oanal is con
cerned, without going to the enormous expense of building the barrage 
bp/ore it is relfuired for the other canals which it is to serve:' 
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Assuming for the moment that the Rohri canal could be supplied 
satisfactorily without a Barrage, (this is disproved in the preceding and 
following sect.ions), yet the Barrage iti required for the other canals 
immediately the Rohri Canal is opened. Otherwise all the existing 
canals, now supplying the lands to be irrigated by the other proposed 
canals, would inunediately suffer from the great take-o:ff of the Rohri Canal; 
and in' any case, their development is just as important as that of the 
Rohri Canal. In fact more so, since the other canals will command an 
area of over 4,000,000 culturable acres, as against only 2,500,000 cul
turahle acres on the Rohri Canal. But Dr. Summers' fetish has always 
been the Rohri Canal, and he is willing to sacrifice everything else, 
to pushing through a very dubious design for this canal alone. 

Again and again, Dr. Summers talks about the Barrage being 
"completed several years before the completion of any of the canal 
systems which it is to serve." The apparent intention of this assertion 
is to give the impression that the Barrage will remain useless for several 
years after completion, i.e., until the canal systems are completed. Such 
is not the case, as Dr. Sununers thoroughly understands. At the time 
the Barrage is cOl\lpieted, considerable portions of all the canal systems 
will be completed, and ready at once to utilize the assured high-level 
supply, given by the Barrage, for very large areas of land. The areas 
of existing cultivation ~o be benefited, and of new cultivation anticipated, 
on each canal system, at this stage, are shown below ;-

IiI 7tll year, i.e., first year Barrage operates-

Rol4ri Calull System .. 
Eastern N ara Canal Syste/ll 
Right Bank Central Canal 
R. B. N ortll- tv estern Camtl 
R. B. Soulll-Eastern Canal 

1'otal 

Area of existing 
cultivation 
benefited. 

Acres. 
210,320 
480,279 
Nil. 
248,531 
198,851 

1,137,981 

New cultivation 
\Jnticipated. 

Acres. 
88,000 
75,471 
Nil. 
68,047 

3,988 ~1 

235,506 

The remaiuing 8117,655 acres, of present cultivation, will remain 
on their present supplies, unbenefited, till further sections of the new 
eanals are opened, and will remain at their present rates of assessment 
till sueh time. ,The remaining al:ea of anticipated new cnitivation, 
3,273,000 acres, 'will gradually come under irrigation during the next 33 
years. This omits all benefit to the Khairpur State Canals. which can be 
given full supply as soon as the Barrage is ready, to all existing canals, 
and tiuch portions of their impl'Ovements as are ready. 
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if the Barrage construction were delayed, and it was not ready to 
operate when the canals had reached this stage of construction, none of 
the new canals, as now designed, could irrigate the areas then commanded. 
Under Dr. Su=ers' scheme it might be possible to giv~ to the Rohri 
Canal alone, if differently designed, a supply, depending on the natural 
river level, without a Barrage; but no improved supply could be given, 
in any way, to all the other systems; and on the contrary, their existing 
supplies would be injured. At the same time, the change necessary 
in the design of the Rohri Canal, as compared with thedesign in conjunc
tion with a Barrage, would enormously increase its cost, and it would 
have to be reconverted after the Barrage was built, at a further great 
expenditure, besides disorganizing the methods of cultivation. 

But Dr. Summers ignores all these points, and has never put for
ward any satisfactory proposals for the improvement of any of the other 
canal systems. He cannot see beyond the Rohri Canal, which. is his 
alpha and omega. 

He quotes Sir Michael Nethersole as being decidedly against 
making Barrage and canals simultaneously, but Sir :Michael Nethersole 
wa,s open to reason, and when he saw the outline of the present project 
in 1919, he was in favour of the Barrage construction:-

Again Dr. Summers says, " The Rohri Canal as stated in Appendix 
A of the 1920 Project Reports ( is the greatest irrigational want of the 
Province at present, and it is the almost universal opinion that this canal 
~hould be started first.' " 

This reminds one of the devil quoting scripture. Dr. Summers 
omits to mention that, the appendix from which he quotes is merely a 
history of the previoUll projects, and that the passage quoted is the 

,expression of one officer's opinion given in 1910, and .recorded in this 
history. 

Nor does he mention that, in the same paragraph, that officer 
recommends that "if the Barrage is required to ensure its success, it 
should be started simultaneously with the canal" and further recommends 
that a project be prepared for improving the canals on the Right Bank. 

EXTRACT C AND DR. SUMMERS' COMMENTS THEREON. 

Dr. Summers lays great stress on the increase in the estimates for 
the Barrage, from 342 lakhs, as submitted by the Government of Bombay, 
to 566 lakhs, as submitted to the Secretary of State by the Government 
of India, and he asks "what confidence can be placed in estimates to 
one of which amounting to only 342 lakhs,a sum of 255 lakhs has to be 
added for errors in estimating." Further he says, "Mr. Gebbie may 
not have noticed the errors in the estimates." 

This is another example of Dr. Summers' methods of misrepre
sentation. ' The present Barrage Report has been placed at his disposal 
by the India Office, and he has gone into it pretty fully, as is shown by 
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his quotatiom. Yet he entirely omits to mention that, in the Report, 
it is clearly pointed out that, the estimates for steel work, machinelY and 
plant are basecl on most UlI5atisfactory and indefinite data, as they were 
prepared mostly in lOIS, when no business firm could forecast prices 
2 years ahead ; and that for this reason, a, special table was shown in the 
Heport, giving the quantities and rates for such items, to facilitate the 
Government of India adding to them, whatever percentage their later 
information showed to be necessary. Thus the addition of 255 lakhs was 
not due to " errors in the estimates," but was specifically and definitely 
anticipated in the Report. Act ually, the estimates for steel work, etc., 
were based on rates about 40 per cent. in excess of pre-war rates, as 
advised by some of the largest engineering firms in India; whereas the 
actual present-day cost of most plant is from 200 per cent. to 300 per 
cent. above pre-war rates. This is the explanation, clearly understood by 
Dr. Summers, of the great addition to the estimates, by the Government 
of India, before they were submitted for sanction to the Secretary of 
State. The estimates of return on capital invested, shown by the Project, 
were similarly revised (and reduced) to allow for this increase of estimated 
cost of works. 

Readers may judge whether Dr. SUlllDlers was, or was not, giving 
an honest presentation of the facts:-

His second point under this extract is similarly presented. He 
says .. but even according to Sir Thos. Ward's own calculations this 
return (10! per cent.) will not be obtained till 41 years after the 
"commencement of the work, when according to the P. W. D. Code the 

period should be 10 years, the test by which all productive public works 
have been gauged." 

In the first place 41 years after commencement of the works, means 

30 years after completion of the works. Secondly accordingly to the 

P. W. D. Code a work should pay 5 percent. on capital invested 10 years 
after completion of the work. 

Actually, as Dr. Summers is fully aware, Sir Thos. Ward's estimate 
shows that, 10 year,s after completio'n of the work, it will pay 5'57 per 
cent. on capital invested; 20 years after completion it will pay S'07 per 
cent.; and 30 years after completion, (i.e., on full development), it will 
pay lOt pel' cent" as stated above. Is Dr. Summers really trying to en
lighten his readers as to the true facts of the project, or is he deliberately 
misleading them ! 

(n) RATE 01' PROGRESS OF CONSTRUCTION.-Dr. Summers 
endeavours to show that the rate of expenditure, estimated for, is impos
sible of attainment. Here again, in his comparisollB with expenditure 
on other works, he omits to ment-i?n a very important qualifying factor, 
which is rlearly pointed out in the'Report placed at his disposal, 'Viz., 
that when work allli plant are estimated at rates varying from 25 per 
cent., to 300. per cent., above pre-war rates, the expenditure caunot be 

·Xote • .:....The lUlderlining is by the present writer. 
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compared with that actually incurred for works carried out at pre-war 
rates. In the case of machinery, plant and steel work,' for instance, of 
which there is an enormous quantity in the Barrage, there is no more 
difficulty in obtaining Rs. 250 lakhs of plant to-day, than there was in 
obtaining Us. 100 lakhs of plant in pre-war days. In fact the quantity 
is the same. 

Secondly, Dr. Summers compares possible expenditure, (by which 
he represents work done), on the canals'and barrage, with works carried 
out from 10 to 20 years ago in other parts of India, by manual labour, 
and he speaks of the difficulty of obtaining the necessary labour. Here' 
his lack of knowledge of up-to-date methods leads him astray. He does 
not realize that. under present-day conditions in India, it ~ possible to 
substitute a machine, requiring only about a dozen men, for thousands of 
coolies, or hundreds of masons. The rate of progress has been estimated 
as well as this somewhat indefinite item can be estimated, with the best 
up-to-date information available, by the officers concerned. PoS:Sibly 
they may not prove to be strictly correct, but unlike Dr. Summers, they 
do not claim infallibility. They will be responsible for carrying out the 
programme, while Dr. Summers is an arm-chair critic, with no respon
sibility, but only concerned in trying to force on the country his own pet 
scheme, apparently to satisfy his vanity. 

Dr. Summers mentions that the average annual expenditure on 
the Punjab Triple Canal Project, for the first six years, was only 63 lakhs 
per annum, but he omits to mention that in one year they spent 144lakhs, 
which is equivalent, with to-day's high prices for machinery and labour, 
to well over 200 lakhs per annum. A very large proportion of the expen
diture, on the present project, will be for high priced machinery, plant and 
ironwork, and there is no difficulty in obtaining such supplies to any 
extent, and at any speed of delivery req~ired, either in Europe, America, 
or India, as the case may be. Dr. Summers does not understand the 
entire change in programme, which is possible with modern machinery, 
as compared with purely manuallabo\ll'. He himself has never employed 
more than an odd portable engine and pump, on any of the works with 
which he has been connected. 

(b) RATE OF INTEREST CHARGES ON CAPITAL OU1'LAY.-Dr. Sum
mers' next argument is that the rate of interest. at which charges 
should be calculated, is not less than 6 per cent .. These charges 
will not begin to occur, probably, for another. year or more, 
and capital will be gradually borrowed for lllany years. Already the 
rate of interest for money is beginning to drop in London, and quite re
centlya well known Indian Railway Co., rencwed its 5l per cent. deben
tures, without difficulty or delay, at 98. It is hopcd that by the time 
borrowing is heavy, and interest becomes a large itelll, t:Q.e rate will have 
fallen to 5 per cent.: but in any.case the 5 per cent., rnle had to be adopted, 
by the officel's preparing the project, as these were then the standing 
orders, for all projects, issued by the Government of India. It is not 
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proposed to rai~e·al1 the money at once, while money is dear, though no 
doubt Dr. Summers would like to see this done as another instance of 
the unreliability of the estimates. The margin of profit on the project 
is sufficient to cover an increase in the rate of interest, though it is hoped 
this w ill not ~e necessary. 

(e) GROSS REVENUE RECEIPTs.-Under this heading Dr. 
Summers makes some most startling assertions, which, if true, would 
certainly show gross miscalculation in the revenue estimates. We will 
assume that Dr. Summers really believes these startling dis
coveries, though it is difficult to understand why he rushes into print with 
such rubbish, without taking the trouble to verify his statements from 
the Project Reports placed at his disposal. He states" in the eighth year 
• • . . the average rate per acre being raised from Rs. 2' 8 to Rs. 4'0, 
not only on the new area (200,000 acres) irrigated from the new canals, 
but also on the area of 2 million acres that are receiving their irrigation 
from the existing inundation canals. Just think what this means! " 

It is a pity Dr. Summers himself did not think, and verify his 
statements, as he could ha~e done. Here it may be explained that, in 
the estimates, the revenue in eighth year, corresponds to the cultivation 
in the seventh year, and similarly the cultivation in any year is credited 
in the following year's financial statement. This is explained in p~ra. 247 
of Volume V. Actually, in the eighth year's revenue, (seventh year's cul
tivation), only those areas of existing cultivation which will have been 
converted to the improved supply, by that year, are charged at the 
increased rates; the balance of existing cultivation being charged at only 
present rates, as shown above, in the reply to Extract B. 

Dr. Summers says that "from the 8th to 12th years, the existing 
canals will to a greater or less extent be receiving their supplies from the 
existing canal system. Why then should they be assessed at the higher 
water rates of the new system 1 " 

This statement is incorrect. Each existing canal will be converted 
to the new system entirely during one rabi season, and thereafter will 
receive water only from the new system. Until such change is com
pleted, in anyone section or canal, the old water rates will remain in force. 
Thereafter, with the new assured supply, the new rates will apply. 

He says, " The new barrage canals will undoubtedly benefit the 
700,000 acres of rabi irrigation, (existing), but it is not clear how they can 
be expected to very greatly benefit the kharif" (existing). 

If the latter point is not dear to Dr. Summers, he has failed 
entirely to grasp the difference between an uncertain inundation supply, 
fluctuating greatly in quantity and level, and the absolutely assured 
supply, at the constant level necessa.ry to command the land, which can 
be guaranteed only by the ba.rrage. 

During the disastrously low inundation of 1918, and the very poor 
one of 1920, hundredl\ of thousands of acres of kharif crops perished, or 
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could not be sown, owing to the fluctuation of the river, and its failure 
to rise to a fair irrigating level, Jor the existing inundation canals; yet 
an . immense vollUne of water was flowing in the river, at too Iowa level 
to be of any use. Had the Barrage and its Canals been in existence, 
there would not have been the slightest deficiency in the irrigation supply 
for present cultivation, or for the anticipated future developments, either 
in the kharif or rabi seasons. 

Yet Dr. Summers cannot see how the Barrage Canals" can be 
expected to very greatly benefit the kharif." 

(d) REVENUE FROM NARA RIVER CANALs.-Dr. Summers 
expresses grave alarm and surprise at the increase, in area and assess
ment estimated for, in the project, on this system of Canals, only two 
years after the completion of the Barrage. 

He omits to give any explanation of how these increases are arrived 
at, or what they really represent in development· of the tract. 

In the first place, it should be explained that all the canals oIt this 
system depend for their supply on the Nara Supply Channel, which takea 
off from the River Indus at Rohri, and of which the level and supply 
fluctuate with the natural level of the Indus. 

A reading of 12 feet, on the Bukkur gauge at Rohri. is required in 
t.he Indus to give full supply to all the canals; and directly tIle river falls 
bp\ow this Il'vl'l, (and some years it does not reach it at all). the supply of 
t.he canals falls below the full designed discharge; and Kharif cultivation 
suffers. In the ('old weather (rabi) season, the supply in the Nara River, 
for all canals, fluctuates within very wide limits, and in several years 
recently has almost, or entirely, failed; so that rabi cultivation, on all the 
canals of the system, is at present a pure gamble, and the cultivator can 
newr foresee his crop arrangements, or be sure of maturing the crop he 
has planted. 

Under the present project it will be possible to guarantee, a larger 
supply than is at present required, both in the Kharif and Rabi seasonq, 
the moment the Barrage comes into operation; so that even without any 
improvements to the existing canals, (but with tIle new head to the Nara 
River, which is to be completed simultaneously with the Barrage), all the 
canals coulcl at once work up to their full present capacity, with the 
certainty of heing able to mature all crops sown. All cultivators will 
bp. eagerly watching t.he progress of the 'works, and will be fully informed, 
in the previous year, when the guaranteed supply will be available. It. 
might be assumed therefore, very reasonably, that the area of cultivation 
t.hat year, and 'still more in the following year, would be at least equal to 
the maximum cultivation hitherto done on the existing canals with 
a very uncertain supply. Actually, as will 'be shown later, a much 
more moderate assumption has been made, in the forecast of cultivation 
for the project. Dr. Summers quotes the cultivation figures for the 2nd 
year after C'ompletion of the Barr~ge, i.e., four years before the 
completion of all the canal improvements. Let US see the state of aU 
canals in that year, 



III 

THE JAMRAO CANAJ,.-The improvements to this canal will be 
one-third completed, and the remainder of the existing canal will be 
able to obtain its present maximum supply . 

.M JTHI!AO CANAJ,.--Same as above . • 
. THAR CANAI .. - The enlargement of this canal will be completed 

the same year as the Barrage, and it will be able to take the full improv
ed supply, direcUy the Barrage operates. It is to be worked as a kharif 
canal only, and will be given a supply of 3,400 cusecs, for rice cultiva
tion on 85 per cent., and for other kharif on 5 per cent., of the culturable 
area. Its present designed full supply is 1,500 cusecs only, but it has 
carried, once, as much as 1,864 cusecs. Rice is an eagerly grown crop 
whenever water is available, and it might have been reasonably assumed, 
that nearly the fnlI area would be in cultivation two years after opening. 
This has not been assumed, however, and only 25 per cent. of the ulti
mate increase has been credited. 

KHIPRA CANAL.-This is to be a new branch. Construction 
to commenee one year before completion of Barrage, and to be spread 
over 4 years. Half the canal will therefore be ready for operation in the 
2nd year after completion of the Barrage. It will command 332,000 
acres of culturable land, and the designed discharge 1,423 cusecs, provides 
for 269,000 acres of cultivation annual)y. But, for safe estimating, no 

. cultivation is allowed for, until final completion of the Canal, 2 yearS later. 

HERAN AND HIRAL CANALS.-No improvements or alterations 
are necessary. These canals will benefit by an assured full supply, directly 
the Barrage operates. 

KARIAS EX EASTERN-NARA.-These will be commenced one year 
previous to the completion of the Barrage, and be completed in 4 years. 
Hence. in the 2nd year after the Barrage operates, half the kariaswill 
be in use. 

• 
Now let us examine Dr. Summers' startling figures. He shows that 

the' present' area of cultivation on the system is 484,679 acres. This 
" present area," as explained in the project, is the average of the five 
years ending 1918-19, as per Gove,nment orders for preparing projects. 

Dr. Summers goes on to show that two years after the completion 
of the Barrage, and four years before the completion of all canals, (when 
they will be in the state described above), it is estimated that the 
cultivation will become 560,150 acres; and he exclaims over this increase 
of 75, 471 acres, or 16 per cent. increase. Now, as already shown, it would 
have been reasonable to assume,at tIris stage,that cultivation had reached 
at least the maximum, hitherto recorded on the existing canals, with 
their uIlcertain supply. In two of the best ·years, 1903-04 and 1905,06, 
the actual cultivation was as shown in the attached statement. 

Beside these figures, for comparison, the estimated cultivation, 
2 years after bringing the Barrage into operation, is .shown. 

Readers, may judge whether these figures are as startling and 
unrealizable as Dr. S\llllmers would have them believe. 



Eastern Nara System. Actual Cultivation excluding Dubari. 
Estimated cultivation in Barrage 

Project 1920, 2 years after Remarks on Project 
1903·1904 1905·1906 Barrage operates. Estimate. 

Name of Canal. 

Kharif. I Rabi. I Total. Kharif. I Rabi. I Total. Kharil. I Rabi. I Total. 

Jamrao .. .. .. .. 180,532 90,969 271,501 175,069 119,106 294,175 163,600 120,000 283,600 Less than actual in 1905-06. 

• 
Mithrao .. .. .. .. 115,598 24,550 140,148 121,499 38,940 160,439 106,000 30,000 136,000 Do. do. 

Rice 64,000 
other 

Thar .. .. .. .. .. 47,894 4,256 52,150 50,978 7,944 58,922 kharil7,250 Nil. 71,250 Estimated increase entirely in' 
rice. 

Khipro .. .. .. .. 3,152 1,690 4,842 4,667 1,589 6,256 Nil. Nil. Nil. No cultivation credited, but a 
large area probable this year. 

Heran " .. .. .. .. 1,516 245 1,761 1,749 105 1,854 700 600 1,300 Less than actual in 1905-06. 
HiraI .. .. .. .. 12,195 8,126 20,321 23,536 10,405 33,941 10,000 10,000 20,000 Do. do. . 
Karias ex Eastern N ara .. .. 25,097 16,339 41,436 39,567 22,719 62,286 28,000 20,000 48,000 Do. do. 

• I 385,984 146,075 532,059 417,065 200,808 617,873 379,550 I 180,600 I 560,150 Do. do. 

Note.-l. In 1903-04 the total area of dubari cultivation, for which a small charge is made at present, (Re. 1 to 12 ann ... for watered crop, and annas 4 to 5 for 
unwatered crop) was 31,345 acres. 

2. In 1905-06 the total area of dubari cultivation was 29,531 acres. . ' . . 
3. When the new canals, with a guaranteed and ample supply for along kharif season, are in operation, th~ a,ea of unwatered duba"i will certainly increase very 

greatly, especially on the Thar Canal, where a great e"tension of rice i. to be provided for. No charge will be made for this crop, and no area is credited 
to the Project on this account. 
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Dr. Summers next proceeds to analyze (or pretends to do so) 
the present and anticipated revenue from these canals. He divides 
the present total revenue by the present total area irrigated, to find the 
present average assessment. As Dr. Summers knows perfectly well, the 
present revenue is the nett revenue, i.e., gross revenue minus remissions 
on account of shortage of water, etc.,-at present a very large and 
important deduction. And the present area also includes a large amount 
of dubari cultivation, for which a very small charge is made. He thus 
arrives at a present average assessment of Rs. 2' 79 per. acre. This is not 
the present average assessment, hut the present average nett revenue per 
acre. 'PUs rate will vary from year to year, according to the water supply, 
and the amount of dubari cultivation. With the guaranteed supply 
from the Barrage, there should be no remission for deficiency of water; 
and there will be a great increase of dubari, none of which is included in 
the project figures for area of cultivation, and for which no charge 'ispro
posed to be made. Thus even with the present assessments, the future 
average revenue per acre, on project areas, would be considerably higher 
than the present. Had the dubari areas been included in the project 
statements, the average revenue per acre would appear much- lower. 
Dr. Summers works out an average revenue, (he calls it assessment), from 
the project figures which he quotes, of Rs. 4' 89 per acre. 

This is pure juggling with figures, and has no real meaning. The 
actual assessments to be charged, and the present assessments, for each 
kind of crop, are clearly stated in the project. They are the same as 
for the Rohri Canal, whose commanded area adjoins, and they are set 
out in full detail in Volume XX and in Sect. III, Part IV, Vol. IX of 
the Project, with the reason and justification for all increases. -

Dr. Summers now goes on to discuss the water-supply under the 
project, and starts by saying that the cultivators will not receive any 
increase. He proceeds to work out the Full Supply Factor on the exist
ing Jamrao Canal. Now the term F.S.F. is little used in Sind, and is not 
a measure of the water supply to crops. It is a measure for designing 
the full section of the canal. The term was evolved in the Punjab, and 
has been clearly defined in the" Glossary of Terms" by Mr. H. W. Nichol· 
son as follows:-

"FULL SUPPLY FAcToR.-The area irrigated during the erop by 
one cusec of capacity (authorised full supply) at the head of the channel. 

Note.-The controlling factor in the design oj a channel is the 
kharif F.S.F., as the kharif area is limited by the capacity of the channel, 
whereas the rabi area is limited by the supply available." < 

In the same book, on the preceding page, appears the following 
definit.ion :- -

.. THE MEAN SUPPLY.-In a channel is the sum of the daily dis
charges of the channel divided by the number of days in the crop. This, 
t/IC/'r'fore, is a measure of tlle water used, alld is tlle (me to take as tile basis of 



114 

comparison between various years and canals, because the base is com.num 
and wnstant." 

Dr. Summers fully understands the difference of these two 
expressions and has adopted the incorrect method of comparison, 
by F.S.F., simply because the result is misleading in favour of his argu
ment. He adGPted a similar fallacious method of argument in his 1910 
Report on the Rohri Canal, in order to dispute the duties reeommended 
by the then Chief Engineer for Irrigation, Mr. Hill (vide pages 29 and 30 
of the 1910 Report on Rohri Canal). 

Now let us examine the actual figures given by Dr. Summers. 

He says, "at present the Full Supply Factor (F.S.}'.) on the 
Jamrao Canal for dry crops is 45. This means that this canal irrigates 
45 acres to each cusec of its full supply, taken at 3,470 cusecs as actually 
observed. Its estimated full supply was 3,200 cusecs, on which it irrigates 
50 acres per cusec." 

Dr. Summers omits to mention that the discharge" 3,470 cusecs 
1tS actually, observed" has only occurred on one day (the 19th August 
1903) in the whole 23 years that the canal has been in operation. The 
average kharif full discharge of the canal is now about 2,300 cusecs only 
and the maximum about 3,240 cusecs. 

Again Dr. Summers very carefully omits to give the cultivation 
figures from which he calculates the F.S.F. of 45 on the 3,470 cusecs dis
charge. Actually the cultivation, figure on which he has calculated is 
156,575 acres of kharif (one of the lowest on record) in the year 1906-07, 
i.e., in another year altogether to that in which the discharge he uses 
occurred. Could anything be more dishonest than such a statement ~ 

It is exactly analogous to a man estimating the average cost of 
a number of goods, by taking the total amount spent in one year, and 
dividing by the number of goods purchased in another year. Actually 
in the year 1903-04, when the greatest discharge was measured (3,470 

, cusecs), the nett kharif cultivation, after allowing' for all remissions, was 
180,709 acres, giving a F.S.F. of 52 instead of 45 as stated by Dr. Summers. 

But as already pointed out, the F.S.F. cannot be used for compar
ing t.he water supply of different canals or diHerent years. For this pur
pose we must adopt the" Mean Supply." For the year 1903-04 in which 
the gre'atest discharge occurred, the mean supply during the kharif season 
was 3,101 cusecs, and as the area grown was 180,709 acres the duty 
obtained was 57, while the mean supply in 1905-1906,irom which year 
Dr. Summers takes his, area of cultivation, was 2,643 cusecs, giving a 
duty of 64. 

In the year 1913-14 the mean kharif supply was 2,123 cusecs, and 
the nett kharif crops 174,971 acres, giving an actual duty of 82 for all 
kharif crops. 
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In the year 1908-09 with mean supply 2,363 cnsecs, the actual 
kharif duty was 77; in 1916-17 with 2,132 cusecs the duty was 76

0

; and 
in 1912-13 with 2,326 cusecs the duty was 74. These are all actual duties 
obtained in years with a fairly satisfactory, but fluctuating, supply. Yet 
Dr. Summers says that for an absolutely guaranteed supply, a duty of 78, 
as adopted in the 1920 Project, is impracticable. Not content with this 
misrepresentation he goes on to further false statements. In the first 
place he says that 78 is the F's.F. adopted In 1920 Project, and that 
this is equivalent to a duty ofo about 97 acres to each cusec of average 
supply. This is not so. 78 is the duty on normal full supply (2,406) at 
canal head, the Jamrao and all other canals of this system being treated 
38 bra1id1e8 of the E. Nara. 

This normal full supply is to be run throughout the months of May 
tc September inclusive, i.e., for five months; while during March, April and 
October, a smaller kTw,rif supply will be run, (but at the same duty),for the 
smaller areas requiring water, during the sowing season, and reaping 
season, respectively. Including these months, the mean khaNf supply 
will be 2,066 cusecs, and the mean duty onfuU furif area will be 91. But 
the mean duty on the area of crops, actually standing, remains constant 
throughout, and is 78 at canal head. Similarly the rabi duty remains 
constant throughout the crop, and is 156 at canal head; while on canals 
with rice cultivation, the duty for rice is a constant 39 at canal head. 

Dr. Swnmers goes on to criticise the estimates of net revenue in 
the Eastern Nara system of the project, and has quoted figures which 
he suggests are sensational. 

He states, without any arguments to support his statement, that 
the estimated revenue" could not possibly be obtained from this tract," 
and he adds that this is more than double the revenue forecast made by 
Mr. Lucas in 1910, and by Messrs. Baker and Lane in 1919. 

He omits to mention that none of those officers made any proposals 
for improvements and extensions, as has been done now in the present 
project. IIlr. Lucas retired from Government Service several years 
before the present project was commenced, but use has been made, and 
acknowledged, of his wide knowledge of the tract. 

Messrs. Baker and Lane, by a misinterpretation of the Govern
ment orders, omitted in their Report to provide for any extensions and 
improvements of the existing Eastern Nara system of canals, except to 
assume that they would get an assured supply from the Barrage; 
though they omitted to provide for the cost of the necessary new head 
to the Nara Supply Channel. This was pointed out to Mr. Baker after 
the suhmission of their Report, and the present proposals for cultiva
tion were all decided in consultation with him, and have been agreed to 
by hhn. . 

The correspondence on the subject is given in Appendix C of Volume 
VI which was placed at Dr. Summers' disposal. The improvements 
were found to be both practicable and profitable; they are necessary to 
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the design of a complete and final scheme, and have therefore been in
clude!! in the project. 

It is curious, to say the least of it, that Dr. Summers has not a. 
word to say against the application of identical rates of assessment, and 
intensity of cultivation, to the estimates for the Rohri Canal, feeding 
the adjoining and similar tract of country. 

Nor does he take any exception to an increase of revenue on the 
Rohri Canal system from the present revenue-Rs. 10,75,400 to Rs. 
46,44,200 in the 10th year aIter the completion of the Barrage. But 
then this, of course, is his pet canal, and nothing is too good for it. He 
protests that the proposed increases of assessments, which will not com
mence to come into operation, (and then on part only of the area), until 
at least 8 years hence, (i.e., aftercompletionof the Barrage), are exhorbi
tant, and that he is convinced the zamindars will not pay them. 
Dr. Suillmers appears to forget that, not only has the cost of works in
creased greatly, but also that the value of crops is more than double 'fhat 
it was ten years ago, when the present assessments were in force, so that 
apart from any improvements to the water supply, there is no doubt that 
th:e cultivator can (and equitably should) pay a higher assessment to-day 
than 10 years ago. But the proposed assessments are for a guaranteed 
supply which even at the value of the crops ruling 10 years ago, would 
handsomely pay the cultivator for the increased assessments. The pro
posed assessments,. during the first 10 years the new canals are open, 
are actually exceeded at present, in some Talukas in Sind, for rice and 
other kharif; while the proposed rate for flow rabi, with a guaranteed 
supply, is very little above the present rates for lift rabi, with a totally 
inadequate and unreliable supply. Messrs. Baker and Lane have dealt 
with this matter so fully and clearly in their Report (Volume XX of the 
Sukkur Barrage Project) that it is unnecessary to go any further. Those 
who are anxious for correct information can get it from this report 
without the assistance of Dr. Summers' juggling. 

(e). MAINTENANCE OF WORKS.-WORKING EXPENSES.-His 

next attack is on the estimate of working expenses for the canals. He 
points out that the working expenses, on the present system of inunda
tion canals in Sind, come to about Re. 1 per acre, and declares that the 
rate Re. 1·2, estimated in the project, is insufficient to meet the up-to-date 
administration of the new canals. He omitS to point out that on the 
existing canals, cultivation is very thin and scattered, requiring lengthy 
channels and troublesome supervision, whereas on the !lew canals, cul
tivation will be far mote intense, and therefore much more economical, 
both in water distribution and in supervision. 

Nor does he point out that the working expenses which he quotes, 
for the Punj ab Canals, includes the cost of maintenance of all their weirs, 
barrages, "and very extravagant (because originally wrongly designed) 
training works. Whereas in the Sukkur Barrage estimates, a separate 
liberal provision is made for the maintenance of the Barrage and Head 
Works, in addition to the rate for working expenses of canals. It is pos-
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sible the estimated rate may be slightly exceeded in practice, but it has 
been calculated with due consideration of all 'the facts, and assuming 
economical and keen supervision. The effect of a possible increase in 
the rate is shown in the Project Report. He furth~r states that no pro
vision has been made for the maintenance and repairs of the new Canals 
before they begin to irrigate. This is incorrect. The total provision for 
maintenance and repairs during construction is Rs. 11,65,133. Dr. 
Summers states that, on the Punjab Triple Canal Project, the 
estimated allowance for this purpose was' about 20 lakhs of rupees. This 
is also incorrect. The actual amount sanctioned was Rs.13,00,657, and 
the actus.l expenditure only Rs. 11,88,923. The Punjab Works were 
spread over a period of 12 years, and as they were almost entirely 
new canals, in uncultivated lands,the new works had to be maintained out 
of capital, until sections were opened. Many of the canals in the Sukkur 
Project already exist, and will benefit as soon as the Barrage operates, 
i.e., after 6 years, so that the provision for maintenance of improve
ments, will be assisted by the provision of working expenses per acre of 
cultivation. By the ilarne arrangement the extra heavy cost of running 
expenses, during the transition period of existing canals, to which Dr. 
Summers refers, is assisted by the provision for 'maintenance during 
construction. 

He ends his first article by a sweeping undertaking-unbacked by 
any financial guarantee-to prove to the satisfaction of any committee 
of experts, that the project is totally unsound. 

We wonder who would pay the piper for this committee, and for 
the enormous loss to the country, due to delaying these great extensions 
of cultivation, should Dr. Summers not succeed in making good this bold 
proIllise. 

EXTRACT D AND DR. SUMMERS' COMMENTS THEREON. 

Dr. Summers' second article (see '~Pioneer", dated 7th January 
1922) is an attempted defence of his alternative scheme for theRohri Canal 
alone, without a Barrage, and omitting any provision for improving the 
Right Bank Canals and the Eastern N ara System. 

He repeats the inaccurate statement he made in reply to erlract 
A, (vide beginning of this note), viz., that the Rohri Canal, as propospd by 
him, is not an inundation canal, but is a perennial canal of ,the type of 
the Upper-Jhelum Canal. It is only necessary to repeat that the lowest 
natural river level ever recorded at the head of the Upper Jhelum Canal 
was 8' 6 feet higher than the Full Supply Level of the can~ (invariable 
all through the year) ; whereas the lowest natural level recorded in the 
Indus, at the head of the proposed Rohri Canal, is 8'7 feet lower than the 
Kharif Full Supply Level required to command the land without rotations. 

Again Dr. Summers attempts to show that if the Barrage is to 
be made at all, it should be started after the Rohri Canal. He repeats 
the method of misrepresentation he adopted in reply to Extract B (see 
ante) by quoting only the areas of new cultivation to be irrigated in the 
8th, 9th, 10th & 11th ;rears, and omitting all mention of the V8..\Jt areas 
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of existing cultivation, which will at the same time be immensely bene. 
fited, by the guaranteed supply at Full Supply Level, as soon as the 
Barrage operates on the new canals. These areas are shown in the fol· 
lowing statement, for the years quoted by Dr. Summers. 

It is hoped that they show conclusively the very great advantage 
of having, the Barrage ready to operate, directly the first sections of the 
canals are ready., The figures also show, incidentally, the relative im· 
portance of the Rohri Canal System, and the other Canal Systems, and 
why, with the Rohri Canal alone, it would not be very profitable to operate 
the Barrage as soon as the first section of that canal was ready. 

On this canal system, there is less existing cultivation, which can 
benefit immediately by the Barrage, than on either of the other two canal 
systems. 

The improved guaranteed supply, to existing cultivation, brings 
in an immediate and great return of revenue to the project,. whereas 
new cultivation has to develope slowly. Much of the Rohri Canal area 
is very far from the head of the canal, so that a great and expensive 
length at the head has to be made, before there is any return. 

Existing Total 
Existing 

New cultivation Total - cultivation. cultivation cultivation cultivation. 
benefited. benefited. un· 

benefited . . 
Acres. Acres. Acres. Acres. Acres. 

7th year-
Rohri · . · . · . 88,000 210,320 298,320 446,980 745,300 
E. Nara .. · . · . 75,471 480,279 555,750 4,400 560,150 
Right Bank Canals · . 72,035 447,382 519,417 446,275 965,692 

Total .. 235,506 1,137,981 1,373,487 897,655 2,271,142 

8th year-
Rohri · . · . · . 97,600 210,320 307,920 446,960 754,900 
E. Nara .. .. 118,871 480,279 599,150 4,400 603,550 
Right Bank Canal. · . 101,529 576,019 677,548 317,638 995,186 

Total .. 318,000 1,266,618 1,584,618 769,018 2,353,636 

9th year-
Rohri · . · . · . 151,200 315,380 466,580 341,920 808,500 
E. Nsrs .. · . · . 192,271 484,679 676,950 .... 676,950 
Right Bank Canal. · . 130,484 575,429 705,913 318,228 1,024,141 

Total .. 473,955 1,375,488 ,1,849,443 660,148 2,509,591 

10th year-
Rohri · . · . · . 165,600 315,380 480,980 ,351,920 832,900 
E. Nara .• · . 255,671 484,679 740,350 .... 740,350 
Right Bank Canal. .. 243,030 743,819 986,849 149,838 1,138,687 

Total .. 664,301 1,543,878 2,208,179 501,758 2,709,937 

11th year-
52,900 995,300 Rohri · . · . · . 338,000 604,400 942,400 

E. Nara .. .. 299,071 484,679 783,750 .. , . 783,750 
Right Bank Canal. .. 312,326 848,460 1,160,786 45,197 1,205,983 

TotaJ .. 949,397 1,937,539 2,886,936 98,097 2,985,033 

, , , 
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EXTRACT E. AND DR. SUMMERS' COMMENTS THEREON. 

Dr. Summers says that if (the head of) the Rohri Canal is made 
above the gorge (at Rohri) it does not follow that the Barrage should 
be located above the gorge. 

He gives no reasons for this extraordinary statement, which is 
contrary to all established practice and theory, in the design of weirs to 
supply canals. Either Dr. Summers is profoundly ignorant of the most. 
vital function of a weir or barrage, or he is again trying to mislead his 
readers. 

Every solid weir contains a certain indispensible number of scouring 
sluices, and a barrage proper consists of nothing but scouring slUices. 
These are so placed as to be able to scour away any deposits of silt that 
may accumitlate in front of th~ canal head. The scouring sluices, and 
therefore the weir or barrage of which they form part, can only be placed 
at a distance from the canal head, when the depth of water is so great that 
accumulations of silt will not affect the head of the canal, e.g., in the 
case of a reservoir of great depth, supplying at a level much above the 
river bed at site of dam. But in all works on comparatively shallow 
rivers, carrying great quantities of silt, like the Indus and the Punjab· 
rivers, it is a sine qua non of design, that the scouring sluices must be 
immediately below the canal head, so as to completely control silt accumu
lations in front of the canal regulator. If the Snkkur Barrage were placed 
below the Rohri gorge and the Rohri Canal Head above the gorge, the 
Barrage would be utterly nseless and ineffective for this purpose, and the 
canal wonld be liable to silt np completely in a few months, or perhaps 
weeks. Dr. Summers' suggestion is astounding, and discreditable to 
any irrigation engineer. He can only have made it in a spirit of sheer 
vindictive contradiction, to combat every possible point in the design of 
the present project. It is an illustration of the ntter weakness of his case, 
and the dishonesty of his criticism. 

EXTRACT F. AND DR. SUMMERS' COMMENTS THEREON. 

He proceeds to quote opinions, expressed by retired engineers, 
many with distinguished records. Most of his quotations, however, are 
ancient history; others are by engineers with little or no personal know
ledge of the Sukknr Scheme, and none of them have had the opportunity 
yet, of studying the present project, which is not yet out of the press. 
Their recent information has been obtained from Dr. Summers, who alone 
was permitted to see the. copy sent to the Secretary of State. This note 
should show the degree of reliance which can be placed on information 
given by Dr. Summers. 

The remainder of his reply to this extract is wearisome repetition 
of his previous ex parte statements. 
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EXTRACT G. AND DR. SUMMERS' COMMENTS THEREON. 

Here is more wearisome repetition and v~01le criticism. He says 
that" if the flow through the gorge is interfered with in any way, as it 
would be by the Barrage below it, the river is likely to be diverted from its 
present course." The Barrage will cause no interference whatever to 
the flow through the gorges even in the biggest floods. Calculations show 
that with a flood of 1,500,000 cusecs, which is more than 50 per cent. 
greater than the maximum flood ever recorded, the afilux at the Barrage 
would be barely one foot, and that this would almost entirely disappear 
at the gorges 3 miles above the Barrage. 

Dr. Summers quotes a note written by Mr. H. F. Beale, while 
Chief Engineer for Irrigation, in which he stated that, if certsin works, 
once proposed by Mr. Hill were carried out above Rohri, these would 
cause a raising of the flood level above the gorges: and that in this case 
it would be necessary to provide protective and training works· above 
the gorges. These works above Rohri have not been constructed, and 
are not now proposed. Moreover the outline of the present project, 
which showed there was no necessity for protective works above the 
gorges, was approved by }Ir. Beale himself, at a later date than his note 
referred to above; and the detailed project, now submitted, was prepared 
to his instructions as Chief Engineer for Irrigation. 

Dr. Summers makes a second quotation from Mr. Beale's note, 
and gives it in inverted commas, to show that possible silting in the gorges 
"would cause further rise in flood levels, and cost for protective 
works." 

This quotation is not Mr. Beale's own remark at all, but is a quota
tion he himself makes from his predecesso:r;'s note; and which he sets 
out to show is unjustified. 

Dr. Summers adds that, when Mr. Beale wrote his note, the Barrage 
Gates were designed to hold water up to a level of 192 only, whereas they 
Juwe now been increased to 194·5. 

:Mr. Beale himself sanctioned, and strongly approved, this increase 
III the height of the gates. 

Dr. Summers' statement, that with the increased height of gates, it 
will be necessary to operate them in every month of the year, is entirely 
incorrect. When the Bukkur Gauge reads 12 feet. none of the Barrage 
gates will need to be operated, as the naturnl river level will then be 
high enough to give Full Supply Level to all canals. 

During the past 72 years, for which daily-records are available. the 
average monthly gauge reading at Bukkur has been more than 12', as 
shown in the table below. In the other years, the gauge reading has 
been more tnan 12' for part of the month. as shown. 
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Average Gauge read-
monthly ing over 12' Total out 

gauge read- during part of 
ing over 12' of month in 72yeam. 
during past remamrng 

72 years. years. 

June 5 years. 28 years. I 33 years. 
July 37 

" 
25 

" 
62 

" August 51 " 
14 

" 
65 " September 5 " 

28 
" 

33 
" 

In the months when Bukkur reads less than 12', partial regula
tion will be done at the Barrage; as many gates, 8.!1 necessary, being 
closed, to head-up the river to the required level. 

In such low-river seasons any slight extra silting, that may occur 
above, in, or below, the gorges, can do no possible harm, and will be rapidly 
scoured out again, by the next large flood; this action goes on every 
year, at present, with the natural river. Such silting, if it occurred, would 
:have no effect on the canal supplies; as the approach channels, in front 
of the canal head regulators, can be kept clear of silt at any time, by 
the operation of the Barrage Scouring sluices. 

This is one of the principal functions of the Barrage as explained 
previously. 

Dr. Sunnners ends by a plea for a Committee of Experts to examine 
the Project. His main excuse is, that the site of the Barrage has been 
changed, "owing apparently to a. misunderstanding as to the 1913 
Committee's recommendations." There has been no such misunderstand
ing. A suggestion made by the Committee has been adopted, and a site 
selected below the gorges, not quite where they suggested, but one which' 
has all the advantages they pointed out for such a site, and none of 
the disadvantages. 

EXTRACT H. AND DR. SUMMERS' COMMENTS THEREON. 

Dr. Summers again harps on the estimates and rates for work. In 
proof of the incorrectness of these rates, he shows that in Vol. I the 
estimated rate for concrete on the Barrage is only Rs. 17-8 per 100 c.ft., 
while in Vol. V of the same project, but dealiug with the canals, the 
estimated rate for concrete is shown as' Rs. 26. From this, he proves 
that the rate In Vol. I is 33 per cent. too low. Apparently, Dr. Summers 
does not know that locality, and source of supplies, makes any difierence 
to the c~st of concrete. At the Barrage, we have an unlimited supply 
of splendid concrete metal, available within a mile or two of the work; 
and vast quantities of repetition work will be done in the works-yains. 
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On the canals it will be sometimes necessary to carry materials 
many miles, or to burn bricks specially for breaking into concrete metal, 
on small isolated jobs. Whether each rate is sufficient, or not, this com
parison of the two rates, on equal terms, is nonsense. 

What is the value of such puerile" criticism "? 

Is Dr. Summers appealing to an' audience of silly amateurs, or is 
he trying to deal seriously with engineers who know the conditions? 

EXTRACT K. AND DR. SUMMERS' COMMENTS THEREON. 

Dr. Summers merely repeats, ad nauseam, the expression of his 
!ndividual opinions, already given in his' replies to other extracts, and 
these have been answered earlier in this note. 

It is hoped that this lengthy note, dealing with all the points raised 
by Dr. Summers, will convince readers that those resp?nsible for the 
project have nothing to hide, and nothing to fear from full and open 
discussion. To answer, and to exhibit the dishonesty of Dr. Summers' 
methods of "criticism," has involved the expenditure of a great deal 
of labour and time, which would have been unnecessary in answering an 
honest critic. In future his attacks will not be answered, though it may 
be necessary for Government to take other steps, to prevent his delibe
rate and injurious 'misrepresentations. 

mes Pr .... Bombay-'-90 •• 28 11,..t'j. 


