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APPENDIX A. 

Brief History of the Sind Triple Canat Project. 

The project for tl\king a Canal from Rohri to Hyderabad had been twice 
abandoned, once in 1872; and again in 1892, when in 1904 Dr. Summers brought 
it forward for the third tin\e. 

In December 1904, he asked Government for permission to make a survey" for VoL 6, R. C. 

a canal from Rohri, across Khairpnr territory, to feed Dad, and after pointing out =~. II~~' 
its in\mense advantsges, said: "The continuous incresse of irrigation in the Punjab 181. 

will eventually force a weir upon 118-, but the canal now suggested would answer for 
many years to come, and when a weir becomes necessary it can be made to com-
bine with this canal and one on the Right Bank, etc." 

In October 1905, he obtained perrniBBion to extend the survey so as to take Do. 181.183 

in the Central Hyderabad Canals and the lift land of Fuleli. The canal would tail 
to the" Dhoro Pllran, bel~w the Jamrao tract. 

Early in 1906, Mr. J. Benton, Inspector-General of Img' ation, visited Sind to Do .200·201. 
enquire into the possibility of perennial canals, and in his note dated the 15th 
August 1906 suggested what investigations were to be m~de for a weir and canal 
with off-take at Rohri. 

The Government of India, in forwarding this note (in the letter No. 1735. dated. Do. 192-199. 

the 11th November 1906), suggested to the Bombay Government that the in,creas-
ing cold weather withdrawals in the Punjab, would very likely dimiriish the sup-
plies entering the inundation canals in Sind, pointed out the unsatisfactory con-
dition of Sind, as regards low percentage of irrigation to culturablearea, and high 
proportion of lift to flow; and its favourable condition as regards proximity to 
the seaport of Karachi, and suggested tbat the eventual requirements of Sind 
would probably ile met by canals taking off from weirs constructed .. t-o 

1. Mithan Kote. 

2. Sukkur or Sehwan. 

3. Kotri or Jherruk. 

For the present, however, the second systell\ only need be considered. 

In the meantime Dr. Summers had already sent up his rough proposals for the 
Rohri Canal as under :-

Culturable area colI\II\8Dded 

Annual irrigation 55 per cent. of above :-

Viz., Kharif 
Babi .. 

825,000 
550,000 

2,500,000 acres. 

o ___ 1,375,000 



O"h ..... 
from lb. I; 

Hill'. DOM 
wi~propo. 
.... pag. 
187 io 190 of 
VoL G. 

File 88 A 
(1906). 
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Proposed rate of assessment per acre 
Duties. Kha rif 

" Rabi 
Kharif discharge 

Bed level at R. L.172. 
Bed width, 200 feet. 
Cost, 386 lakhs. 

68 
no 

&. 3'33 

12.134 cusecs . 

F. S. L. at 186. 
Bed slope 1 in 10,000. 
Returll 6'14 per cent. 

For the head of the !lanai he made alternative proposalE. :-(1) between the 
ranway bridge an4 Sateanjo Than (just below railway) IUld (2) at the same Bite . 
as the Nara mouth; and recommended the former,because it avoids crossing the 
railway and the other difficulties presented by hills and the Rohri town. He sub
mitted an estimate of &.1.76,889 for making a detailed sUi"Vey and drawing up de
tailed plans and estimatea. In forwarding his propoeals he said that the Rohri 
Canal can be made without a weir, and the extra cost of excavating the calial 10 
feet deeper than would be necessary with one, would be paid off in a very few yean 
by the interest saved by postponing the weir; Bnd the risk of financial.failure is 

avoided. 

. 
The Chief Engineer for lrrigation (Mr. A. Hill) commenting on the proposal 

statea :-

VoL 6, _ 1. That the assessmen~ rate would prohably be higher than Rs. 5'5 which is 
188, pam. 3. the Punjab rate, as Sind is more favourablyaituated. 

Do. 4. 

Do. 8. 

2. More than 55 per cent. of culturable area may be irrigated as abundant 
water is available. This percentage has been reached and exceeded in some places 

in Sind.j 

3. With a weir, canal can be made to run full in Rabi, the proportion of Kharif 

to Rabi should be inversely as their duties, W., 854,000, and 580,000 respectively, 
and a canal with 8,000 cusecs discharge would suffice. 

Do. pua 10. 4. The Bateau Head is unsuitable because (a) the river here has a velocity 
of 15 feet per second; the water On entering the canal would have ita Velocity check
ed to 31 feet, and the upper reaches of the canal woUld rapidly silt up. (b) It would 
not have the benefit of the weir. (e) With a head at Nara Mouth, whatever mea
lures would be adopted for keeping the mouth clear, would be common to both. 

5. The bed level is too low. In Kharif water is high enough and such a low 
bed ia not wanted, for Rabi a weir will be wanted and the low-level canal will then 
be a nuisance. The low bed would be from 10 to 7 feet below the subsoil water 

I 
level in the lint 11 miles and would add to the cost and difficulty of excavation. A 

Vo . 6, page ~. . 
190, pam. 11. auitable bed level for the Right Bank Canal III 180, and that of the Nara 111177. The 

bed level fo:t the Rohri Canal should, therefore, be between 177 and 180. 

6. The Rohri Canal is part of the larger scheme comprising a weir with Right 
11<>. para. 11. . h Ea N . Bank and Sukkur Canal on one 81de, and t e stem ara and Rohri Canal on the 

other, and should be designed accordingly. 

Do. p .... 11. 7. The saving of a few yean interest of cost of we!r would be small compared 
with the loss of revenue occasioned by putting back the full development of Sind. 

8. Head of canal must not be liable to be blocked by silt and for this reason 
the weir is necessary. 
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9. Without a weir there would be no confidence in the constancy of supply 
and without confidence irrigation will not develop. • 

The Bombsy Government when submitting the above proposals to the Govern- '1'01. GJ pa ... 
• 184·117. 

ment of India (letter No. W.I.-2635 of 24th October 1906) also subrutted a rough 
plan and estimate for Suklrurweiramounting to about 150 lakhs prepared by Mr. 
Sprott, Superintending F;ngineer and Secretary, Indus River Commission, and 
included an estimate of &. 17,667 for further surveys and investigation for weir. 

In January 1907, Mr, Benton again visited Sind and has done annually ever Do. pac •• 

• inoe. In his nota dated the 29th January 1907 he states that:- 101·108. 

1. In order to exhibit proposals in their true financial aspects, the triple ~~:2r.r. 
Moheme and weir should be considered as a whole to command about 7,988,000 aores paraI. 3 ~ ,. 

of ,u1tura DIe land. 

2. A large p~rt of the area under Eastern Nara is not served by any canal, Do. _103, 

and a weir'and extra supply is required to extend irrigatioll. p6"'" 6. 

3. On the Right Bank the contour map shows tliat the existing canals are all Do. para. 8. 

"bout at right angles to the direction they should occupy and money should not be 
expended in improving them, and that there is enormous waste in the excessive 
. Bumber of long parallel water courses. The system has, however, to be sen·ed from 
the Suklrur weir. 

•. The average cold weather bupply at Sukkur is about 39,000 cusece. The VoL 8,_ 

Punjab is already withdrawing 15,000 cusees in cold weather, and the future re- ~r""" 17 

qnirementa for the North-WesternFrontier, Punjab, Sind and Baluchistan is 48,000 
cus.... Deficiency is 48,000-39,000-9,000 CU8eCS. Probsbly in the Right Bank 
Canal, and below Kotri, the tracts being rice lands, Rabi will not develop, and a 
reduction of 4,000 cusecs may be possible. TIte remaining deficiency about' 5,000 
cus ... may possibly be made good by seepage and percolation from the Punjab. 

5. These figures show (1) that Rabi must be limited to the minimum, i.e., Dc. para.26. 

Kharif to Rabi as 1 to 1 ; (2) that the river then just suffices to meet requirements; 
and (3) that the river will be nearly dry below Sukkur, which is aD answerable argu- ' 
mont against constructing an inundation canal. 

6. In the absence of accurate figures, the culturable area to be 80 per cent. Do. pa ..... 

of gro .. area. Annual irrigation to be 60 per cent. of culturable (Kharif 30 and 57·89. 

Ilabi SO) 48 per cent. of the gros. area. Duty at the head of distributaries in North 
of India has been found to be 100 for Kharif and 200 for Rabi. .In Sind, the rain 
fall being negligible, it may be assumed as 85 and 170, J:e8pectively, etc. 

The Bombay Governmellt in Government Resolution No. W.I.-472 of 19th Vol. 6, page 

d
. 209, po"'. 

Februsry 1907, ordere the preparation of plans and estimates for the three pro- 2 01 G. B. 

jacta, the Right Bank Can .. 1 by the Superintending Engineer, Indus Right Bank, 
. the weir .. nd Rohri Can .. l by Dr. Summers, and the Eastern Nara by the Super
intending Engineer, Indus Left Bank Dr. Summers had been made Super
intsnding Engineer on speci~l duty for this purpoae in Government Resolution 
No. E, 63, dated the 11th Janusry 1907 .. 

In December 1907, Mr. Benton is3ued two other inspection notes (not avail· _ I 6 
,,0. I pagto 

aLle) on which the Bombsy Government note with."tisfaction that he has modified 209, para. 3 
0111 R . 

.... ;.. vieWl' "bollt. it being_.te of money to improVll th~ existinll ... nal< on the Rigb 
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Bank. He now states that perhaps more of these canals could be turned to useful 
.. account, and that canals which have yielded good results in the psst, should Dot be 

hastily abandoned. 

Vol8,_ 
220. 

])0. 221. 

In September 1908, Dr. Summers addressed the Joint Secretary to Govern
ment, recommending that the culturable area should be taken at 75 per cent. of 
the gross area, as from figures given by the Colonization officer, this percentage is 
obtained, for Dad and Nasrat the percentage comes to 69'7 per cent. Mr. Hill 
replied that the percentage of the culturable to gross area does not matter, provided 
the area irrigated is taken at 50 per cent. of groB!' area. There is no such thing as 
uncultumble land when water is available, even bare sheet rock being cultivated 
by earth being carted on to them, and he would support Summers even if 60 per 
cent. is taken. 

Do. pages210. Mr. Benton's note of 17th December 1908, among other matters, remarks that 
15, para. 16. in order to have full advantage of the barrage the Nara should be widened to 220 

Do. page 210, feet with Kharif F. S. L. at 191 . 42, the same level as that for the Rohri and Right 
pe.ra.2. Bank Canals. Mr. Hill in commentiog on this, state.. that, as the Nara is cap~ble 

Vol. 6, page 
229. 

of dischargiog all the supply xequired, there is no need for the extra expenSe and 

widening is not proposed. 

Government Resolution No. W.I.-446, dated the 19th February 1909, required 
that Revenue Officers should estimate from data supplied by the Engioeers :-

I. The extent of the commanded area which would be culturable. 
II. Portions which would be likely to become "Kalar". 

m. Percentage of culturable area that would be cultivated in Kharif and 

Rabi. 
IV. The rate that could be assessed. 
V. Population required for full development of cultivation. 

VI. If population insufficient, the extent and rate of colonization possibl .. • 
Dr. Summers in supplying the data to the Collect.or of Hyderabad, guaranteed 

Vol. 6, pages 
230 to 238. water for 705,000 acres Khuif and 470,000 Rabi, without a barrage in. the first 

instance, viz., 30 and 20 per cent. of the culturable area, and suggested that the 
• ~SS<l88ment rates be 3' 5 for the first :five years and then iocreased to Rs.4. The 

Jollector of Hyderabad, Mr. Pratt, after takiog actual facts into consideration was 
of opinion that all the cultura ble land would be taken up and the cultivation reach 

Do. 240·242- the figures given by Dr. Summers within a short period, say three or four yeall', 
and that the average initisl rate of Rs.4 may be expected, and even a higher ODe 
later on. He, however, lays great stress on having an assured Rabi supply. 

In Government Resolution No. W.I.-1539 and 1559, dated 19th and 22nd 
Do. 238·239. Ro C I ill . June 1909, Government states that the assumption that the hri ana w Jpve 

assured Rabi supply without barrage is not accepted, and is probably erroneous. 
The action of the Superintending Engioeer in askiog for revenue estimate.. without 
barrage is opposed to Government instructions, a8 it does not afford information 

Do 
for estimating the value of the three oaDals as a whole. The return from this canal 

. pag.246 . . • 
must take account of its share of ita cost of barrage. On this Mr. Gebble, then ID 

charge of the Rohri Project, agaio referred the matter to the Collector stating thet 
with barrage, the Rabi arel> would be equal to the Kharif, viz., 705,000 acres and 
enquiring in how many years this cultivation would be reached, also whether the 

"litisl rate could not be raised to a higher figure than that given by Mr. Pratt. Mr 
Sale. then Collector. replied that the increased area of Rabi would be cultivated. 
within 8 years of openiog of canal, but he cannot agree to increase the assessment 
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rate to over Its. '4 anticipated by Mr. Pratt, who was somewhat sanguine in giving 
that figu.re as ~he·initialrate. . 

Dr. Summers in April 1909, also suggested that, a~ most of the unoccupied land 
• 

would have ioo val';e greatly increased by the opening of the canal, a part of it should 
be sold ~s it w~uld be of great assistance to the Project. a.;v~rnmeDt Resolution Vol. 6, pagel! 

No: W.I.-1516 of 17th June 1909 circulated this letter of Dr. Summers for report 227 to 228. 

on the best way for obtaining credit ~ the works from this increased value. Mr. 
S.I., Collector of Hyderaba,d, on 5th' November 1909, reported that the present 
value of unoccupied land ranged from nothing to &.5. An assu.red supply to 
these would raise the valne to Rs. 9. The only way to obtain credit to works is to 
postpone ioo outright sa!. till the works are ready, provided the project i.< sanc-
tioned in the immediste future. 

Dr. Summers in October 1909, ""plying to Go"iernment Resolutions Nos. 153 Do. pages 
" , 247·8. 

and 1559 regretted that Government consider him to have acted in opposition to 
in,tructioDs and in giving reasons for Rohri Canal Without barrage, ."howed th~t 
the culturable area is Dot more than 75 per·cent. of gross area. Even with the 
high assessment rllte of n... 4, the scheme with barrage i~ not productive. Judging 
from Bukkur gauge level." the Rohri Canal without barrage can be made with a 

sure supply. He had always intended to submit the projoot according to Govern
ment instructions, but thinks that an alternative project for making canal 
should fin;t be considered. If the first section of canal uIl to Dad is found un-
... tit-factory, the b,,~ge could be completed before the Canal was ready. 

Mr. Hill in No. D.-428, dated the 1st November 1909, replied that the alter_ Do. pogo 

nati";e proposals moy be preplTed and submitted, provided the general project is ill 249. 

no way delayed.' . 

Early in January 1910, Dr. Summers submitted the project according to 
Governmen~ instructions. (This is the Rohri Canal Project, 1909). The Right 
Bank Canal and the Eastern Nara projecoo were also submitted about the same 
time. The rasuloo of these are as undftr:":"" 

Partio..w.. 

Gross area commanded 

Culture. ble a rea .. 
Percentage ofirrigation-

Kharif •. 
Rabi .• 

Ann usl irrigation 

( 
Kharif 

Duties Rabi 
Assessmen t fa te 

.. 

.. 

' .. 

VoL6. 

, Rohri Canal. 

3,086,793 
page 16. . ... 

25} of gros. 
25 area. 

page 18, pam. 
30. 

\ VoL 8. \ 

Ri~ht Bank Can.I. 

2,009,868 
page 8. 

~ .. ~ . 

'30} of gross 
30 area. 

page.6. 

.. 1,543,3961 c:<i • 1,205,920 

.. 85

5 
co page 8, 70 mix. 

.. 170 ~ page 10, 150 .. 

.. page73 4'0 "" page 30, 4' 72 

VoL? 

Eastem Nara. 

1,114,763 
page 2. 

891,811 
page 2. 

30} of cul-
30 tur-

. able 
area 

page 2. 
535,086 

60 mixed. 
170 

4'0 page 2. 

Working expeuses .. .. .. page72.) .' page2271'125 1'00 page 2 . 

Net increa .. d revenue 

Cost of projeot direct aud indirect. 
Retunl of project OIl direct and 

indirect.. .• .. .. 

2.7,74,83:l 
page 64. 
47,776,411 

page 67. 
5'80 

page 64. 

21,25,196 

46,757,882 
page 106. 

4'55 
page 106. 

10,77,259 
page 2. 

14,536,813 
page 2. 

7'40 
page 2. 



6 

-
In the above C08t of projects the share of barraga is not included, though 

the amoWlt of Ra.bi cuitivatioll is dependent on the barrage. Dr. Summers in 
• forwarding the project, shows that the complete triple project (inclnding the COBt of 

barrage which he takes at 324 lakhs) prepared on data not considered 8!1.fe by local 
VoL 6 page officers, gives a return of 4- 2/i per cent. exclusive of interest on outlay during 
XIV_ construction. This shows that the triple project is unremunerative and he is 
Do. page m. . __ .3 L_' be d . b . . 
Do. IV. 

Vol. 6 page 
V and XIV. 

Do. page VI. 

Do. page III. 

VoL 3, pag .. 
I" 3. 

Vo. 31 

JlOt!8 17. 

Page 18-

Do. 20. 

convm ...... t""t It can rna e remuneratIve y constructing Rohri Canal first. 
The barrage, which is necessary for the Right Bank Canal and the Eastern Nara 
can be made later, and about 15 to 20 lakhs per annum could be saved in interest 
and maintenance of barrage. 

As there is a four fellt fall at the 30th mile, the bed can be lowered as far 
as this,' to make the Ra.bi supply in the canal independent of the river level. 
The extra cost of lowering it by a 21 feet would be 20 lakhs and by 4 feet, 35 
lakhs, the former only about a year's interest and upkeep of barrage. The return 
would be 4' 90 and 4' 76, respectively. Without lowering the bed, the canal 
would get a suffi.ciellt supply for the first 2 sections; and even for the whole 
canal while'Ra.bi is developing, say for 15 y .... rs from commencement of work, 
for which period the barrage could be postponed. _., 

In his report Dr. Summers alsoststes that he has'no fear of the Rabi supply 
in the river failing, it being kept up 'from the great undergroWld reservoir, tens of 
thoussnds of square miles in area. This inlmense reservoir is yearly, replenished 
by snow aDd rain, and its level must rise with increase of irrigation in the Punjab. 

In the case of Right Bank Canal, Mr. Karpur's financial statements show that 
10 years after completion the total interest charges exceed the total net revenue by 
65lakh., aDd that the work is therefore unproductive. 

On receipt of these projects, the Chief Engineerfor Irriga~ion on 12th February 
1910, addressed 0.11 the Collectors in Sind, sending them statement~ of probable 
cultivation and revenue expected and asking their opinion for incorpcra.tion with 
the projects. In these ststementf, the total cultivation is tsken hslfthe gl'088 area.. 
The assessment rate is rice Re. 5, cotton R~. 4, other Kharif Rs. 3, Ra.bi Re. 4. The 
duties are: Rice 50, other Kharif SO, Rabi 100, 

The programme of the work will 'be :-
1st year 

6th year 

7th yea.r 

14th yeat .. 

, ,. Barrage o.nd Eastern Nara improvements to 
begin simultaneoUll.ly. 

Barrage completed. Supply channel o.nd Khair
pur canals begin • 

• , Rohri Canal o.nd Shahda.dpur and_ Ratodero 
Branches of the Right Bank Canal begin. 

•• Eastern Nara and Shahda.dpur and Ratodero 
Branches completed. 

19th year .. Rohri Canal completed. 
21st yea.r •• . • Remaining portion of )!,ight Bank Canal begine. 
36th year Right Bank Canal completed. 

The totsl cost of schflme in lakhs of rupees is :
Barrage 
Eastern Nora 
Rohri Canal 

181 
130 
462 

Shadadpur Ra.todero Branches 100 
Right Bank Cana.l remaining portion .'. 361 

Tot:>l ., 1,234 
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The Eastern Nara havin.g an extensive system of canals would show increase 
of cultivation if barrage alone is constructed. Cultivation on Sukkur Canal would 
also increase. Barrage and Eastern Nara should therefore be started first. The • 
southern part of the Right Bank Canal is well supplied at present. The cost of Vol. 3, page 

this Right Bank Canal Project is greater than any other, and the supply required 9. 

is .till under contention. It should therefore not be undertsken until th .. last. 

The Collectors sent their replies two to three months later and gave their own VoL!\, 

figures of cultivatiOlI and rates of assessment which differed more, or less from 
thOAe of the Chief Engineer .. 

Mr. Benton 'during his visit in 1910 confined himself mainly to the technical 
part of the design of hesdworks, and to the programme of work (vidR his note 
dated the 5th March 1910). As an alternative to Mr. Hill's programme, he suggest-
ed that the proposal to start with the barrage and Rohri Canal should also be con- Vol. ~2, Ap- , 

sidered, and financial statements for this should be prepared for comparison with rrdD: I to 

those prepared by the Chief Engineer in his letter to the Collectors. Hie reasons Do. pa .... II;. 

were:-

I. The Eastern Nara tract has a high sprin g level, a sparse population. 
is unhealthy, and in many parts does not admit of intense irrigation. 
The reverse is the case with the Rohri Canal tract. 

II. The Khairpur State will finda program.riJ.e which gives priority to its 
canais ,more acceptable, especially as increased supplies into 
the Nara will lower the river level opposite their mouths. 

III. It is more d,,!,irable to advance the irrigation of cotton in a dry, healthy, 
well populated tract than in one which is just the reverse. 

IV. Ston .. for barrage can be obtained from the excavation of the supply 
channel. 

V. Construction"l, financial and administrative reasons appear to favour 
this programme. 

VI. Additional revenue from Eastern Nara can be obtsined from barrage Vol 12, Ap-

I . h d' . I ' pandiI pa ..... a one Wit out expsn Iture on lUi cana s. 16. 

Dr. Summer's proposal of deferring the barrage should also receive symps. Do. pa ..... 
, 17 to 20. 

the~ic consideration. The saving of illterest and maintenance charges on mrrage 
(54lakhs in 6 years) is certainly an advantage, but there must be assurances .that 
the canal will work succe ... ful.\y, otherwise an inefficient canal will be left on our , 
honds during the 6 or 8 years which will be required for the construction of the weir. ' 
Constructional, financisl and administrative reasons favour this programme, and 
the questions ~ be considered are :-

I. Will the level in the river give the requisite supply without balTage 

during Kharif and Babi ~ In considering this the river level should 
be taken l' 5 above that required in order to force water over pro-~ ..=ra .. 43 

bable small deposits of silt in the supply channels. From gauge 
readings in the psst it can be seen whether the river level will meet 
requirements for the first, second aud third sections. If the 
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shortage is s~1l in amount, it will not be 'ad~quate ground for 
condemning the pro:po&al. " " 

if. Will the iowering of the river level caused by the fresh withdrawal for 
, Rohri 'Canal be such as to affect the Nara and Khairpur Canals, or 
will it be negligible? Large scale discharge diagrams for lower 
levels will show what diminution, will occur. 

III. Will the head POrtiOD of supply channel and Rohri Canal silt Y Mr. 

Vol. 12,pa"", .• 
43, 46 and 47 _ 

Hill is of opinion that without barrage it would silt, there being no 
undersluices, and instanced the Nara channeL To verify this the 
hydraulic particulars of theNar .. chanll3l should be investigated, 
l1iz., ill what years cross floods below 12th caused silting in Nara, 
and what was tha hydraulic slope of the Nata prior to 1906 when it 
was not affected by silt due to the cross floods. Silting from run. 
ning low depths in Rohri Canal and supply channel should also be 
considered separately. The calculated velocities in Rohri.' Canal 
for depths of 6 feet of water and above are gre~ter than their 

Para. 21. 

Para. 5 (i). 

-critical valocities, and show that it would be safe to opeu the canal 
with this depth and upwards. Similar calculations to be made for 
the supply channel for the hydraulic slope available between the 
head an d tail of the ch~nneL 

IV. The supply channel will probably be completed in two or three years 
and can be operated at on ceo If it d~es not silt, the weir can be put 
off for some years, but if it silts the weir can, be started at once, and 
the two or three years' delay will not be of material importance. 

Rega.rding widening of Nara, Mr. Benton stat9S that 'the Chief Engineer's ex
planation does not appear to establish the adequacy of the present size of channel 
and would suggest that the provision for widening should not be struck oil from the 
estimate .. 

Rega.rding the Right Ban k Canal, sin ce it has been foun d to be unpromising 
the Chief Engineer's proposal for elllarging the pres9nt Sukkur Canal to serve the 

, , ",: upper fourth of the t,ract (Shadadpur and Ratodero Branches) should be accepted, 
but nothing should be done that w<,>uld prevent its future extension to serve the 
w hole tract. 

~2~2:il,ra.. Regarding the proportions of !iliacif to Rabi, the latest information about 
seepage, and available supply, beam out the soundness of having equal areas of 

. . 
Kharil and Rabi. The SukI.:ur barrage system should use up only its own sha re 
(about 1~.OOO cusecs) of ihe cold weather supply, alter leaving for the Mithankote 
system. the 8h~re due to it. 

Vol. 2. Pft.Il(·~ 
t:oI3 t(J \t,'}, 

OIl the 25th, 26th and 27th February 1910, .. COllference was held at the 
Government House, Karachi, by the Commissioner, of all the (]qUectors of Sind, 
al>d the Engilleers concerned in the projects, to discuss duties, crops, etc. Messrs. 
Benton and Hill were also present. Another conference was convened by the Colli-

0(1, III" tu 
120. . ~li8sionel, of the Collectors from 12th to 23rd April 1910, to rJiscuss the revenue 

figurel!and rates in detail. The results of these conferences have been embodied 
ii, tha COlUmissionsr'~ report on the revenue prospects of the combined Sind Irrig>l
tlOnal Project.. 
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In this Report the Commissioner points out that the procedure adopted has "IOL I, poP.o 
to Z. 

been to bring the reven ue estimates into conformity with the exigencies of a callal • 
, system of predetermined design, alld to devise such .. distributioll of the available 

land as to bring in a maximum reven us on a specified water supply. It is an in
v.mion of the correct procedure, which should have been based on an induotion 
from ascertained facts and conditions of land, and has consequently caused great 
inconvenience. In the short time at his disposal he- -has collected as much in
formation as was possible, and .though the result is not:as satisfactory as desired, 
the main ststistical results may be accepted as trustworthy. He has estimated 
the future revenue with great care and arrives at the following returns which 
the various projects will pay in their 20th year :-

- Without share of 

f 
With share 01 

I 
8ha.re of cost of 

barra@e. barra@e. barrage. 

Rs. 

Robri Canal . . .. 6'76 5'33 1251akhs . 
Ea"tern Nata improve-

ments .. .. .. 5'37 3'95 100 .. 
Shabdlldpur and Rato- r 5' 56 witb rice 4'25 ~ , 

duty:m-. 
dero Branches .. i 6' 33 with rice 5'05 >- 25 .. 

I 

l duty 40. ) 

Right Bank whole .. 5'19 4' 51 70lakhe. 

The Robri Canal bearing the whole cost of barrage with interest during con
atructioo will pay 4'18 per cent. as under:-

Estimated cost of canal •. 
Interest during coostrucl*on 

Estimated cost of barrage 
IntereSt during construction 

Total 

Lahks. 

Rs. 
.. 469 
•• 40 
--_- 509 

.. 219 

.. 31 250 

759 lakha. 
Estimated net revenue from canal .. 31·69Iakha. 
Return 31' 69 x100 

= 4,-18 per oen t. 
759 

If tlte estimated net revenue for Eastern NarR including Jamrll" 7' 531akhs i. 
added, the return comes to;-

(31' 69+7' 33) xl00 
_ 5'17 per cent. 

759 

The figures of cultivation and revenue arrived at by the Commissioner are 
given in the statements Qttached to his report. 

Do.pageI' 
&; 7. 

hI view of the inadequate return of -the Eastern Nata improvements, he Vol.2, page S 

W1hssitatingly recommends its indefinite postponement. The Right Ban k Canal 
ia not suited to the requirement. of the country, and should also be indefinitely 
postponed. 
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'foUl, page 9 He is also given to understand that the harrage is an ultimate uec_ity 8S a 

VoL I, page 
21 pam. 6," 

Do. pago 1. 

• measure of protection. The COIJstruction of the barrage alone .will give increased 
revenue of 71lakha from Eastern Nara and about 2 lakha from SukIrur Canal. 
The lWhri Canal gives a return of 6' 76 per cent. and is the gre~test irrigational 
want of . the Province. Both these works must, therefore, be undertaken. If lWhri 
Canal can do without barrage, it should be immediately commenced, or if 
barrage is required to ensure its success, it sho~d be started simultaneously with 
the canal. 

He also recommends an estimate to be made to enlarge Sukkur Canal, and 
extend it to feed Ghar and Western Nara to assure their Kharif supply, and provide 
Babi water for waste lands at their tails. It would be a very paying scheme. 

On receipt of the Cqmmissioner's report, Mr. Hill, Chief Engineer, forwarded 
the projects to Government on 8th July 1910. He supports the Commissioner that 
the barrage and lWhri. Canal should be constructed first, and the Eastern Nara 
when required. The best project for the Right Bank Canal has not been prepared 
and will be designed hereafter. 

The estimates recommended for sanction are:-

Barrage 
lWhri Canal 
Eastern Nara 

. . 

.. ,lUI. 

2,19,34,767 
4,49,75,768 

I,16,64,436 

Do. per •. 4. He shows that the increased reven ue due to· barrage from the Jamrao portion of 
!::'.:.., ~. 55, Nara without improvements has been underestimated by Commissioner by about 

one Iakh: ;The return from Nara would therefore be 81 lakhs which, added to two 
lakhs from SukkurCanal, would amount to 10! lakhs. This has been taken in pre

Vol. I, peg. 
2. para. 8. 

paring the financial statements for lIarrage. 

The barrage is ,absolutely essential. No improvements are practicable in 
agriculture without it. The present irrigation is being injured by withdrawals in 
the Punjab and the prospects of future withdrawals are causing great anxiety. 

In the note attached to the.above.letter he states that lWhri Canal without 
barrage is impracticable. (1) According to Dr. Summers the Babi supply will fall. 
to 4,270 cusees. Loss by absorption would be 2,488, leaving 1,782 for irriga
tion, which is insufficient for only 178,200 acres. The cotton alone is 397,760, and 
there would therefore be no Babi. This small quantity distributed over 2 millions 

Vol. 1. pego aores of oulturable land, will be lost in waste.' Kharif revenue only can be depended 
50, pam. 38. on, which will give a return of about 2 per cent. The /ir!,t two sections of the canal 
Do. pera. 39. ' 
Do. page 40. are at present well irrigated and the increased revenue here will not be great. (II) 

The canal would be an inundation one, and any breach in upper reaches would 
Do. pag.41. resUlt in loss of water to all the aWl below. (III) The canal cannot even reckon 

on the above supply on account of silt banks in the Indus like at the moutha of Nara 
!::,~.:ftt 67, and Sukkur Canal. (IV) The canal at head would also silt, and its clearance 

wo~d be difficult and co~tly, the bed being below subsoil water level with very high 
rocky sides where sllction dredging would be impracticable. The closure for silt 
clearanoe would result in water famine and dislocation of the domestic life of the 
population. (V) If the barrage and the Khairpur feeder be constructed first ___ vater 
can be sent down the Khairpur Canals during the working season for labour for 
'excavating main canal. As the main 'lanaI proceeds water can be admitted into 
Dad and Nasrat Canals and 80 on. Without barrage, .... ork will have to be done 
in a waterless country, with the result that (a) tbe time of construction will be 
lengthened, probably by three years, (b} the cost will increase by at least 10 per 
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cent-A'S there will be.no fresli fgdder,labolU' will want more. wages, cattle will die, 
bricks will have to be made where wa~r is tQ be found and carried to site, (c) the 
works will get a bad name, aQd th~ cost of the remainder will materially increase. D 

(VI) Khairpur would object: to an inundation canal pa.eeing through their State, pa';;.,~ 70, 

a. it would be of no advantage to them and only a nnisance. 

Regarding widening of Nara he states that the Kharif requirements of Nara 
.. re Dot 13,500 but 9,850. Tbe Executive Engineer brought this up to 13,iOO to 
make up for Ieee on the way. There is, however, no IORB owing to rock baqier at 
Sukkur diverting the subsoil Bow from river into the Nara. When in charge of 
Ja,mrao he had perBOllal observations for 5 years on discharges at Nara Head and 
at Jamrao Head. The results· are .: For discharges under 10,000 cusecs there is 
no Ieee. For sm~ller discharges of about 1,000, there is a gain. For discharges over Vol. I, pago 
10,000 cuseca there is a loss, and the 10 .. is very coneiderabl~ owing to spill over its 64~ para. 47. 

banks, into large lakes which again restore it when water goes down. Observations .... 
show that a little over 10,000 cusecs are obtsined in Nara, when Bukkur reads 10 . , 
feet, and during the inundation the period when Bukkur reads Ie .. than 10 is ]lIl- .. 

ususl.The widening therefore is Dot .proposed. . 

. In;S.ptember I1nO Dr. Summers submitted his alternative project for COl\struc- VoJ. 12 for. 
. .. ' . .. warding letter 

tlOn of first two sections of Rohn Canal before the barrage. This project IS called poras. 1 '" 2. 

th.·Rohri Canal Project, 1910. The estimated amount is as under:-

Rohri Canal 

Barrage 

Widening Nara 

The net return is as under:-

Rohri Canal 

Total 

Easj;ern Nara including Jamrao . 

Sukkur Canal •• 

Deducl-Maintenance

Barrage 

Net profit 

Totsl 

Rs. 
4,48,12.861· 

3.00,00.000 

40,00,000 
------

7.88.12.861 

31,68,000 

7,.';3,364 

1,20,000. 

40,42,354 

2.,50,000 

37,92,354 

The revenue for Rohri Canal and Nara is as eStimated by the CoDl1uisbioner. That 
for Sukkur Canal is arrived at as under:-

Groee increase estimated by Commissioner 

.Deduct-One-t .. nth land share 

Working expenses at O· 6 per acre 

The return is thU8 4' 8 per cen t. 

Rs. 

20,000 

60,000 

Rs. 
2,00,000 

80,000 

1,20,000 

,. 

, .. 

• 
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Vol. 12 for· The barrage estillll\te prepared by Mr. Baale in accordance with the instruo ' 
~:~7..... tiona of Mr. Benton and Mr. Hill is Rs. 2Ui lakhs. but Mr. Baale dissociated hilD8elf 
6. • from pam of the estillll\te and placed the lowest safe figures at 280 lakbs. 

VoL 12 .... 
poges 22 to 
26, duties 
_26to 
38. 

Dr. Summertt therefore takes a round figure of 300 lakhs. 

In his report Dr. Summers discusses duties in great detail. gives ~tatement.. 
to show the large seepage into the river betwoon Dera Ghazi Khan and Sukkur. and 
between Sukkur and Kotri. and gives the comparative statements Bsked for by 
Mr. Benton in hi.; note dated the 5th March 1910 

Vol. II. po.... Mr. Hill in his comments on this 1910 project. has criticised it very freely. 
5. 
Do. po"'- 4. He states that no allowance has been lllI\de by Dr. Summers for diminution of supply 

in the cansl during Rabi on account of silt. though 11&. Benton had suggested that 
l' 5 feet of silt be aSbumed at head. when oslculating supply available in the csnal. 
Even assuming no silt. Rabi supply "ill fall ir lllI\ny' years. Rabi being insecure. 

Do. po ... UI. the assessment rates cannot'be raised. and the increased net revenue will not exceed, ' 

Rs.9.4O.000. The duty 140, which lllI\y be possible for a volume of water when 
restricted to a suitable area, is insufficient when the same volume is scattered over a 

Do. PO"'" 30. large area. Dr. Summers has taken the average supply as the available supply, 
but this average i8 not obtained in 50 per cent. of the years when the orops will 
wither an d die. 

File No.XXV The Bombay Government in submitting the projects for sanction (in December 
1810·12. 1910) to the Government of India. recommends only the barrage CO!Iting 

Rs. 2,15,55.775 and the Rohri Canal at Rs.4,38.72.843. The Right Bank Canal 
and the Eastern Nara are not proposed to be CODsideredat pre&ent. The Governor 
in Council further rellll\rks :-

Letter No. 
W.I8.·2673 
of 5th De· 
oomber 1910. 

The barrage~timate has been prepared under instructions by Mr. Beale. who 
expresses anxiety on the provision lllI\de for foundation and for pumping. and on 
the adequacy of the waterway; and ,the Governor in Council would welcome full 
critical examination and further investigation on these points. The effects of in· 
adequate waterway would be serioUb causing the river to deflect to the west with 

P .... 5.. disastrous consequences. and the Bombay, Governmert would willingly seek the 
advice of an expert American Engineer. 

The Rohri Canal Project ha. been prepared by Dr. Summers with ability ond 
Por ... 7&10. foresight. He hos also submitted an alternative proposal for constructing canal 

before the barrage, but does not recommend it for the reasons given in the Chief 
Engineer's note. As ~ measure of ordinary prudence. the barrage should form an 
essential part of the scheme. 

The Commissioner in Sfn-d has prepared the reveuue estimates with great care 
P ...... it '" alld extreme caution. and lllI\y be confidently accepted, though the Governor is of 
17_ opinion that ultimately the revenue expected by the Commissioner will be exceeded. 

Pa ... 21. 

The Governor in Council feels diffident iu accepting the estimate of the bar. 
rage for re880Db given above. Mr. Beale ha. point-ed out that other large work& 

have given exceSses 88 under:-

It'orth Bridge 
~fanchester Sbip CanRI 
Aswlln Dam 

60 per cent. 
50 

100 .. 
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It would be safe to assume that the cost of the barrage will not exceed double 
the estimate, The joint cost will then.fore be :-

Barrage (216 x2) 
"Rohri Canal •• 

Ro . 
.. 432lakhs, 
•• 439 .. 

Total .. 871 .. 

• 

The financial forecast for thls would show that the net revenue in the 12th Page 23-

year after completion will exoeed 33'M lakhs which is the simple interest at 4 per 
oent. on the total cost. 

Lastly the Governor considers it very important that means should early be 
devised for "feeding the Ghar and Western Nara from the barrage, not only because 
the project would be remunerative, but becsuee at low-water periods the barrage 
would possibly deprive these canals of some of their supply. 

The Government of India submitted the whole Iroheme to the Secretary of 
State for India in their despatch No. 30-P.W., dated 24th October 1912. 

Owing to the complicated nature of the whole scheme, the Secretary of 
State for India appointed a Committee in London, consisting of Colonel J. W. 
Ottly, Messrs. L. Jacob, W. L. Cameron and A. L. Webb, to report on the 
projects, viz., for a barrage and Rohri canal costing Rs. 7,81,70,727. Their 
report was issued in December 1913, and the conclusions arrived at were :-

(a) That the project is flO! necelJ8ary as a protecti1Je measure.-There is no 
evidence of Sind having suffered in the past, owing to the withdrawals in the 
Punjab or that it"";'i!i suffer in the future. In the inundation season, the with_ ~p°C!;!Jt. 
drawals certainly badno prejudicial effect on Sind, as may be seen" by compa"- t •• , 1918, 

PIll'88. 4 to 
ing average gauge readings for the two periods 1848-l877 and 1878-1910, and from 13. 

the number of days the river read above 12 or 13 feet in the two periods. In the 
cold season the supply in the river may have been affected, but Sind canals never 
bad a cold weather supply, and have, therefore, not been adversely affected. The 
future effect may be minimised by considering Sind an inundation canal 
country. 

(b) The project is flO! productive.-The forecasts show that, excluding en
han oed land revenue, the returns are :-4'28,3'47, or 4'17 per cent. according 
as the period of constructions extends to 13,15 or 16 years. With enhanoed land 
revenue, the returns are somewhat more favourable, but no just claim can be made 
to this credit. The 15-year programme is unproductive, and in the other two cases 
the profit is so small that the estimates must be extraordinarily accurate to make P ....... 14 to 
the scheme profitable. The estimate for barrage is admittedly incomplete,20-
the design not well thought of, and on many items there are great differ!IDces of 
opinion. The estimate is likely to be greatly exoeeded. The feeder to Ghar 
&lld Western Nara should also be included in the project, since these two 
canals will be adversely affected by the barrage, and if this means additional 
expense witbout additional revenue, it is all £he more necessary to include it, if 
only to exhibit the true financial aspect of the complete scheme. 

Constructing the Rohri Canal without a barrage would mean that this 
canal would be a source of supply to an enormous Brea at present irrigated 
by a number of small canals. The latter would never fail simultaneously and 
the failure of one would be unimportant, but the failure of 1!he Rohri Canal r:-. II to 

could mean disaster to the whole area. Besides without bs rrage, perennial 



supply ia not 8ssured, and it would be neCeSSary according to the Commissioner 
to revise the figures for. Kh~rif and rabi, and the canal would have .to be larger, 

( say of18,OOO cusees to meet increased Kharif requirements. 

Para. 32. The only hope would P9ssibly be in a caAal foIJ9wed by a barrage, after 
the first and secon d section of the former ha.ve been completed, but without 
carefully prepared forecasts of revenue and expenditur";" the Committee cannot 
give it the necessary critical examination. 

Pa ... 33. Though the scheme is unproductive and premature, the Committee yet 
recommends a" complete scheme to be prepared and kept in readiness. Sind 
has not suHered in the past but may be aHected in future, and in that case 

Para. 38. remedial measures though unproductive may. be. justified. The eHect of the 
Punjab withdrawals should be carefully watched. 

Par ... 34 to 
37. 

The Committee also suggests that an alternative site for barrage below 
gorge founded on s~d should be investigated and shows the advantages likely to 
accrue. 

The London Committee's report was received by the Bombay Government in 
lIIarc'h 1914, and in September 1915, the latter again addressed the Government 
of India regarding the projects. They said that in unfavourable c~nditions of 

. the river, the Punjab withdrawals might have appreciable effect in lowering the 
No. W. I w'1ter-Ievel at Sukkur during the critical months of June and September though 
1055 of 1916, it is not possible to trace directly what the eHect actually is. Yet there is- good 
dated 23rti . 
September reason to say, Sind ought to be protected by the constructIOn of a barrage. 
1915. The present conditions of cultivation and irrigation are not suitable and Sind 

is calling loudly for improvements and benefits which Punjab and the United 
Provinces have long been enjoying. To regard Bind as an inundation country 
pure and simple would be adopting a policy of stagnation. It is probable 
that higher rates of assessment than that proposed by the Commissioner 
will be 0 btaina ble in the future. 

The soheme now to be put forward differs from the former in theso two 
points :-

(1) The Right Bank canal to be included. 

(2) The barrage is to be located below the gorge, instead of above, aa 
suggested by the London Committee. 

The rough cost of the barrage, Right 'and Left Bank Canals would be 1,120 
Iakhs, and the ultiniate revenue 635 lakhs. The net revenue is likely to cover 
the accumulated interest nearly by the 10th year after completion. The 
return would be about 5'7 per cent. 

On these grounds the a pprovaI of the Government of India is requested for 

th~ preparation of detailed plans lind estimates. 
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Rohri Canal with Or without Barrage. 

One of the m~in argumenta of Mr. Hill for giving priority in the programme 
of works to the barrage and Nara improvementa. was that with the barrage in 
operation the construction of the Rohri Canal would be greatly facilitated. The 
Khairpur feeders would first be constructed. and water admitted in the State 
-canals in the dry season. which would provide the water as well as freak fodder 
and vegetables for the men and animals at work on the main canal. Bricks 
could be made at .ite of works instead of being made where water is available, 
and carted to the site. When the main CaDal is finished through Khairpur, the 
British canals could be given perennial supply and the same facilities would be 
available for work lower down. Without such facilitie., the Rohri Canal would 
cost about 10 percent. more and the time of construction would be lengthened by 
probably at least three years. 

Since however it has been generally admitted, that the Rohi Canal is the 
greatest irrigational want of the province at present. it is the almost the universal 
opinion, that this canal should be started first, and the question now arises_ 
whether-

I. The Rohri Cansl should be constructed with or without ba .... g •. 

II. If with barrage, whether the two works should be started simultan&
ously, or the barrage made to follow the Rohri Canal 
later on. 

Circumstances have changed since the subject was last discussed, as the bar
rage site is below gorge and the supply channel1s done away with. 

1. Rohri Canal with or without barrage. 

The advantages of Rohri Canal without barrage are-. . . . . . . .. . . . . 
I. That perennial supply can be given without barrage. The bed will 

have to b. about 4 feet lower than with barrage up to the first fall 
in mile 30 to give sufficien t supply to 25 per cent. Rabi. The extra 
cost of this would be Rs. 25lakha against about 250 lakhs of the 
barrage. 

2 .. The interest about 10 lakhs, and maintenance charges about 2 lakhs of 
the barrage, i.e., 12 lakhs per annum would be saved. 

The disadvantages are :-

1. The barrage is required for the Right Bank Canal and the Eastern Nata. 
and the Rohri Canal may as well take advantage of it snd keep the bed 
higher and save 25 lakhs. 

2. The first few miles of the canal will silt like Nsta and the supply oonse
quently be reduced. Dr. 'Summers maintains that the canal will not 
silt. Silting in Nara is due to Ghotki floods. By means of the rising 
silt. only the upper layer of the river water will be allowed to enter the 
canal, which contains the finer silt, and this fine silt will be carried 
down the canal as ita velocity will be above the critical velocity. 

3. Sand banks will form in the river oppoeite the canal mouth. and affect 
the Rabi supply, as happens opposite to Nata. 

The river below gorge at barrage site is permanent and does not swing 
about as at Nata and other pisces. The sand banks, if any. will only 
be small in extent and can be soon dredged away. 

• 
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4. The area under Rabi cannot be increased to be equal to Khanf, and the 
canal has to be made l~rgel"' for Kharif • 

Rabi is not a favourite crop, and will not develop until presaure of . 
population is 'felt. Dr. Summers in his 1910 Project provides 24,7 
per cent. of Rabi including bersim (17' 7 per cent. rabi and 7 
bersini). With canal 4 feet deeper sufficient water for this area will 
be available. 

5. Without barrage the water supply cannot be assured, and without 
assured supply cultivation will not develop. 

Dr. Summers maintains that the supply will be ass)l1'ed . 
6. The withdrawals in the Punjab will reduce the cold weather supply in 

the river to bare requirements, and will affect the supply ill the 
canal. 

II. Rohri Canal with barrage constructed simult~neously or deferred. 

Whether the barrage be constructed simultaneously with the Rohri Canal or 
deferred, will depend mainly on the financial forecast. The fin8I\cial statement 
prepared by Mr. Hill takes the cost of barrage at 216 lakhs. W1iile the coat 
gathered from London Committee's report is 283 lakhs. Dr. Summers assumes 
the cost of 300 lakhs, but his comparisons are between Rohri Canal jol1011Jed 
by barrage, and barrage jollrYWed by Rohri Canal which does not suit our 
purpose. Besides he adds 40 lakhs to the total cost for widening the Nara which 
Mr. Hill maintains as unnecessary. ' 

In preparing. the attached statements, the widening of Nara is omitted, and 
the cost is assumed as under ;-

Barrage _ •• •• 

Rohri Canal (Dr. Summers' 1910 Project) 
•• 282 lakhs. 

.. 448 " 

Total •• 730 Ji.khs. 

With barrage alone, the Commissioner estimates an increased revenue of 71lakhs 
from Eastern Nal'!' and about 2lakhs from Sukkur Canal. Mr. Hill shows (Volume 
I, page 55, para. 27) that the Commissioner has underestimated the former figure 
by 1 Iakh and takes the total revenue from barrage alone at 10 Iakhs. This figure 
has been taken in the financial statement. For Rohri Canal.simultaneously with 
barrage, the revenue figures are the same as those adopted by Dr. Swumers in 
his 1910 Project, which has been based on the Commissioner's report, viz., 
Rs. 31,68,990, when fully developed. For Rohri Canal followed by barrage, the 
revenue from Rohri Canal will not developa. rapidly as above unless the bed is 
lowered by 4 feet. In the financial'stntemellt for this programme· 25 lakhs has, 
therefore, been added to the cost of Rohri Canal for lowering the bed. 

The two statements show that at the end of the 30th year, the Rohri Canal 
followed by barrage. is slightly more favourable than the two works started simul
taneously, but as 25 lakhs has been added to the capital cost, the ultimate 
return is less favourable. If the 25 lakhs is not. added for lowering the bed, the 
no velopment of irrigation will be delayed, and the prospects will be about the 

::lame. 

It has the following further disadvantages :-

1. Khairpur State will not get a perennial supply for so long as the 

barrage is delayed. 



a Work 0'1 the Duio cloual in the Khairpur State will couse~uenijy be 
earned out under difficulties of want of water, 

Bed Level of Rohri Canal with or without Barrage. 
The crest of the barrage gates being at R. L. 19a' 0, and allowing 0'0 fee. as 

DIIIrgin below top of gates and O' 5 for I""" of head through regulator, the F. S. L. 
in the canal would be at R. L. 191. The desigoed depth of full supply being 13 
feet, the bed level Will be at R. L. 191-13=178' O. 

Without barrage, ~he bed level has to be fixed with reference to the available 
ocld weather level in the river. The miDimwu resdiug at Bukkur gauge is-\!' 4. 
but this is very rare. U l' 0 is taken as the available level, it will be obtained in 
about 9 years out of 10. This level will be 184' 44-1=183' 44. The fall in river 
level between Bukkur and barrage being nearly l' 5 feet, the levela""ilable at the 
barrage site will be 182' 0 in the river and 181' 5 in the canal. 

The required Rabi discharge according to Dr. Summers' 1910 project, which 
Is based on the figures given in the Commissioner's reporf;, is 5.650 cusecs. which can 
be had when the depth in the canal is 7' 5 feet. The bed level should therefol8 be 
181'5--7'5=17"0 ••. 6 .• 4. feet lower than with Barrage. 

The extra cost of lowering the bed 'four feet would roughly be

RB. 
Excavation. 217.000.000 cubio feet at RB. 9 per 1.000. 19.53.000 

Exca. vation in wet soil, 58.860.000 cubic feet at addi-
tional rste of RB. 3 1.67,000 

Add-For lowering regulator 2,50,006 

Total 23,70.000 

With contingenci<lS say 251akha. 

In October 1915,],[r, A.. A. Musto. ~utive Engineer, WaS put on spec~IIlY.W 
under the Chief Engineer in Sind to t/l.ke up the revision of the Sq.k\rur I!arral!~ 
Project. and on 1st September 1916. he opened the newly sanctioned tempora!'f 
Sukkur Barrage Project District. '" . 

On the 2nd May 1916 Mr. Musto submitted under his No. 43 to the Chief Engi
neer in Sind a preliminary reporf; 8I)d rough outlines for the revised project for the 
Sukkur Barrage and Triple Canals. The principal changes proposed in this project 
&8 cOmpared with the 1909 ,Projects. were as follows:-

1. Th. site of the Barrage was shifted to a point about 31 miles below the 
original site. i.e., below. instead of above. the Sukkur ~hri gorges. 

2. ,The design of the foundations of the barrage was entirely Ilhanged. it 
being now desigoed to be built on the sandy bed of the river. like the 
Punjab weirs aDd the Esua and Grand Barrages in Egypt. instead of 
being founded on rocl!: as ,D.I the case of the 1909 projects. 

S. It was proposed. to raise the height .of the barrage gates by 2 teet as 
OCIIlpared with'the 1909 projeot. i .•.. gates were to be 18 feet high 
inbtead of 16 feet. 

4 .. It was proposed to subetitute a DIIISOOry superstructure ~o,r ~ steel super
struoture proposed in the 1909 project. 

6. The beads of the Right Ban k Canal. the Rohri Canal and the Khairpur 
feedem were now shifted to the new site of the barrage IlIId the head 
portions of these canals realigned aoooxdingly. 
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6. The existing head of the Nara Supply Channel which takes oll just above 
the site of the 1909 Barrage and was to be supplied from that barrage 
would no longer be utilized, but a new head channel would be excava
ted from the new site of the barrage to meet the existing Nara Supply 
Channel at its 5th mile. 

7. The great guide banks above the Sukkur-Rohri gorges were to be omitted 
and instead of these the natural river banks from the gorge to the new 
site of the barrage were to be protected with stone pitching and aprons. 

8. Scouring sluices. were provided at either end of the barrsge, the pave
ments of which were to be 3 feet b~low the pavement of the central 
portion of harrage. 

These sluices were separated from the' central portion by divide walls 
forming confined channels in front of both Right and Left Bank 
regulators and thry enabled the latter to be scoured free of silt. 

9. The site of the ship's lock was shifted from the river bank to the far side 
of the divide wall beyond the Right Bank scouring sluice.;;. 

10. The Summers' supply channel with its bridges and regulators was now 
omitted. 

n. The full supply level to the Nara Supply Channel and to the Khairpur 
Canals was now commanded by the barrage throughout the year, where
as in the 1909 project, they depended on the natural level of the river 
and that barrage could not have given them the required level. 

12. The full supply level and bed level of the Rohri Canal and the Right 
Bank Canala was proposed'to be raised about 3 feet in the upper 
reaches thereby 811 ving greatly in excavation, an d in the case of the 
Right Bank Canals, greatly increasin", commanded area. 

These proposals and the accompanying designs and plans were submitted to the 
Chief Engineer for Irrigation, Bombay, by the.Chief Engineer in Sind demi-ollicially 
in May 1916, &Ild were sent back to him demi-ollicially with the notes of the Chief 
Engineer for Irrigation (Mr. Beale) on the proposals in September 1916. 

Mr. Beale accepted practically all the suggestions and designs in the proposals 
with the ·exception of following :~ 

(a) He thought the suggested designs for road-bridge carried on three arohes 
(ribs) of stone masonry would be unsafe, and that instead of these the 
road-bridge should be carried on reinforced concrete arches and that 
the roadway should be 20 feet clear (as against 16 feet proposed) with 
one 5 feet footpath. He considered that at least three-fifths of the 
cost of this bridge should be paid for by Provincial Funds. 

(b) He did not consider the high level bridge was necessary, but was prepar
ed for stouter piers to carry the cross girders for supporting the gates 
&Ild machinery and also for the provision of a light foot-bridge. 

(c) He considered that the barraga gates might be 18 feet high as proposed, 
but thought that they should be made in two halves or tiers •. 

(d) He thought the velocity of entry through the regulators had been kept 
unnecessarily low. 

(e) He considered that the hydraulic slope (I in '15' 95) proposed in the design 
of the harrage lloor, was rather low &Ild that it would be safer to 1188 a 
llatter hydraulio slope &Ild provide more protection in impervious 
masonry down-stream of the gates. 
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(f) He did not approve of the sugga'ltion to head up to 18' of water pro
vided the"" was not less than l' 4' of water dOWDstream, i.e., not to. 
exceed the pressure of 16: 6' head on the 18' gates. He thought that. 
if 18' gates we"" provided and 18' of watt>r ever to be headed up, then 
the Boor must be designed to enable this 18' to be headed up even with 
no water downstream. 

(g) He considered that a wider foot paBBage should be pl'Ovided along the 
wall of the Ship's Lock below the opening bridge. 

In the meantime Mr. Musto had proceeded on Military Duty from 2nd 
September 1916 being relieved by Mr. A. Nazareth, Executive Engineer. 

A little survey work on the proposed new heads for the canals was done in the 
cold weather of 1916-17 and an alternative alignment for the upper reaches of the 
Right Bank Canal, which proved to be useless, was investigated. 

A conference consisting of the Inspector-General of Irrigation, the Chief Engi
neer for Irrigation, Bombay, and the Chief Engineer in Sind was held at Sukkur in 
March 1917, and another conference of the same officers with the Commissioner in I 

Sind was held in Karachi a few days later, to discuss the whole qUestion. 

As the result of these conferences it was decided to place an officer of the 
Revenue and Public Works Departments respectively on special duty to investi
gate the areas to be irrigated by the proposed canals and to propose rate.. and in
tensities, and duties, etc. Messrs. Baker, I.O.S., and Lane, P. W. D., were accord
ngly placed on this special duty as from January 1918 and are still engaged on this 
work. The Inspector-General of Irrigation's note on the projects, dated the 22nd 
March 1917, was forwarded to the Chief Engineer in Sind, under Government Memo. 
No. 1.-4457, dated the 28th April 1917, and by him a copy was sent to Mr. Nazareth 
under his No. S-321, dated the 7th May 1917, for remarks. 

In the Inspector-General of Irrigation's note the following suggestions and 
remarks were made:-

(a) He suggested that each Superintending and Executive Engineer should 
have made over to him that part of the canal projects which fell within 
his charge, so that each could study the project and assist the revenue 
officers and the P. W. D. officers who would eventually be provided to 
submit the complete project. He was of opinion that canal officers would 
be able to do much useful work in this conneetion and that they should 
study the problems invohed and plan and estimate the work t<l be done 
in tbeir charge. 

(b) He referred to an old propoesl ~o feed the Ghar and Western Na ... from 
a single new channel to take off the river above the present Ghar head. 
He pointed out that such a head could only be made on the alignment 
of the present Sukkur Canal and that if this were done, two great sys
tems would depend on a single hesd which might fail. He agreed that 
this propoesl should be dropped. 

(e) He pointed out the difficulty and cost of CODstrueting and maintaining 
the proposed Ship's Lock and the very little use it would havs. (Ac
cordingly it was decided to omit any provision for a Lock, though this 
is not definitely stated in the note, but is written in pencil on the plan). 

(d) He drew attention to the importance of coming to accurate decisions as 
to the aMa of culturable land commanded, the intensity of cultivation 
to be provided for, and the duties to be used in calculating the require
ments and the size of canals. 
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(e) He eIllphasized the iIllportaitce of keeping the canals as SII\&U as ~ible 
in order to encourage econoIllY in the use of water and to prevent wa~r 
logging the land . 

(f) He pointed out that even apart froIII a Babi supply, the Right Bank area 
would be greatly benefitted by the barrage, by having a Kharif supply 
at a guaranteed level every year, whereas at present it depends on the 
fluctuations of the natural river. 

(g) He eIllphasized the necessity and iIllportance of designing all channel 
from the river to the land, to give correct discharges as requisite, and 
pointed out the difficulty there would be in adIllinistering old channels 
until they had been coIllpletely reIllodelled to suit the new conditions. 

(h) He gave IIIuch information about the IIIethods adopted in the Punjab 
for reIllodeUing old canals and designing new ones. 

(i) He pointed oilt that if the Rohri Canal were constructed without 
the barrage it would still necessitate extensive reIllodelJing of existing 
canals, and that when the barrage was added afterwards it would be 
necesaary to again reIllodeJ these canals, and he was therefore of opinion ' 
that every effort sho uld be IIIade to design a productive publio work, 
which would enable the barrage to be built concurrently with 
the canals. 

(j) He concluded that there was a primtf facie case fo; believing that the 
Rohri Canal could be reduced froIII 15,500 cusees to about 10,000 cua_, 
and that if lio, it would need to be redesigned throughout. 

(k) He believed that a payable scheme of crops could be worked out by the 
co-operation of the Revenue and Agricultural and Canal office18, espe
oially if suitable demonstration farms were established for the instruc
tion of the officials a~ well as the irrigato18. 

Copies of this note were sent to the Superintending 'Engineers, Indus Right 
Bank and Left Bank Divisions, for report as regards the Inspector-General's sug
gestion in (a). Both Superintending Engineers replied in June 1917 that they con
sidered it would be, unfeasible for each Executive Engineer to design and estiIll&te 
the portions of the proposed canals in his district, owing to the confusion and lack 
of co-ordination of idea~, that such a procedure must lead to. They COII&idered that 
the whole work should be done by one special officer and staff, viz., the Exeoutive 
Engineer, Sukkur Barrag~ Project District. 

Both officers, however, suggested that yearly or periodical reporiB on the pro
gress made with the projects and on the proposals being developed. should be circu

, lated to all officers concerned, so as to keep theIII in touch with the work, and enable 
theIII to make suggestions and supply information to the ~esigning officer. 

The Chi~f Engineer in Sind, reported to Government accordingly in his No. 
S.-265. dated 10th May 1918. He stated that Messrs. Baker and Lane had been 
llngaged for Bome montha past in studying th,s eoil iea.tures ·of the Rohri. Canal tract 
and other problems in connection with the substitution of perennial fur inundation 

irrigation. 

Also that Mr. Musto, Exeoutive Enginesr, had been recalled from Military Duty 
to de&ign the Barrage and Canal HealI Works. 

'He suggested that a note be prepared at intervals and' issued to all officers 
ooncerned. showing the results of the work done by the specisl officers, Messrs. 

Baker, Lane and Musto. 
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He further stated that investigations as to through boat traffic at Sukkur 
showed that there wa~ none and ,that therefore a lock was unnecesaary. 

In their Memo. No. 1-6533. dated the 28th June 1918. Government informed • 
the Chief Engineer in Bind that it was not inteuded that local officers should 
do Bny part of the designing of the canals. barrage or head-works. but that 
those through whose districts the new canals will pass should be made to take 
an interest in the proj ects. The Chief Engineer in Sind's suggestion: for a 
periodical note to be issued to BU these officers was approved. 

It was suggested that each &!ecutive Engineer should be supplied with a 
map showing the proposed distributaries. regulators, road~bridges, etc., in his 
district and that he be asked to give advice as to whether these ·were the 
best alignments, positions, etc., for the works. 

, A copy of this memo. was sent to the Executive Engineer, Sukkur Barrage 
Project District, under Chief Engineer's No. 8-443, dated the 19th September 
1918, with instructions to prepsre the nece88ary notes Bnd, plans for 
circulation. 

As the question of the alignments of main and branch canala,. and water 
levels therein was under radical revision at the time and these changes awaited 
the consideration and sanction of the Government, it was not possible to give 
any useful definite information at that time, but since the Inspector-General 
of Irrigation and the Chief Engineer lor Irrigation, Bombay, visited Karachi 
at the beginning of December 1918, and came to decisions on most of these 
points, it is now possible to give an outline of what is now proposed. , 

The redesign of all the canal systems, viz., the Rohri Canal, the Eastern 
Nara System, the Right Bank Canal System and the Khairpur Canals has now 
also been 'placed in the charge of Mr. Musto, Executive Engineer, Sukkur 
Barrage Project District. 

The following are the principal changes now proposed by Mr. Musto and 
tentatively approved as compsred with his 1916 proposals outlined above :-

BARRAGE. 

la) The gates will be mode 18'5' high with top at R. L.194·5. 

(b) The scouring sluices at each end of the barrage will have their 
psvements at the same level as the remaining sluices of barrage, viz., 
R. .L. 176'0, i.e., all sluices will be identical, but the scouring sluices 
will be sepsrated from the central portion of the barrage by divide 
walls forming scouring channels in front of the canal regulators, on 
each bank of the river. The scouring sluices will be provided with 
longer pavements than the ordinary sluices of the barrage, as they 
will be more constantly in operation and under greater heads. 

(e) The road-bridge will consist of 50' spsn eliptical stone masonry arch .. 
25' wide, with road level at R. L. 215 about. 

(d) There will be a high level bridge for carrying the gates, Counter
weights and machinery and to provide a foot-bridge for operation, 
and to carry a travelling 5-ton orane for removing debris from in 
front Of gates, etc. It will also carry, if necessary, travelling winow,s 
for operating the gates. 

The bridge will consist of two eliptical mosonry arches 60' spsn QIld 5' 
wide each, with B gap of 16' between them, in whioh the gates and 
counterweights will operste. The deck of the bridge will be carried· 
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on girders (reinforced concrete or steel) spanning the gap between 
the two arhes and will be 25' wide between parapets and at R. L. 
238' 5. 

(e) The high level and low level bridges will be carried side by side on 
the Bame piers, which will be 10' thick and about 75' long. There 
will be abutment piers. 25' thick at intervals of 9 spans. 

The whole barrage will consist of 66 spans of 60' each (clear opening). 

With the exception of the gates and machinery and the girdeI'B for 
carrying same, the whole struct~ will be of stone masonry. 

This had beeb shown from carefully prepared and fully detailed estimates 
to be about 15 per cent. cheaper than a steel superstructure, at pre
war prices for steel-work, lind with masonry rates 10 per cent. in 
excess of, pre-war rates. 

(j) At either end of the barrage the high-level bridge wouid have one land 
span crossing the roadway leading from t.he barrage road-bridge to 
the road-bridge over the canal head regulators. Each abutment of 
the higb-level bridge will consist of a masonry tower contai,!ing a 
bydraulic platform lift capable of raising the cranes and other machi
nery from ground level to the top of the bridge. A staircase would 
also be provided at the end of the tower for acoes& of work-people and 
staff to the high-level bridge. The machinery for working the lift 
would be housed in rooms below this stairway and also in a pit below 
ground level. 

CANAL HEAD RI!IGULATOM (GENERAL). 

(a) Tbe head regulators for all the canals 01' either ban k will be of one design 
with spans of 25', closed by balanced gates in three tiers, which could 
completely close the canals in even the highest floods. The gates anti 
counterweights would work in a space between two masOliry arches 
as in the high-level bridge of the barrage, and would be opersted by 
fixed gearing on each gate to be worked by a travelling power unit, 
running along the gate bridge. 

(b) Behind the gate bridge and on the same piers will be built a mason ry 
road bridge on arches of 25' span, the bridge to have similar roadway 
and footpaths 'as the barrage road bridge. 

(e) This roadway will paBS, at the down stream end, on to the barrage and 
the canal banks, and at the up8treamend will lead on to the river 
proteotive banks, along the top of which the main road will be carried 
to connect with the road systems of Sukkur and Rohri respectively. 

(d) The bed of the scouring channels of the barrage being at R. L. 176 all 
regulators will have permanent masonry sills with tops at R. L. 182'0, 
leaving a silt collecting pond 6' deep, in front of the regulators. 

This pond can be scoured out at any time by partly opening the barrage 
scouring sluices, or the latter may be kept slightly open always, to draw 
oft the bottom water of the river, heavily leaden with silt. All 
regulators will take their supply only 'ove~ the top of their gates, thus 
taking only the clearer surface water. The velocity through the 
regulators will be kept slightly lower than that in the canals, so 
that all silt carried in suspension through the regulatoI'B can also be 
carried in the canals. The velocity of the river water in the approach 
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channels to regulators will be kept aimilarlr' less than that in the 
canals, so long as the natural level of the ri~r is below the top of 

barrage gates. 

Thereafter the natural velocity of the river will 1I0w through the approach 
channels, but as only the top few feet of surface water will then be needed 
there should be no excess of silt passing into the canals. 

(e) The regulator 1I00'rs will, be designed capable of standing the full head. 
of highest lloods in the river with the canals empty, So that in the e~t 
of brea.ches, or if repairs are needed, it will be poilSible to co~letely 
clo"e the OIInals at any time. 

RoiIRI CANAL. 

Final figures of culturable area, etc., have not yet been submitted by Messrs. 
Baker and Lane, so no definite figures can be given of proposed discharge of this 
canal. It will probably be in the neighhourhood of 11,000 CUBeCS as against 14,300 
provided in the 1909 project. This reduction is due to the recommendations made 
by Messrs. Bakerand Lane in respect to revision of the 1909 estimates for intensity 
of cultivation, duties, etc. 

These recommendations were made in their No. 564" dated the 17th May 1918, 
and were forwarded to the Government of Bombay by the Commissioner in Sind 
under his No. Rev.-534, dated the 25th June 1918. 

The recommendatioI\s were provisionally approved by Government in Public 
Works Department, Government Order No. W.I.-8601, dated. 30th Augnst 1918, 
.ubject to further report by Mesers. Baker and Lane. 

The principal recommendations made in the a bove letter were as follows :
(a) Dldies-

1. 
2: 
3. 

A: o.tl·~1 DiBt;~~ I Br&nch I ean&! head. ' head. 

Kharif Dry Crop 100 87 82'5 72'5 
Rice 50 43'5 40 35 
Rabi 200' 174 165 145 

These duties allowed for losses by evaporation and absorption as follows :-

ID distributaries • • 15 per cent. 

In Branches and Main Canal .. 20 " 

(h) InteMities-

(1) Kharif.-27 per cent. of the whole culturable area was 
recommended for Kharif. 

(2) Rabi.-TlVice the Kharif area or 54 per cent. of culturable area was 
to be provided for. It was not expected that this area 
would be reached at any near date, but provision was to 
be made for' it. In the financial estimates only 27 per 
cent. of culturable would probably be estimated as the 
Rabiarea. 

(e) It was proposed to exclude from the Rohri Callal Irrigat.ion area, the 
areas shown in the 1909 project in Talukas Guni, Tsndo Bago and Matli 
and to leave them on their present source of supply, viz., the Fuleli Canal 



which would be' relieved of other parts of its. command in Talukas MatH 
and Hyderabad and thus be in a position to give an improved supply to 
the yemaining area • 

• J FUrther changes from the 1909 project were proposed by Mr. Musto,' Execll
tive Engineer, and were provisionally approved by the Chief En~eer for Irrigation 
and the Inspector-General of Irrigation in December 1918. 

These were as follows:-

. (a) Changes in alignment of head reach of main canal. This will now take 
off immediately above the barrage, i.e., about 3 miles below Rohri, will 
run on a line parallel to the barrage for about one mile (i.e., a little east 
of south) and then swing round in a curve of a bout 24,000 feet radius 
till it approaches the North-Western Railway ~ear Begmanji Railway 
Station, and from that point follow~ the 1909alignment, except that it 
will be kept furtheraway from the r~ilway, in order to allo", the Khair
pur Feeder East to run between it and the railway. 

(b) It is proposed to raise the F. S. L. and the bed level of the canal in the 
first 15 miles (i.e., up to mile 16 of 1909 alignment) by 4' 5 feet; making 
a greater fall at this point to bring the F. S. L. aDd bed level to the 1909 
project levels, as a higher level is not needed in the canal for command 
purposes. This raising in the upper reaches affects a very large saving 
in earth-work, as the cutting is deep throughout this portion. 

KHAIRPUB FEEDERS, EAST AND WEST. 

The hp.ad reaches of these caD'!.ls will no";' be entirely different from the 1909 
alignments. The feeders will take off from the barrage on either side of the Rohri 
Canal. 

The Eat/t Feeder will run side by side with the Rohri Canal and between the 
latter and the N.-W. Railway (i.e., to north of railway) until it approaches the exist
ing New Mirwah, just north of Khairpur. 'Here the feeder will swing round to the 
South ill a short curva and run into the New Mirwah just north of the railway. Thus 
the present crossing of the railway by the Mirwah will be utilised for the new supply 
and no new railway bridge will be necessary. In the 1909 project, this feeder took 
off the river t>ia the Summers' Supply Channel, to the south of the railway and 
did not have to cross the latter, whereas with the new site of the barrage the rail. 
way lies between the canal head and its command . 

. . 
The Wut Feeder takes off from the barrage on the west side of the Rohri Canal, 

and will swing round, almost at once, in a curve of about 8,000 feet radius, to the 
south the Babarlo to meet the 1909 alignment at about the 5th mile of latter, the. 
distance to this point from the new head being roughly only 3 miles. 

Full Supply Lellf'ls in Khairpur Canals. 

In the 1909 project only one F. S. L. was provided, i.e., no provision was made 
for an extraordinary supply level to give extra discharge at times of maximum 
demand such a8 overlapping of crops, transplantation of rioe, etc. Such provision 
was made in both the Right Ban k and Left Bank Canal Projects. 

Moreover the F. S. L. provided for these canals was dependent on a natural 
river higher than the top of the barrage gatss (R. L.192),1Iiz., R. L. 194'7 in the 
river, equivalent to 10'3 on the Bukkur gauge. It was estimated that this level 
would be available for 90 days in the year, but in 1918 it was available only for 35 
daY" altogether, and ollly for 9 days after the 23rd June when most needed. 
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With the presen t propooals of heightened IIBrrage gates and new site.of barra~ 
it will be possible to give a F. S. L. in the feeders at least one foot higher than the 
1909 level. and to give this at any time throughout the year. 

EAsTERN NAB..!.. 
The preeent propossls for the canal include a new feeder from the barrage 

running almost south for half a mile. It then swings round south-east to west of 
Tando HUBBan Khan and Boraha. runs south-eaat to Nonani village. pssses latter 
to the east. swinging round into the Amr Valley and running through latter to Aror 
it swings to the south-east to meet the existing Nara Supply Channel at mile 4 of 
the latter. It is further proposed to widen the Nara Supply Channel from the 4th 
to 12th miles. 

FULL SUPPLY LEVEL. 

Io the 1909 project no provision was made for an extraordinary F.S.L .• higher 
than the ordinary F. S. L .• to give extra discharge at times of maximum demand 
due to overlapping of crops. etc. Such provision was made in both the Rohri and 
Right Ban k Canals. 

The F. S. L. provided in 1909 required a level of R. L.195·8 in the river, equi
valent to 11' 4 on Bukkur gnage. and 3: 8' higher than the top of the barrage gates 
(R. L. 192'0). 

The canal was therefore dependent. as at present. on a natural river level of 
11 . 4' on Bukkur. and the barrage could only have helped it up to a level .. bout 
4,' below its F. S. L. Io the 1909 project it was stated that the required river level 
could be expected in n.ormal years. from the 15th June to the end of September 
but from an inspection. of the Bukkur guage readings for 10 years, attached to the 
project. it can b. seen that there would have been a deficiency. for part of the season. 
in 8 years out of the 10 years shown. 

Io 1918 Bukkur only reached the required level for 7 days after the 15th June, 
while the average gauge readings and deficiency were as follows :-

- Bukkur gauge Deficienoy for 1909 
- readlngs. projeot (ll·'). 

15th to 30th June · . · . · . '10'72 '70 
July . . · . · . · . 8'64 ~'76 
August · . · . · . 9'10 2'80 
September . . · . · . · . 7'90 3'11 

and the 1909 barrage could have given no assistance. 

Thus this project did not provide a guaranteed supply and e&n only be regard
ed as unsatisfaotory. 

With the present propossls for new site of barrage. higher gates. new head to 
Nara. and widening ihe supply ohannel from mile 4 to 12. it will be possible to giVlt 
a guaranteed supply all-the year round at as high a level as that provided in th". 
1909 project (dependent on a natural river level). 

G&uge readings a.nd discharges measured over a period of 14 years show that a 
discharge of 12.000 cusecs (which is to be provided for the Jamrao system and the 
eventual development of the other ca.nals of the Eastern Nllra System) ca.n be passed 
below the 12th mile of the Nara when the watenurface there is at R. L. 189' 3. 

Th. distanee from 12th mile gauge to the proposed new head is SO, 250' so if 
the new head and the widening of existing channel to the 12th mile are gi~ a Bur-



26 

face sloPe of '1 in 16.400 (bed width .350'). the water level required at the head will 
be R. L. 194,2. Allowing for a loss of 0' 3 in the regulator. this requires a level of 
194' 5 in the river. and this is the proposed level of the top of the barrage gates. 
Hence the barrage could give the required level at any time of the year. 

As, however, there is a fall of 85' in the 93 miles of the Nara River from 12th 
mile to Jamrao Head. or an average slope of only 1 in 5.800, and as the section of 
the Nara River is very wide it is probable that it will be cheaper to remove bars in 
the bed of the river and thus pass the same discharge with a flatter slope and conse
quently at a lower level at the 12th mile. Such a fall in level at the 12th mile would 
enable a steeper slope and therefore a narrower and cheaper section to be given 
to the new head, and to the widening of the existing channel from miles 4 to 12. 
This will be carefully investigated in the project, but even without touching the 
Nara below the 12th mile, the barrage can give the necessary full supply level 
whenever required. 

RIGHT BANK CANAL. 

This whole project has been completely changed. 

With the increased height of the barrage gates, new site of barrage and, shorter 
head to the main canals, it will now be possible to raise F. S. L. and bed levels by 
about 4' at the head and for as far as desirable or necessary. This extra height 
increases the commanded area very greatly, and it would be possible to make a 
new branch running north-west passing close to the Garhi Yaain, crossing the Begari 
at mile 56 and crossing the boundary of Nssirabad Tahsil. It would then swing 
round almost due west for about 20 miles and then turn south-west until it tails 
into the Bagh Nai (Lebo Nai) at the south-west comer of Nasirabad Tahsil. This 
branch would command by perennial /low the following areas not included in the . 

1 909 project ;-

In Taluka Garhi Yasin 
.. Jacobabad 
.. Shikarpur 

In Tahsil Nasirabad 

Total 

Acres. 
63.000 

146,000 
11,000 

197.000 

417,000 

The raised levels will also tum most of the lift area included in the 1909 project. 

into /low oommand. 

For the remaining area (the great bulk of it) included.in the 1909 project. the 
raised water level is not required and would be cut out by falls where not needed. 
But this raised level has the. great advantage of raising the bed and thereby reduc
ing the excessive excavation in the upper reaches. A very large saving is thereby 

effected. 
In Government Memo. No. C.E.-161, dated the 9th Deoember 1918, the Chief 

Engineer for Irrigv.tion, Bombay, gave the following orders for the Right Bank 

area ;-
(a) To provide a feeder channel to supply the Ghar and Western Nara Canal 

systems with Kharif supply only.· . 
(b) To provide a separa~ perennisl canal for the supply of the Ratodero and 

Shahdadpur branches and to extend these branches further to the south 
but to stop at the northern bcundary of area~ /looded by the Gaj Nai 

and other hill torren ts. 
Note.-{The suggested new branch IUnning into Nasirabad would form 

pi.rt of this system.) 
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(e) Or as an alternative the Ratodero and Shahdadpur branches might be 
made as branches of the proposed Ghar and Western Nan Feeder. in 
which case the latter would have to run as a perennial canal. as far a8 
the point of off.4;ake of these branches.' 

(d) To provide a perennial supply if possible for Kakar and Johi t.alukas. 

There were many difficulties in carrying out these suggestions. These difficul
ties Were pointed out by Mr. Musto. Executive Engineer. in his No. 71. dated the 
18th January1919, to the adchess of the Chief Engineer in Sind. Messrs. Baker' 
and we recorded almost identical views on the difficulties involved. and a con

ference was held on 3rd February 1919 at Government House! Karachi. under the 
presidency of the Commissioner in 'Sind to go into this question more fully. 

As a result of this conference Mr. Musto was instructed to submit his propo881s 
for the revised Right Ban k Canals systems. 

These were submitted to the Chief Engineer in Sind under Mr. Musto's No. 4i4, 
dated the 29th March 1919. with full notes and plans explaining the proposals. 
They consist briefly of the following ;-

The whole area that can be commanded should be divided into three separate 

areas or COIllI118Dds, each supplied by ~n entirely separate system of canals. the 
heads of which would be above the barrage. 

The northern and western a.rea. which is suitable for perennial irrigation. should 
be supplied by a perennial canal styled the North·Western Canal. The central 
area, which is not suitable for perennial irrigation. being principally a rice~wing 
.tract, should be supplied by a large canal. styled the Central Canal, which would 
flow only during the Kharif season. 88 y from April to' September. 

The southern and eastern area. which is suitable for perennial irrigation. should 

be snpplied by a separate perennial canal. styled the South·Eastern Canal. The 
commands of all canals and of all their branches were arranged so as not to inter
fere with the natuml drainage lines of the country and these were all to be con

served and led into the main valley line running from north to south. which emptiea 
into tbe Muncher Lake. A large channel or drain was proposed to be cut from 
the Munoher Lake to the river in order to drain the latter into the river. Ample 
provision wa.s thus to be made for thoroughly draining the irrigated areas. 

Full proposals were also made for dealing with the great hill floods which now 

oocasiona.lly s~eep over parts of the commanded areas. In places these floods were 
td be diverted outside the commanded area to places where they would do good 
and the balance provided with ample drainage lines to carry it to the Muncher Lake 

and thence to the river. 

The details of these proposals are too lengthly for desoriptioD here. 

The North·Western Canal coIllI118Dd included an area of about 400.000 acres. 
half in Sind and half in British Baluchistan. which was not included in the 1909 

projeot. but whioh can now be given perennia.l water. owing to the changes in the 
Bite and height of the barrage. Messrs. Baker and we did not agree with the 
necessity or desirability of including this area. though they admitted it was excellent 
oultumble land. The Agent to Governor-General in Baluchistan in his letter No. 

2394/R., dated 27th May 1919. however. expressed the desire that his adminis
tration should be associated unreservedly in the investigation of this proposal to 
irrigate part of British Baluchistan (NaBirabad Tahsil) from the barrage. and ex
pressed his readiness to accept the Sind conditions as to rice cultivation and revenne 
rates. 
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Mr. Musto's proposals were forwarded to Government, through the Commis
sioner in Sind. by the Chief Engineer in Sind, under his No. S.-227, dated the 15th 
April 1919, with his general support to all the proposals. 

The Commissioner ir Sind generally concurred in the remarks of the Chief Engi
neer in Sind, and pointed out the possibility of having to compoosate certain 
persons whose villages were built alongside existing canals which are to be 

abandoned, even although such persons will be given a better supply from other 
new canals. 

Mr. Musto's proposals were returned by Government to the Commissioner in 
Sind under P. W. D. No. W.I.-I0381-M., dated 30th july 1919, with the general 
acceptance by -Government of the proposals made in Mr, Musto's No. 414, dated the 
29th March 1919. 

With regard to his proposal to CO)lstruct a branch of the North-Western Canal 
for the irrigation of the southern part of Nasirabad Tahsil in British Baluchistan • 
Government stated that this question should not be taken up at present. because 
its consideration would delay the completion and submission of the Sind projects, 
In submitting these projects to the Government of India that Government would. 
however. be informed that it seems possible to providp perennial irrigation 
for the 80uth~rn part of Nasirabad Tahsil and that if the Baluchistan Agency 
so desire. the preparation of plans and estimates for the necessary works will be 
taken in hand by the Government of Bombay. In the meantime the Commissioner 
in Sin d was requested to obtsin the views of the Baluchistan authorities on the 
proposal. 

Apparently. therefore. Government has overlooked, or isnot aware of, letter 
No. 2394/R .• dated 27th May 1919, to the Commissioner in Sind from the Agent 
to the Governor-General in Baluchistan, in which he definitely asks to IJe. associated 
in the project. and expresses his approval of the proposals made by Mr. Mo.sto in 
this matter. 

This point has to be brought to the notice of Government. 



APPENDIX B. 
Report of Secretary of State's Committee, appointed· to investigate the sch~me for the 

Suk1rur Barrage and Rohri Canal. 
SUMMARY OF REPORT. 

l'ARAORAPH. 

1. List of documents referred to Committee for Report. Classified. 

2. Scope of Committee's labours and difficulties due to clisagreement of the 
Engineers submitting the projects. 

S. Differences of opinion regarding effect of Punjab and North-WeSt Frontier 
Canals on the supply in the Indus at Sukkur. 

4. .. The interests of Sind" dedned, and the nature of its present irrigation 
requirements. The critical months of .June and September. 

5. Mr. Hill's estimate of lowering of river at Sukkur in September, due to 
Punjab withdrawals and Sir John Benton's opinion ·thereon. 

6. Dr. Summer's contention and figures showing that the construction of river 
bunds has lengthened the period of high river. 

7. The Bukkur gauge records; their long continuity and vaJue: question of 
the reliability of the gauge readings. 

8. Committee's comparison of river levels in decades from 1872 to 1902-10. 

9. Extract from Inclian Irrigation . Commission 's report. of ] 901-03, regarding 
effect of Punjab withdrawals, showing that the inundation canals have 
not suffered, though the E •• tern Nara sud FuIeli Canals may have done 
so. Heroic measures not conside~d necessary to benefit these two canals. 

10. Committee reviews Sir John Benton's remarks on above, in which he refers 
to further withdrawals of the triple canals an d Upper Swa. t, stating that 
the minimum clischarge of Iridus at Sukkur is 19,000 to 20,000 cusecs, and 
not 30;000 to 35,000 as taken by the Indian Irrigation Commission. 

11. Committee remarks on effect of withdrawals in Punjab. 

12. Points out that the proposed barrage is already too late to prevent loss to 
. Sind Canals from Punjab schemes. They cannot recommend project 
for this purpose, especia.lly as it only serves part of Sind and leaves other 
parta no better off. 

1 S. Committee remark on seepage question that although it no doubt increa8(>s 
cold weather supply in Indus, they have no exact information, and so 
long as Sind remains an inundation coUntry it is not important. 

14 Committee considers whether barrage can be recommended on other grounds 
shows that it is not so important for Sind as for Punjab where each sys
tem depends on one river alone, while Sind gets combined effect of five 
rivers. which neVer fail simultaneously. The barrage must be considered 
as a desirable improvement, .to be financed from loan funds, and must 
therefore be remunerative. 

Iii Shows that the project with 15-year programme is unproductive, and with. 

13 and 16-year programmes profit is very small an~ depends on accuracy 
of estimates. 
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PARAGRAPH. 

16. Barrage is item of great uncertainty. Discusses advantages and disad. 
vantages of site selected, effect of earthquakes. retrogression of levels. 
and difficulties of construction above gorges. 

17. Shows that Government of Bomhay recognized these disadvantages and 
difficulties and the unreliability of the estimates. The Government of 
India had left oJ?OO the question of align~t and design of barrage, but 
Committee consider it essential that all details of design and construc
tion be previously considered. 

18. Committee discusses difficulties of construction. and the proposed methods 
of nsing cofferdams. They anticipate difficulties in withdrawing piles. 
and consider piling at ends of cofferdams es£ential. They refer to difficul
ties at Esna Barrage on Nile. with construction cofferdams. Points out 
that no provision has been made for the earthwork in slopes of coffer
dams. 

19. Refers to difficulty of estimating cost of pumping and refers to experience 
at Esna. Considers ample provision· should .be made. 

20. Considers that a great excess may be necessary over estimated cost
Barrage should in any case have Stoney's gates right across river; the alter

native design of a weir with shutters should '1IOt be adopted • 

A rate to cover cost of maintenance of barrage and training works. should 
be included in the rate of working expenses per acre of cultivation. 

The project must include provisions for a new head from barrage to supply 
the Right Bank Canals. If this makes project unremunerative. it is all 
the more necessary to include it. to show true financial aspect. 

The Ghotki floods should also be considered as these affect the Eastern Nara 
Project for which 33 lakhs has been provided. 

The Committee remark on possibility of period of works programme not 
being attainable. and to increase of interest charges which would result. 

21, Remarks on Rohri Canal Project-

Points out that canal as designed does not agree with reqnirements of the 
revenue estimate. 

Draws attention to the estimate of increased revenue from Sukkur Canal 
and shows that this may not be realized. as it is not shown whether 

barrage will give improved supply. 

22. Committee unanimously of opinion that complete scheme as submitted will 
not be a productive work. 

23. Discusses Dr. Summer's alternativ~ project. . 
Sir John Benton and Mr. Hill do not accept his views. and hold that Rohri 

Canithal wout barrage would not get its supply and would silt heavily. 

24. Points out certain misunderstandings regarding bed level of Rohri Canal. 
considers that if canal would not silt nor be affected by sand shoals in 
river. it would work successfully and be a productive work. but for other 
reasons they Bre unable to support this project. 

25. Committee explains situation that would be created in Sjnd by Rohri Canal 
without barrage. Shows that this canal would be in same position as to 
supply, as the Eastern Nara. which is unsatisfactory, and the canal could 
not be regarded perennial. 
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26. It must therefore be considered as an inundation canal and as such, is not 
productive. 

27. Remarks on proposal to make SllDlIller's Supply Channel to test silting 
danger and shows it would be useless for the purpose. 

28. Committee concludes that the risks of failure of Rahri Canal without bar
rage are too great to justify the experiment, and that if ever constructed, 
both canal and barrage should be simultaneously completed. 

29. Summarises Committee's conclusions as follows :.,,-

(1) No evidence that Sind has or will sufier to such an ex~t as to 
necessitate perennial irrigation schemes for that reason alone. 

(2) The projecte as submitted do not show a productive work. 
(3) Dr. Summer's proposal for canal alone is too risky for acceptance. 

30. Committee shows that it was not surprising that their criticisms are 

destructive. 
They argue that as Sind is not lisble to famine, nor ovel'-populated; the culti

vators are indolent, and satisfied with present system; only a productive 
project can be justified, and for this a large area of neW irrigation must be 
included, not less than 500,000 to 1,000,000 8cres. 

31. The increase of reVenue to meet great cost of neW works must be obtained 
chielly from improvements to supply of existing irrigation. Hence very 
difficult to make a productive project. 

32.' Committee comment on suggestion for RoMi OanalfoUowed IYg barrage and 
consider that although risky, it presents more favourable cbances of a re
munerative project than any other alternative, but they have not suffi
cient forceaats of revenue and cost to examine it. 

33. Committee reverts to whole scheme submitted for sanction and considers 
it unproductive and premature, but recollUllenda that a complete project 
for perennial irrigation be prepared and kept in readiness in case of need. 
H necessary the productiVe works of Punjab, Sind and North-West Pro
vinces might be considered in combination. No urgency about Sukkur 
scheme and no finality yet reached on design of barrage and capacity 
of canals. 

34. Committee suggests possibility' of finding better site for barrage. somewhere 
downstream of the gorge. The scheme should include the provision of a 
feeder for the Ghar and Western Nara Canals. 

35. Suggestions for alignment and design of barrage. 
36. The advantages of the lower site. 
37. Disadvantage of lower site is exclusion of Eastern Nara and Sukkur Canals_ 

These must be carefully investigated and if possible provided for. 

38. Effect of Pun ja b withdrawals must be CI08le1y examined. to show if KhMif 
supply to Sin d is aflected. H so, works could be justified as protective 
even if not productive. But otherwise perennial irrigation can only be 
justified if productive. 

SUPPLEMENTARY MEMORANDUM BY SIR JOHN_OTTLEY. 

SUMMARY. 
1. UtI81,itability of silefor banYlge abooe gorge . 

. He goes further then the Committee in condemning site, ru,d would under 
no circumstances sanction a barrage at this site-

This prohibits linking up Eastern Nara with barrage. 
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2. The Eastern NaTa System-, , 

Exclusion of Ghotki floods should be undertaken. 
Dredging in channel and in river should be provided for. 
Canalization of the Eastern Nam River should be considered before widening 
of the supply channel is undertaken. , 
He considers there should be no insuperable difficulty in giving required 
supply without a barrage. 

3. Gauge at Sukkw- ' 

Recommends that a self-registering gauge be fixed at Bukkur. 

4. Suggestions JOT Be'kcting alteTnal.ive site JOT 'baTTage-· 

Not necessary to find a stable reach of river 'for this as any point can be made 
stable with weir and guide banks. 

Essential points for new site. detailed. 

If suitable site is found. both ordinary and self-registering gauges should 
be installed there and cross Sections and discharges observed there. 

Necessity of definitely deciding on size of Rohri Cami'l and Right B~nk 
Canals before preparing project for barrage. 

Suggests possibility of "waterproofing" the canals and thereby decreasing 
size. 

-
Is prepared to submit design for barrage if data are supplied to him. 

15. Suggests interchange of Irrigation Officers between Punjab and Sind. in 
order that Sind Officers may acquire experience of perennial canals, 
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REPORT OF THE COMMITTEE APPOINTED TO INVESTI
GATE THE SCHEME FOR THE SUKKUR BARRAGE 

AND ROHRI CANAL. 

The documents referred to the Committee for report may be conveniently claSsed under , 
the three following heads :- -

, (a) The Government of India Despatch No. 30 P. W. of the 24th October 1912. and en
closures, forwarding for sanction an estimate amounting to Rs. 7,81,70,727 for the 
construction of a barrage across the Indus at Sukkur and of a very large irrigation 
canal, called the Rohri canal, with its off-take from the river above it ; 

(b) Dr. Summer's publi~ations deaw.g with his alternative scheme for the Rohri Canal 
alone at a cost of about five crores of rupees the construction of a barrage being 
postponed until such time as it may be found to be necessary; and 

(c) The Notes by Sir Steyning Edgerley in which he calls attention to the position of 
the Larkana Collectora~ on the right bank, and comments on the effect of the 
withdrawals of water in the Punjab. -

2. The great variety and complexity of the questions involved in these papers have impos
ed on the Committee a task of much labour and difficulty. It has not been merely a case of 
the labour unavoidably entailed by a detailed.and critical examination of the voluminous en
closures to the Government of India's Despatch; but in addition there have been the difficulties 
caused by the manner in which the case has been presented, the want of :finality in the 
proposals, the wraordinary disagreements in the opinions expressed. 'by the engineers 
employed on the project, and above all the absence of indisputable facts in regard to many 
points of vital importance. 

'3. As an instance of t)le above, attention may be drawn to the difterences of opinion 
and the evidence afforded on the subject of the effect of the canals in the Punjab and the 
North-West Frontier Province on those in Sind. . The abstraction of water from the Indus 
and its tributaries by the perennial canals north of the Sind border is advanced as the main 
i ustification for the costly project recommended for sanction, and the Committee qnite 
agree that the point is one of primary importance. In fact very early in the course of their 
meetinga they were convinced of the necessity of giving prominence to this very question. 
It seemed to them that if, in an almost rainless tract of country such as Sind, where 
cultivation is almost wholly dependent on artificial watering of the soil, the irrigation 
conditions had been, or were likely to be, adversely affected to any appreciable degree, a 
project, or projects, for saving the situation would be imperatively demanded qnite apart 
from the commercial considerations of the projects in themselves. On the other hand, if no 
such injury has taken place, or is threatened, any work such as that proposed is of the nature 
of an improvement, and its sanction depends on its ful:6.lment of the definition of a 
productive publio work. The Committee are not aloue in this opinion Sir Steyning 
Edgerley has remarked" if the fall of the river at Sukkur is 9IOt to be feared most of the 
reason for the scheme fails." Mr. Lawrence at the Karachi conferellDS of February 1910 
said that" if the Punjab draw-oft will affect Sind to the ""tent Mr. Hill predicts, then the 
barrage is a matter of life and death. If not, then it has to be considered .. simply as an 
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improvement." Mr. Lucas, the Commissioner in Sind, in hiR evidence before the Committee, 
waa e'J.llally emphatic. He said that he and his revenue officers had approached the scheme on 
the understanding that the interests of Sind were seriously threatened; but if this were not 
the case there waR no necessity for it : it became purely a question whether the work promis~ 
ed to be so remunerative that it was desirable for that reason alone, 

4. It therefore appeared to the Committee to be essential to arrive at a clear 'understand. 
ing of the term" the interests of Sind," and to what extent these interests had suffered in the 
past, or were likely to suffer in the near future. With regard to the first of these questions, it 
may be said to be admitted on all sides that, owing to the rainless nature of the Sind climate, 
the agriculture, amounting to nearly 3! millions of acres annually, is entirely dependent on the 
irrigation effected by a network of inundation canals, which depend for their supply on the height 
of the water in the Indus during the inundation season, or the period between the 1st June and 
30th September. It is true that, by lowering the beds ohome of tlie canals, it has been fo~d possi
ble to pass a comparatively small volume of water down these channels in the cold weather; but 
such canals cannot be classed as perennial, as t4e term is generally understood, and it may be 
said that, except in the case of the Jamrao canal, which is served by a weir across the Eastern 
Nara, such ram: cultivation as there is in Sind is for the most part brought to maturity by other 
means than that of canal water supplied during the cold weather. It is also true that if water 
could be made available earlier than June and later than September it would be beneficial, but 
in the case of inundation canals, as those in Sind are, the inundation season of the river can 
alon& be regarded as the reliable period of supply. Of this season it is unnecessary to investigate 
any question of loss of level in the Indus during July and August, as the discha.rge of the river in 
these months is so enormous' that the volumes Of water drawn off by the canals would not 
appreciably affect the levels. The critical months then are .June and Sel'tember in fact they 
were alluded to as such by Mr. Lucas at the Karachi conferenc.e. "What," he asked the 
engineers, "would be the state of the Sind supply without the ?arrage thirty years hence, 
especially in the critical month.~ of June and September l " 

5. In reply to this question, Sir· John Benton said he had no figures for June and September 
.. but probably the supply in these montha would not be appreciably affected. - It would be 

abundant. The critical time is from OLwber to March." Mr. Hill, on the assumption that 
the total withdrawal in September would eventually be 4.0,000 cusees, expressed the opinion 
that the river levels would be reduced as follows :-

From 10 feet to about 91 feet. 

.. 

.. 

.. 

9 feet to about 8 feet . 

8 feet to about 6 feet] 0 inches • 

7 feet to about 5 feet 9 inchea • 

Sir John Benton said that Sind would certainly be detrimentally affected, but not to the 
elI!tent apprehended by Mr. Hill. It is evident, however, from his references to the ram: season 
October to March, and to rain: supplies, that h& was thinking of Sind irrigation on the analogy 
of Punjab perennial canals, and had disregarded the fact that Sind is an inundation canal 
country and that any analogy between it and the Punjab is impossible. In his review of 1912, 
he returned to his recommendation of the construction of weirs " if Sind is not to be rllined," 
but the Committee cannot find that he has based his warninga on any such facts as they could 

unhesitatingly accept. 

6. On the other hand, Dr. Summers has contended that, owing mainly to the construction 
of the Indus embankments, which synchronise fairly closely with the opening of the Punjab 
perennial canals of the past, the inundation season, so far from having been curtailed by the 
withdrawala in the Punjab, is actually some thr&e weAks longer thfoll it was before the Punj.w 
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eanals were brought into operation, The following figures, showing a rise in the water-level 
throughout the whole inundation season, indicate that his contention is well-founded :

Average levels at Bulckur during the periods shown, 

Average for period Average for period 
of 30 years before of 30 yea.rs after Rise in wahl Period. construction of construction oi 

embankments, embankments, level. 
1848-77. 1878-1907, 

(a) (b) 
1st to 15th June , , , , , , , , 192'9 194'1 1'2 
16th to 30th June , , , , , , , , 194'3 ; 195'6 1 3 
1st to 15th July , , , , , , , , 195'4 196'9 1'5 
16 to 31st July , , , , , , , , 196'1 197'8 1'7 
1st to 15th August , , , , , , , , 196'7 198'4 1'7 
16th to 31st August , . .. .. , ' 196'1 198'1 2'0 
1st to 15th SepteIllber .. - ' , .. 194'1 195'S 1'7 
16th to 30th September .. .. .. 192'0 193'3 l'S 

. 
(a) Vide Ta.ble, pa.ge 20. 01. volume 12. (b) Darlved from AppendIx II, volume 12. 

Th. further table below exhibits similar informl!tion in a difierent way, and shows 
that the rises in level in the later period are due to the construction of the river 
embankments :-

No. of days (1st June to 30th September) of gauge readings 
. in excess of. 

Period. 

3 
3 

2 years, 1848--79 (a) 
1 years, 1880-1910 (b) 

D ifferences in later period 

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

. 

~feet. I 9 feet, 

116 100 
-112 102 

--4 +2 

110 feet. 111 feet, I 12 feet, I 13 feel. 

79 59 27 . ... 
89 75 62 44 

+10 +16 +35 +44 

7, The above figures are based on the gauge readmgs of the Indus at Bukkur, This gauge 
was apparently established on the rock below the fort on the Bukkur island in the year 1848, 
It has been read regularly, and with the same zero (R. L. 184' 44), ever since ; and the readingo 

, , ' 
extending over a period of 65 years, should therefore constitute a very valuable record. The 
Committee, however, thiuk it right to mention that some doubts have been expressed regarding 
the reliability of the readings; but, whatever the errors arising from various causes may be, the 
figures over a very long range of years may be held to afford a sufficiently accurate indication 
of the levels of the Indus during the periods considered, and they do not show that the ~penings 
of the various canals in the Punjab have injured Sind. 

8. . The Committee have also made a careful examination of the Sind Administration Re
ports for the 39 years from 1872-73 to 1910-11. During this period there were 11 very good 
years, 13 good years, and 3 fair years, a total of 27 ; against 5 poor and bad years, and 7 very 
bad years. a total of 12. In other words, there were rather more than two favourable years to 
one unfavourable year during the whole period. Examined by decades, it will be seeli tho.. 
these proportions have been fairly well maintained, and that there is no reason to suppose that 
the conditions of irrigation in Sind have been steadily changing for the worse. 

1872-81 ., 7 favourable to 3 unfavourable years. 
1882--91 7 '" 3 ... " 
1892-1901 6 " 4 " " 
1902-10 7 " 2 " .. 

(a) l,o'igures deduood from the ohart publis.hed in Sind Irrigation Report for 1879·80. 
(b) Average 6gul'M obhined f!l'O~ charts published with a.nnual Sind Irrigation RevE"nue RepoJta. 
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9. It may also be noted that the Indian Irrigation Commission of 1901 ~3, after a very 
close study of the circumstances of Sind, reported in Part n, paragraph 93, as follows ;-

c< It is the opinion of the Sind Irtigation Officers who came before us that the supplies' 
to the canals have not been appreciably affected by the withdrawals from the Punjab 
rivers. The full monsoon supplies of the canals which have been opened in the 
Punjab during the last 20 years amount to 21<,000 cu.qecs ; but such supplies are only 
run when the rivers are very full, and the withdrawals would not seriously affect 
the levels in the Indus during the inundation season. The progressive increase in 
the irrigated area .during the same period shows that the 'efficiency of the canal3 
has not been affected. The rabi supplies of the new Punjab canals would amount 
to about 15,000 cusecs, but the present minimum cold-weather supply of the Indus 
at Suldmr is from 30,000 to 35,000 cusecs. During this period perennial supplies 
have been given to the Eastern N ara and Fuleli Canals by lowering their beds or 
preventing silt deposit, and the.qe supplies may"Ilo doubt be affected by future 
Punjab withdrawals; but the majority of the Sind canals like the inundation canals 
in the Punjab have never had cold weather supplies at all. As far as existing Sind 
cultivation is concerned, heroic measures are not required, and there is, as we have 
shown, great room for extending existing cultivation by working on e;misting 
methods." 

10. The Comniittee are, aware that Sir John Benton has not overlooked these remarks. 
He has contended that the Commission were under the impression that the minimum supply 
of the Indus was 30,000 to 35,000 cusecs, whereas it is only from 19,000 to 20,000, and that 
since the time of the Commission's report two new'irrigation projects, the triple canals and 
the Upper Swat, have been sanctioned, and will shortly be in operation. With reference to 
these contentions, Sir John Benton is doubtless right regarding the absolute minimum discharge 
of the Indus, but the CommiAAion were obviously referring to an average minimum supply, 
and with an absolute minimum of probably very short duration the existing Sind irrigation 
is in no way concerned. And though the Commission did not know what form future schemes 
might take, they were very well aware that further schemes were in prospect, in fact they had 
before them at the time the Lower Bari Doab project from the SutIej, which the triple 
canals ultimately replaced. The Commission apparently considered, not without reason, that 
if the larger withdrawals of the past had caused no injury to Sind, it was unlikely that future 
withdrawals would have a disastrous effect, and that whatever the effect, it might be mini
mised by recognising Sind to be an inundation canal country, and improving the existing 
irrigation by existing methods , instead of resorting to heroic measures. 

11. It has to be borne in mind that although the abstraction of water in the Punjab must 
necessarily to some extent reduce the volume carried by the Indus in Sind, it does not follow 
that the amounts so withdrawn by the Punjab represent the actuBlloss at Bukkur, or that such 
reductions are necessarily injurious to Sind. It is well known that in the most scientific modern 
oanals, maintained in the highest state of efficiency, the loss of water by absorption is exceedingly 
serious; and it must be conceded that a similar but vastly greater loss must occur in the case 
of water passing for huncinlds of miles in the wide and sa.ndy beds of rivers in the arid plains 
'of India. It may be accepted as certain that the actual reduction in the discharge of the Indus' 
in Sind has never in the past amounted to 25,000 cusecs, and'will not in the future amount to 
more than 80me fraction of 40,000 cusecs. What the actual reduction has been in the past, 
or will be in the future, it is impossible to say; but the lowering of the water levels will in any 
case be considerably less than Mr. Hill has anticipated. 

12. The two new projects to be shortly brought under operation are the triple canals 
and the Upper Swat, and it is desirable that the effect of these works should be carefully 
watched in order that any neceSSBry measures for the timely protection (If Sind may be under· 

l 
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taken.· It may of course be urged that in the event of Sind being prejudicially affected any 
delay in the sanction of the Sukkur scheme would cause the remedial measures to be too late. 
But in that sense it is already too late. The Committee understand that the Upper Swat 
canal will be opened in April next, and the Upper Jhelum, the last link of the triple series, in 
the succeeding autumn: The Committee are aware that these formal openings do not imply 
immediate development of the works in question, but development will have taken place 
many years before the Sukkur project can be completed. And even then the barrage will be 
ouly a partial remedy. It will safeguard only that portion of Sind served by the canals depen
dent on it for assured supplies; it will not improve the supplies to the canals in Upper Sind, nor 
to those below the barrage, which may on the contrary be detrimentally affected. If there were 
any such urgency of action the project should have been,submitted long ago with far more con
vincing proof of its necessity. The Committee are not, however, satiSfied that Sind is threa
tened with any calamity. There may be, for want of complete information, shortcomings 
in the reasons they have advanced; but on such information as is contained in the papers 
before them, they are unable to recommend that a project calculated to cost eight crores of 
rupees must, apart from any other consideration, imperatively be sanctioned for the,protection 
of existing irrigation in Sind. 

13. It may here parenthetically be mentioned that, on the subject of the supplies of 
"ater received by the Indus in Sind, much has been said in the papers on the question of see
page. The Committee therefore touch on the point, although they do not consider it of im
portance at the present time. There is little doubt that the seepage back to the rivers swells 
the volume of water carried by the Indus in the cold weather, and that this acoession of supply 
will gradually, but surely, increase; but the Committee have no exact information on the subject 
before them, and it .eems to them. that, as long as Sind remains an inund .. tion can .. l oonntry, 
the matter possesses little 1II0re than an academical interest. 

U. The Committee next proceed to the question as to 'Yheth~r sanction to the estimate 
oan be advocated on other grounds. They understand that the ultimate objective in Sind 
is a comprehensive schelIle for dividing the Indus into three reaches of suitsble lengths, eaoh with 
a ,barrage or weir across the river, and a group of canals with their off-tskes above it. It is 
undeniable that such a scheIl\e IIInst be of the nature of an improvelIlent on existing methods 
ofirrigation ; but the necessity is less urgent than in the case of the inundation canals of the 
Punjab. The Indus in Sind receives the cOlIlbined waters of aU the Punjab rivers. The Swat 
river, the Jhelum, the Chenab, the Ravi, the Beas, and the Sutlej aU feed the Indns. They all 
have their separate catchlIlent areas, and each river is subject to favourable or unfavourable 
con.ditions of supply in any year, but the conditions in one catchlIlent area may be favourable 
and in another unfavourable, and the Cudus fed IToIII so IIId11Y sources runs far less risks than 
any of its afBuents separa;'ly considered. The differen'ces between good and bad years in Sind 
are,.therefore, as pointed out by the Irrigation ColIlmission, lIIuch less marked; but a scheme for 
harnessing the Indus to the service of the Sind canals, subject to all the vicissitudes of in unda
'ion channels, has nevertheless to ~ regarded as a desirable improvelIlent. It would lIlean 
that the canals would receive assured supplies, that the cultivation of cotton, already an import
ant crop in Sind, would be fostered and encouraged, that the maturity of the rabi crop would be 
.eoured, that large areas of lift irrigation would be converted to ftow, and that certain areas of 
land, now unoultivable, would be brought under command .. It has, however, to be realised 
that the expense, both initial and in subsequent maintenance, of oonstructing weirs on a deltaic 
river of the size of the Indns would be very great. It would be very much greater than that of 
ailIlilar works on its tributaries in the Punjab, where perennial canal projects have been so 
successful. The schemes would have to be financed from loan funds, and for that purpose it 
would have to be shown that the works are likely to be relIluuerative. The point before the 
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<Jommittee is then to ascertain whether the Sukkur project, the first of the perennial irrigation 
achemes In Sind.- can he safely regarded as a productive public work. 

HI. The forecast shows that, excluding enhanced land revenue, the returns per·cent. are 
~'28, 3'47 or 4'17 according as the period of ('onstruction extends over 13, 15, or 16 years. 
If the enhanced land rennue be included the returns . are somewhat more favourable; but it is 
understood that no just claim can he made to this credit and that the lower figures are those for 
eonaideration. With these figures, the project with the 15-year programme is unproductive, and 
in the other two easee the margin of profit is so small that only if the estimate is extraordinarily 
accurate can the sch~me he regarded as remunerative. 

16. Of the two main heads of the estimate, the canal and the barrage, the latter is naturally 
enough the item of the greater uncertainty. Irrigation engineers have now considerable ex
perience of the construction of weirs across rivers, but the barrage is a' work of a kindnever 
previously attempted in India. The site chosen, that at Sukkur, is geographically convenient 
and desirable, and importance seems also to have been attached to the confinement of the river 
to a gorge and to the presence of rock. These cannot, however, be said to be unmixed advan
tages. It is above Sukkur that the Indus is particularly liable to avulsion, That risk obtains 
whether the project is carried out or not but it is obvious thatafterthe expenditure of eight 
t\rores of money there would be greater interest at stake, and it is conceivable that anyeare
lessness in working the gates, or ·an accident to the machinery for lifting them might greatly 
increase the danger. The rock is of bad quality, full of fissures, and very irregular in level. 
There is much uncertainty as to the depth to which the foundations would have to be carried. 
and therefore to the expenditure on the foundations. Below the line -of the proposed barrage 
is a rift said to be from 120 to 150 feet deep; It would seem that this was due to 
the occurrence of an earthquake some 900 years ago, and should an earthquake again occur it 
would be at the rock out-crop that its effects would be most severely felt. In any case the 
existence of the deep ravine below the site constitutee a danger, and retrogression of levels, 
regarding which nothing has been said, may be feared. In fact the ·best that can be said for the 
rock is the plea advanced by Mr. Hill that in a sense it is more stable than sand. Moreover, 
the great depth and high velqcity of the water in the gorge mean great difficulties in 

-constructing and maintaining.the necessary cofferdams and an absolutely unknown expenditure 
in pumping. 

17. These points have not escaped attention in India. In their letter of the 5th December 
1910, the Bombay Government said: "Having regard to the magnitude of the project and 
the impossibility of foreseeing the difficulties and problems which may arise in the course of a 
work intended to dam up the waters of a vast river like the Indus, the Governor in Council 
feels great diffidence in accepting any estimate of the barrage however skilfully it may be pre
pared and however great the talent and experience of the engineers engaged, except as an indi
cation of the minimum cost likely to be incurred." And, again, ., The Governor in Council 
considers that it would be safe to assume that the actual cost of the barrage will not exceed 
double what is now estimated." The Committee entirely agree that however carefully :ilie 
estilll8 te maybe framed, there will be in the actual execution of the work man y items of 
unforeseen expenditure, but that only makes it the more imperative that the estimate should 
be prepered with the greatest possible prospects of finality and completeness. The Committee 
find that there have been several alignments and designs. The present Inspector-General has 
proposed a further change in alignment, and in the matter of design, the last-that of Sir John 
Benton-is admitted to present certain difficulties and risks of failure. On that account the 
Government of India have proposed to leave the question open for further discussion. 
The Committee cannot think that such a position is satisfaetory. The provision made for 
the w~rk by the Government of India is Rs. 2,65,68,571, and to this sum has to be added the 
17 iakhs intimated by the Government of Bombay. on account of insufficiency ohates ; the 

• Vi_roy'. teJegram to Seoretal'yof State. dated 25th September 1913. 



total will therefore amount to nearly two millions sterling. With a project 80 costly and 80 

perilously near the margin of a productive work, it is essential that all details of design and 
eonstruction should be previously considered. To postpone such matters for bubsequent 
discussion is to court a revised estimate. 

18. 'Apart from questions of alignment and design the Committee doubt whether the 
engineers have sufficiently appreciated the difficulties of construction at such a site. Their 
attention has been drawn to the divergence of opinion between Messrs. Hill and Beale regarding 
the provision made in the estimate and the method proposed for constructing the cofferdam 
to enclose the foundations during execution. Mr. Beale, who prepared the estimate under 
instructions, accepts no responsibility for this very important part of the construction work. 
and, the Committee feel there is much to be said from his point of view. From the very short 
description given in the reports it is understood that lateral cofferdams of earth will be made, 
and that lines of interlocking piles will be driven through the sand where practicable into rock 
at such a distance from the area to be cleared as to allow of a 6 to 1 sand slope after excavation 
is completed. At the end of each season's work it is proposed to withdraw the piles for further 
operations. The Committee anticipate difficulties in removing the plies, and no terminal 
piling seems to have been contemplated, although it will certainly be required on most of the 
work, as the distance between the lateral banks will be roughly about 500 feet. The barrage 
is approximately 1),400 feet long, and the work in the river-bed is calculated to occupy at least 
five years in execution. Recent experience in constructing the Esna barrage on the Nile, 
where the foundations throughout are on fine sand, shows that cofferdams may be a very se
rious difficulty and often require stone for protection, and s!Iond-bage for construction. At th~ 
site of the Sukkur barrage, the conditions of depth, velocity and discharge are far less favou:.
able, there will probably be five seasons' work instead of three, and it is inevitable that the 
construction of the cofferdams for diverting the river and enclosing each seasons' work will 
present many difficulties. The detailed estim .. tes show that provision has been m .. de for the 
piling, but .. pparently nothing has been entered for the cofferd&ms. The Committee are of 
opinion that substantial cofferdams will be necessary at all stages of the w~rk, :and that their 
construction will be necessary at all stages of the work, and that their construction will in many 
cases be extremely difficult. They therefore consider that the estimate cannot be held to be 
complete without ampl~ provision for the construction and removal of this item of the work. 

19. The Committee are not surprised to find a great difference of opinion on the subject 
of the pumping allowance. This item must, in any case be largeIy a matter of guess work. 
Comparisions with other works, even in the immediate neighbourhood, are unre1iable, and noth· 
ing but actual experience during the execution of the work can be of any value. An accident, 
Buch as a breach 'of the cofferdams, might cause an extra season's work, and this would com· 
pletely upset any calculation. In drawing up the contract for the construction of the Esna 
barrage on the Nile, the engineers and contractors differed so widely in opinion as to the cost 
of pumping that it was agreed to omit that item altogether, and to insert a clause providing 
that the contractors should be paid at certain rates per pump per day according to the sizes of 
pumps employed. For the purposes of a project estimate, however, it is necessary to enter 
Bome figures, and the Committee are of opinion that a very liberal provision should be made. 

20. Briefly, taking the many serious difficulties presented by the site, and the estimated 
figures for construction, the Committee are of opinion that, even with the extra 17 lakhs pro
posed by the Government of Bombay the estimate will be exceeded, and the excess might be 
very great, rar more than would be suffioient to remove any claim to productiveness the scheme 
might otherwise possess. There are in addition.the following considerations. 

The Committee are of opinion that, whatever the design in other respects, the barrage 
should be provided with Stoney's gatflS right across the river, and that the alternative of a weir 
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with shutteD should not be adopted.. This is neceesary in order to 8l1sure a complete Cjlmmand' 
of the river at any time of the year, especially 88 canals OD both banks have to be supplied. 
This point is referred to in paragraph 12 of the Government of India's letter; but the Committee 
consider that it wo,Jld add to the expense of Sir John Benton's design. 

, The maintenance of the. barrage arid training works will be a significant item. of expense. 
It is not usual to Cllpitalize such expenditure as a part of the initial outlay in the way Dr. 
Summers has done, but the working rate per, acre should include such charges, and the acreage 
rate adopted fn the ,project apparently excludes the maintenance of the head-workS. 

The project estimate should include the cost of linking up the right bank canals, the Ghar 
and the Western Nera, with a head above the barrage. Sir Jobn Benton:, in his evidence before 
the Committee, explained that the right bank canals had been omitted because (1) DO additional 
revenue could be obtained from them, and (2) it would have meant too much work in progress 
at the same time. The Committee are unable to accept these reasons. If the barrage project is 
necessitated by the effect of the Punjab canals, the Ghar and Western Nara must be held to 
suffer in common with other canals in Sind, and they will suffer still more if the barrage at' 
Sukkur is constructed. The feeder for these two canals should therefore form a part of the 
scheme. The inclusion would not necessarily mean an addition to the work in progress at any 
ODe time. The rate of progress of work in the field depends on the establishment ~d labour 
available, and whatever tbat rate may be it is desirable that a project should be complete in 
all respects. Moreover, if the work in connection with the right bank canal means additional 
e)tpenditure without additional revenue, it is all the more necessary to include it if only to exhibit 
the true iinancial aspect of the complete scheme. 

The question of the Ghotki floods also demand some consideration. The exclusion of 
these floods from the Eastern Nara is very desirable quite apart from the present project, but 
inasmuch as the estimate provides 33 lakhs of rupees for widening the Eastern Nara supply 
channel there will be more at stake if this system of irrigation is not adequately protected. 

The Government of India apprehend no difficulty in achieving the 13-year programme of 
construction, and the Committee do not desire to contest this view more than to utter a word 
of warning. I~ does not imply an impossible rapidity of progress, but the expenditure will have 
to be maintained at an unusually high rate, and it is possible that the attempt may fe.il, in which. 
case the accumulation of interest charges will affect the fuiancial position for the worse. 

21. The Committee have no remarks to offer on the estimate of the Rohri canal. Unlike 
the barrage it is a work of a straightforward cbaracter, and it appears to have been estimated 
by Dr. Summers with great care and completeness. Nor are the Committee in a position to 
comment on the anticipated revenue returns, which have been dealt with so exhaustively by 
the {lQrnrnissioner. But there are two points they think it is desirable to mention. The canal 
estimate is that of 1909, and it provided for a canal to irrigate equal areas of kkatrif and'Tabi, but 
the revenue returns are based on figures of larger kkatrif and smaller raM given by the Comniis-; 
sioner a year later. The size of the canal is fixe!1 by the kharif requirements, and the }909 
design does not therefore provide for the kharif area laid down by' the Commissioner. If then the 
Commissioner is right in his forecast, the revenue returns may prove to have been over-estimat
ed. To reduce the size of the canal still further in order to save 50 lakhs of rupees as proposed 
by the late Inspector-General of Irrigation would only add to the discrepancy. The Committee 
cannot support this proposal and, on the figures before them, consider it might adversely affect· 
the revenue receipts. The case is hardly satisfactory as it stands. It means that the design 
of the canal is not in consonance with the revenue authority'. figures and that, even in such an 
important matter as the discharging capacity of an enormous canal, it is proposed to def~ the 
ultimate decision until after the estimate has been sanctioned. 

The second point alluded 'to is that of the 11'Iakhs extra revenue to be derived from the 
Sukkur canal. Dr. Summers informed the Committee that this additional animal credit was 



entered by the Commissiollet under & misunderstanding. Mr. Lucas had, been led to believe 
that the supply to, this canal would ,be materially intproved, but Dr. Summers was of opinion 
that" the construction of the barrage as proposed would result in the closing of the upper head 
of the Sukkur canaJ, and would,' as a matter of fact, aamage the canal, and even tum some 

flow irrigation into lift." The Committee agree that the right bank up stream guide-bank 
. must tend to the silting up of the river bend behind it, in fact this is one of the objects olsuch, 
embankment; and in that case the upper head of the Sukku,r will in course of tinte become 
inoperative. The Committee have not, however, sufficient information, to enable them to 
i~dge how far the irrigation of the canaJwill be affected by the changed conditions. It is a., 
point for local examination but if this extra. revenue is not to be earned, the productivenesS 
of the scheme will be still further reduced. 

22. Taking all these considerations into account, the Committee are hUIlnim OU8 in their 

opinion that the project submitted for sa.nction will fail to satisfy the requiremente ofa produc<
tive work. 

23. The next point i. that of Dr. Summers' alternative scheme. He does not base his 
recommendations on the plea of withdrawals of water in the Punjab; on the contrary, he 
contends t~t Sind has not suffered in the past and will not snffln'in the future. He is of opinion 
that any project which provides a barrage to be constructed concurrently with the canal, must' 

fail to be remuner1!otive ,and he claims for his cana.!, withQut a barrage, that it '\'I'ill 'fork,that 
it will be productive, and thet it is eminently desira.ble as affording a sure supply of water tQ 

5,000 square miles of the best soil in Sind, thus enabling the tract to grow from half a million 
. acres upwards of the finest cotton in India. Sir John Benton and Mr. Hill, on the other hand, 

do not accept Dr. Summers' views. They are of opinion thet, witho~t a barrage, the canal 
could not derive the necessary supplies from'the river, that it would probably silt heavily, and 
that it would therefore prove a financial failure. 

24. In examining this question, the Committee would like to draw attention to two mis

apprehensions that h,,:ve occurred regarding Dr. Summers' work. In paragraph 151 of his 
Final Review, the late Inspector-General alludes to the "very regrettable clerical error" in 

assuming that the head of the canal is 1 . 2 feet lower than on the project plans, &C. Dr. Summers, 
in his evidence before the Committee, showed, however, thai there had been no such error. 
The bed level of the canal was deliberately, and with good reason, lowered from. R, L. 176'9 
in the original project to R. t. 175'7 in the new project. The latter figure is that quoted ,in 
the list of levels given in paragraph 42, and is repeated in the headings of the statement in 
Appendix II of Volume 12 and Dr. Summers drew attention to the provision made-in column . 
7 of the statement on page 92 of the same volume for the "extra cost of deepening by 1'2 feet 
from head of supply channel to 31st mile." The Committee consider that Dr. Summers should 
have given great prominence in his report to 80 intportant a change, especially as new plans 
were not submitted nor were the originals corrected. It is not sufficient that important modi
fications in design should be discovered from figures buried in tables· which may fail to arrest 

attention. 'rhere was" ltowever, no other error; the change was intended and the cost was 
provided for in the final project. 

The second point aUuded to. is the subjeot discussed in Part XVIII of Sir John Benton'!\ 
Final Review, which in the Committee's opinion takes an unnecessarily unfavourable view of 
the working 01 the canal without a barrage. Sit John Benton ba.sed his resulta on, discharges 
for the first two sections of the canal, calculated under his own instructions, at 25 per cent. 

more than would be required under normal conditions· ; and therefore arrived at conclusions 
which cannot be accepted as representing the number of years in which the canal would fail. 
In fact, assuming for the moment that the canal will not silt and that its supply will not be 

affected by sand sho&Js in the river, the Committee are of opinion that it would work success
fully, and in that case it would be productive. If the Committee had been prepared to 

• Volume XII, Appendix 1, Paragraph .t:4. 



recommend the adoption of Dr. Summers' alternative, they would have entered at length int<1 
the details of the figures which have led them to this conclusion; but as they are unable to 
support the proposals for other reasons, it will be unnecessary to dwell on a matter of considerable 
complexity. 

25. The Committee think it very desirable that the situation that would be created by 
the construction of the canal as proposed by Dr. Summers should be fully understood. It 
would mean that this canal, the largest yet designed in India and calculated to cost nearly five 
crores of rupees, would be the sole source of supply of water to an enormous area at present ir
rigated by a number of small canals. The latter would never fail simultaneously and the fai
lure of anyone of them' would be comparatively unimportant. On the other hand, the failure 
of the Rohri canal at a critical time would mean disaster to the vast area of crops depending on 
it and would force Government to construct the barrage in haste 80 as to avoid future disasters 
of the same kind. It has to be admitted that a partial failure would a~ any rate be liable to 
occur. Examination of the sections of the Eastern Nara, and other information on the subject 
of the working of the canal, has shown the Committee how unsatisfactory the conditions of this 
channel are. The head of the proposed Rohri canal would be in the same position as that of 
the EastemNara, it would be exposed to the same influences, and the silting might be such 
that the canal could not be regarded as a safe perennial source of supply. 

26. It would therefore have to be regarded as an inundation canal, and the question then 
arises as to whether it can be shown to be productive or otherwise. 

Th~ figures, on which the canal alone, without a barrage, is shown to be remunerative, 
are based on the areas and revenue rates for a perennial canal. The Commissioner has stated 
in his evidence that if an assured perennial supply cannot be guaranteed, it would be necessary 
to revise not ouly the figures of areas and revenue but to demand a canal of greater capacity 
possibly one of 18,000 cusecs instead of 14,300, in order to meet the requirements of an increased 
kllarif crop. The Committee are consequently of opinion that under the conditions stated by 
the Commissioner, which imply increased cost of construction and decreased returns, the canal 
a~ an inundation canal, would probably not be productive. 

27. The proposal to test the silting danger by constructing and working the Summers 
supply channel, as a preliminary precaution, does not meet with the approval of the Committee. 
They consider that the test channel, of the nature of a loop in the river, would probably silt, 
and that if used as a supply channel for the Rohri and Kbairpul canals, with a regulator below 
the head of these canals, it would certainly silt. The loop channel worked solely as a test 
might possibly be successful for a- time, but if any conclusion were based on that success it 
might be attended with disastrous results. The Committee are therefore opposed to an 
experiment, involving an expenditure of half a crore of rupees, which would not lead to any 
useful or conclusive result on which a final decision regarding the necessity of constructing 
a barrage could be based. 

28. The Committee recognise the great thought and labour that Dr. Summers has devoted 
to his project, and the thoroughness and care with which the canal estimate has been prepared, 
but they are forced to the conclusion that the risks involved are too great; to justify the cons
t-ruotion of so large and oostly a canal without a barrage and that if the complete scheme is ever 
undertaken, both canal and barrage should be simultaneously completed. 

29. The Comoiittees' conclusions on the three main issues discusSed above may then be 
summarised as follows ;-

(I) that there is at present no evidence that the irrigation in Sind has suffered in the 
past, or will so suffer in the future, that it is obligatory to embark on a very ex
pensive remedial echeme of perennial irrigation solely on that account; 

(2) that the project submi1lted lor sanction will not prove to be a productive work; and 
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(3) that Dr. SUlIlIIlers' proposal for a canal alone. although under very fortunate cir
cumstances it might fulfil what has been claimed for it. is attended by too great 
a risk to justify its acceptance. . . 

30 .. The Committee regret that their deliberations should have led to criticism mainly 
of the destructive order. but a just appreciation of the circumstances in Sind will. show that 
this is not surprising. It is known from the literature on the subject that in the past sixty 
years or so several Sukkur irrigation schemes have been advanced. and that all. without excep
tion. have failed to stand the test of dispassionate examination. The engineers of the day 
have no doubt more science and experience at their command than had their predecessors 
but the earlier engineers 'Were by no means always timid in their conceptions. or backward 
to .press the claims of projects in the value of which they believed. and the reasons why the 
previous schemes were not supported by those who examined them were probably those which 
have actuated the present Committee in their decisions to a large extent. ,The Indus ea.rnes 
a boWitiful supply of water. but the harnessing of a formidable river in a delta entails many 
difficulties and great expense. Sind is an almost rainless country. and the demand for water 
will therefore always be steady; but it is not liable to famine. it is not over populated. and 
the cultivatora are indolent. contented, and unthrifty; they are satisfied with the inundation 
irrigation to which they have been accustomed. and have not been driven by force of circum
stances to the intensive cultivation of large percentage of their holdings. The Irrigation 
Commission. in discussing the proposal before them at the time. wrote: "It seems to us there
fore that if the idea of a weir across the Indus is ever seriously entertsined, the scope must be 
very much wider than Mr. Dawson has contemplated; and that. apart from steadying the supply 
in as many of the existing canal systems as possible. it should provide for something like half 
II million ora million acres of new irrigation. If this was done it is quite possible that an expen
diture of even 4 crores might be contemplated with some prospect of a remunerative return." * 

31. The project under examination has been calculated to cost double the sum mentioned 
by the Commission; and even at that, it is believed to have been under-estimated. In addition 
to steadying the supplies of canals at present in operation. it brings an area of 660.000 acres 
of new land under command but the circumstances of this land are unfavourable to coloni
zation. Of the land which is in large blocks, part is inferior m quality of soil and part is 
situated in the unhealthy Nara Valley, and the Commissioner is doubtful whether either would 
attr~ct a desirable class of colonists. For the rest. the waste is scattered over the existing 
cultivated area and would have to be allotted to the local agriculturists. gom. whom good 
agriculture is not to be expected, and who have alresdy as much land as they can farm. The 
conditions of this land are therefore entirely di:fferent from those of tbe valuable Crown waste 
in the Punjab. and no great accession of revenue can be expected from it. In the rest of the 
commanded area, the proposed canal would convert certsin lift irrigation into flow. it would 
enable higherrates to be assessed on account of more assured supplies, and it might encourage 
an extension of ,obi culti~tion. Desirable as these results would be it will be readily 
understood that wheti the revenue on which the income of a work of great magnitUde 
and expense depends, is the additional revenue to be derived from a tract already irrigated. 
where the cultivators are poor agriculturists, and where there is no incentive to concentrated 
cultivation, the task of framing a remunerative project is necessarily very difficult, if not 
altogether impossible. 

32. Indeed from the remunerative aspect, it is pOSl;ible that the only hope would he in 
the direction of a scheme for a cana.l followed by a barrage as a definite p~oject. In addition 
to the proposal for a Robri canal without a barrage, or without a barrage for an indefinite time, 
a question with which the Committee have dealt in paragraphs 23 to 28 of this report • 

• Report, Volum'!l II. pa.ragrapb 95_ 
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Dr. Summers has suggested the construction of the barrage after the first and second sections of 
the canal have been completed and opened for irrigation. There is something to be said for this 
idea. It would mean that the canal would commence to earn revenue at a comparatively early 
date, and so reduce the burden of the interest debt. There would also be less risk of failure of 

, , 
supply, as without the help of the barrage, water would only be required for the areas pertaining 
to the ,first and second sections, and the barrage would be completed before the third, and lar
gest, section came into operation. But it would be attended with some risks and in the 
absence of very carefully prepared forecasts of revenue and eJiipenditure, accepted by the 
authorities in India, the Committee are unable to give it the necessary critical e:s;amination, 
and mention it only as a suggestion which has come before them. 

33. Reverting to the scheme which has been submitted for s~nction, the Committee are 
{If opinion that it is premature, and that it will not be productive. They nevertheless recom
mend that a complete project should be prepared and kept in readiness in case the necessity 
for perennial irrigation should become imperative. It is conceivable that, although Sind has 
not suffered in the past, it may at some time be affected in the future. I'; that case remedial 
measures, unremunerative in themselves, may be justifiable for other and wider reasons. . The 
ultimate aim of the irrigation engineers must be held to be the utilization of the waters of the 
Indus and its tribunaries to the fullest possible e:Jlitent; and if the action taken in the two North
ern Provinces can be shown to have an injurious effect on Sind, there seems to be ~o reason 
why the productive works of the three Provinces concerned should not be considered in combi
nation. It has been mentioned t~at the two works shortly to come under operation are the 
Upper Swat and the Triple Canals, and it will very soon be known how fur the Indus in Sind is 
affected by them. The further projects in contemplation are the Lower Sutlej and the Sind
Sagar; but of these, the estimate for the former is still in course of preparation, and that of the 
latter has not been commenced, in fact it seems doubtful whether the Sind-Sagar scheme will 
ever be undertaken. There is consequently no extreme urgency to embark on an ambitious 
project in Sind before its details have been sufficiently investigated; and the Committee cannot 
too strongly emphasize the fact that in such important mat~rs as the capacity of the canal, 
and the design of the barrage, no finality of proposals has as yet been reached. 

34. The criticisms on the deficiencies and omissions of the project estimate, which have 
been offered by the Committee in the course of this Report, have been based on the supposi
tion that the site selected at the Bukkur gorge is the best possible position for a canal and 
barrage combmed. They would, however, suggest, 'as an alternative, that the possibilities of 
a site down-stream of the gorge should be examined before the final estimate is prepared. The 
Committee agree with Mr. Beale that a site in the vicinity of the outfall gauge would be' unsuit
able for the reasons given by him*. But it is possible that a few,miles further down-stream 
a site might be found, where the width of the river would be sufficient to permit of the construc
tion of a barrage of the requisite length to prevent any undue aJII.w<:, and where facilities exist 
for the construction of a feeder for the Ghar and Western Nara Canals, which, in the opinion 

of the Committee, should form an integral part of the proj ect. 

35. Assuming that such a site can be secured, the Committee furth'er recommend that 
the following points, to which they attach im~rtance, should receive consideration. 

They agree with the present Inspector-Generalt that a straight alignment for the barrage 
is to be preferred; and would add that the alignment should be, as far ·as possible, at right 

angles to the axis of the stream. 

They strongly urge that the barrage should be designed on what may be called the Egyptian 
type of barrage rather than on t.he usual Indian type of weir with falling shutters . 

• Note, dated 7th Augllst 1913, prepa.rad in view of a.n euquiry made i~ the Secretary of State's telegram to tbe 
Viceroy. dated 17th July 1913. ' , 

t Inlp,o~ion Nate of Hr. M. N~tb9ra:)le, Inspeotor-General of Irrigation, da.ted 13th to 20th December 1912. 
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The work would be founded on sand throughout, but to this the Committee attach no 
objection. It would, in fact, be a less fonpidable undertaking than a similar work at the site 
above the gorge.' • 

In order to avoid interference with existing conditions, the 8.oor of the barrage should be 
placed at as Iowa level as possible, or in other words, as near as may be practicable to the mean
,bed level of the river, and there should be no undlle narrowing of the waterway. 

Regarding the width of openings, the' Committee suggest that the most economical size 
of gate with reference to the initial cost of construction and the recurring charges of maintenance 
should be inveStigated and adopted. And they are of opinion that each bay of the barrage 
should be fitted with two or three gates, and a corresponding number of separate grooves, in 
place of the 16 feet single gates proposed by Mr. Hill. 

36. The advantage~ of the lower site that suggest themselves to the Committee are :
(a) the avoidance of the special difficulties of construction at the gorge, and of the pos

sible danger to stability due to retrogres,sion of levels; 
. (b) the ssving of the heavy cost of the supply channel, and possibly further economy 

owing to reduction in length of the main canal ; 
(c) the probable ssving in the cost of the eJqlensive training works up-stream of the 

gorge, which would be very eJqlensive both to construct and to maintain ; 
(d) the freedom from the risk of causing an avulsion above Sukkur ; 

, (e) the avoidance of bridges, and any other interference in connection with the railway; 
and 

(f) the economy due to a cheaper form of feeder for the right bank canals, from which 
if they could be supplied with ram water at reasonable cost, the Commissioner said 
he anticipated satisfactory returns of revenue. 

37. The Committee are, however, fully aware that the change of site would eliminate 
the Sukkur and Eastern Nara Canals from the beneficial action of the barrage. For the purpose 
of keeping the river free from sand shoals at the heads of these channels, the barrage at the lower 
site would obviously be wholly inoperative; and, at the best, it could have little or no effect on 
the supplies. The question of these canals, therefore, demands the most careful consideration. 
If the withdrawr,ls of the Punjab canals are likely to cause any injury to the prosperity of Sind 
,II the Sind c9.nals from the protective point of view have to be considered. The Sukkur canal, 
it is believed, at present draws a good supply from its upper head but the preseut favourable 
conditions may not always continue. The Eastern N ara supply channel, it is known, is liable 
to silt badly, and the supplies of water are often insufficient for the existing area of irrigation. 
Apart also from the protective aspect of the case, the increased revenue returns from the Eastern 
Nara have, in the project estimate, been calculsted at 7, lakhs of rupees per annum. Capita
lized, this means so large a sum that it is improbable that a corresponding saving could be 
secUl .. d by a change in site. It is possible that, if the conditions of the lower site proved on 
investigation to be favourable in other ways, necessary improvements might be made in the 
Eastern N ara by e:Bicluding the Ghotki 8.oods and by widening the supply channel in order to 
increase the discharge. The pros and cons of the alternative ea1l for local examination before 
any decision can be formed and the Committee have made the suggestion, not because they 
believe it will lead to a remunerative project, but because it would remove the many pro
nounced difficulties of the upper site, and because in a case of such far-reaching importance it 
is desirable that every possible alternative should be investigated before the final estimate 
is prepared. ' 

3S. The advice of the Committee is then that the question of the effect of the Punjab 
canals on Sind should be examined far more closely and exhaustively than has hitherto been 
attempted. In that examination, it i. necessa!y to remember that Sind is an inundation 
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irrigation country, and that any .effect on its ram potentialities does not concern its existing 
conditions. ·If, on that understanding, it can be shown that it must assuredly su:ller by the 
action of the -canals in the nothern Provinces, projects, even though they failed to meet the 
recognised requirements of productive works, would be justified from their protective value. 
But if there is no convinciug evidence to this eflect, perennial irrigation schemes can ouly be 
regarded as improvements on conditions, which, a8 they at present are, appear to be fairly well 
suited to the special circumstances of the country: As merely improvements, to be desired 
but not essential, it may be held that no high remunerative returns need be expected from 
them; but it will no doubt be considered that they should not be worked at a loss and represent 
schemes of unpleasant significance to the general tslG-payer. Simultaneously with the abo,?e 
investigation, the Committee advise the preparation of the best possible project, complete in 
all respects, to be in readiness in case it is required. It is obviously difficult to arrive at a final 
decision until the eflect of the abstraction of water in the Punjab has been precisely determined, 
ana the cost of remedial measures accurately appraised. 

1st D_mber 1913. 

(Signed) 

( " ) 

( " ) 
( " ) 

JOHN W. OTl'LEY •. 

LIONEL JACOB. 

W. L. CAMERON. 

A. L. WEBB. 



MEMORANDUM ON SOME POINTS IN CONNECTION 
WITH THE SUKKUR BARRAGE AND 

ALLIED QUESTIONS. 

I.-Tire Umttilability of tire site se!ecfRi1 for tire ri1Je1' works above tire Buklcwr gorge. 

The disadvantages of this site are referred to in paragraph 16 of the Committee's report 
attention being drawn to the greatly enhanced danger of avulsion to the west, the probability 
of disaster should an earthquake occur, the danger to be feared from a possible retrogreasion 
of levels, and the Ull89.tisiactory nature of the rock foundations. 

The subject is again referred to in paragraphs 34 and 36 of the report, it being pointed 
out that all the above disadvantages, as also others, could be obviated by the selection of 
another site for the works lower down the river. 

It will be observed that the Committee clearly recognised the objections to the site selected, 
but as they were satisfied that the estimates submitted to them would be so largely e.Jiceeded 
as to forbi4 any expectation that the project could be claesed as a productive public work, and 
as they alao came to the conclusion that there was at present no evidence that the conditions 

. were such as to compel the execution of the works even if they were unremunerative, they con
sidered it sufficient to indicate the obj ections to the site selected, and to s;.ggest the selection 
of an alternative one. 

Personally, I go a great deal further than this, and am of opinion, which I believe' is 
shared by Sir Arthur Webb, that the risks to be faced are so serious that in no circumstances 
could I recommend sanction to the construction of any fO,rm of weir or barrage at this site. 

If this view be accepted by the authorities in India, as in my judgment it certsinly ought 
to be, it follows that all idea of linking up the Eastern N al,a Supply Channel with a barrage must 
be definitely abandoned. 

II.-The ElUltem NMa Supply Channel and dependent works. 

It appears that the supply of water to the canals in the Eastern Nara Valley is at present 
far from satisfactory, and the question arises as to the remedy to be applied. 

It would seem that the very first step should be in the direction of the emclusion of the 
Ghotki floods. This according to the information before the Committee, would not cost more 
than 80r io lakhs and should ;;'ot, I think, be delayed. 

I gather that the discharge in the supply channel is interfered with by silt deposits in the 
channel and by the fOmI8tion of shoals in the river in front of its mouth. IiI both cases, dredg
ing would appear to be indicated and should be provided for. 

The supply channel could also be widened to any expent considered necessary but before 
doing this I suggest that it would be well to consider the possibility of partially canalising and 
regulating the channel of the Eastern Nara. I believe that I am one of the very few inspecting 

. officers who have travelled down this channel and my recollection of it leads me to think that 
money judiciously spent on it would lead to a very considerable conservation of water. 

At any rate, I 'think, this suggestion should be carefully conside~ before spending large 
sums on the widening of the supply channel 

The conclusion I have come to after careful consideration is that there should be no in
superable difficulty-in providing all the water required in this direction without the assistance 
of any weir or barrage in the river . 

• 

• 
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III.-bl8tallation of a Self-registeri'l1{J Gauge at Buklctw. 

I would invite attention to the desirability of installing a self-registering gauge at BukIrur 
as a check on the readings of the existing one at that site. 

I understand that one of these gauges was erected some years ago at the mouth of the 
Indus at Keti Bunder, but was subsequently dismantled and .placed in store at Kotri. It 
would be a. great advantage if this could be erected at Bukkur, as it is stated that there is 
considerable difficulty in correctly reading the existing open gauge. So much depends on 
these readings that it seems essential to secure reliability. 

IV.-Some suggestwt18 as regards sekctwn of an alternative site for Barrage. 

In paragraphs 34 to 36 of their report, the Committee indicated their opinion that an 
alternative site might be sought some miles below the gorge, but considered that to say more 
than this would be to. travel ou~ide the scope of the reference to them, 

They, however, agreed with the present Chief Engineer for Irrigation to the Bombay 
Government that no site in the vicinity of the outfall gauge would be suitable, but considered 
it possible that a site might be found a few miles further down stream. 

I am led to make the folloWing obs~ations because I find throughout the old corres-
• pondence constant references to " stable" points of the river as being the ouly points at which 
it was possible to take oft canals with any certainty of maintenance of their heads. 

This is, of course, absolutely true in the case of inundatw.. ~nals, but it does' not appear 
to have been recognised that the construction of a weir or barrage with sufficient guide banks 
enables the engineer to make any point stable. 

Given sufficient money, a weir and a thoroughly protected canaI head can be made anywhere. 
The only question is as to the length of guide banks required. Some parts of the river are more 
stable than others and naturally-other things being equal--:a reach of the river where the river 
does not swing too much should be selected. It may also be possible to find a reach with a 
sharp bend which would admit of a cut-ofl and the construction of the works in the dry. 

The essential points appear to be to select such a site as will-

(1) be sufficiently far below the gorge as not to interfere with the flow through it in any 

way; 

(2) admit of the supply to the Rom Canal area ; 

(3) admit of the construction of a feeder channel to the Ghar and Western Nara 

Canals; and 

(4) interfere as little as possible with the existing irrigation of the Mil's territory. 

So far as I know, there is no a priori reason why such a site should not be found. 

Assuming that such a site can be found, I would recommend the immediate installati~n 
of both an ordinary and a self-registering gauge at the site, and also that cross sections and 
clliocbarges should be constantly observed with a view. to the accumulation of as many data as 

possible prior to actual construction. 

Before spending money on the preparation of a detailed project it is, in my opinion, ab
solutely essential that a delinite understanding should be come to as to the capacity not only 
of the Rom Canal, but also of the right bank feeder which should be calculated to afford the 
neceB8&ry kharif supplies required for the existing irrigation (mostIy rice) on the Ghar and 
Western Nara Canals. . 

I may mention that I understand that during the last two or three years elIitensi.ve elIO

periments in "waterproofing channels" have been carried out in the Punjab, and that 
considerable experience has been gained both as to the expense involved and the results 
obtained. It would seem desirable to tske these experiments into consideration before 
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finaIJy deciding on the capacity of the RoJui. Canal and right bank feeder channel, as it is quite 
conceivable that the discharges otherwise considered necessary might in this way be very 
materially reduced. . . 

As regards the design of the b~e, the Committee have already laid down, in paragraph 
35 of the report, the lines which they recommend should be adopted, and, if desired, I should 
be prepared to submit a sketch of the class of work I would recommend as soon as I was supplied 
with the necessary data. 

V.-Suggestion /J8 to tlie in~e of. Irrigation Officers bet_ tke Punjab aM Sind. 

At the present time the interchange lies between Bind and the Presidency prop.er, but the 
irrigation work of these officers has little or nothing in common and in neither sphere can 
any experience be gained in the construction or maintenance of large perennial canals. On the 
other hand, if Bind is ever to have perennial canals, it would be an unmi:z:ed advantage that a 
considerable number of the staft should have acquired the experience to be gained in the 
punjab both in the construction and up-keep of such canals. If it could in any way be ar
ranged, it would be desirable to amalgamate the two establishments but, failing this, there 
should certainly be very free interchange of officers of all ranks. . 

161" January 1914. JOHN W. OTTLEY. 

, 



APPENDIX C. 

No. W. 1 .. -10515 OF 1915. 

PUBLIC WORKS DEPABTMBIIT. 

Btnnbay Oaatk. 23nl September 1915. 
From 

H. F. BEALE. Esq .• M. INST. C.E .• 

Secretary to t he Government of Bombay: 

To 

THE SECRETARY to the GOVERNMENT oE INDIA, 

Irrigation (Works). 
Public Works Department. 

SIR, 

In &llswer to the marginally noted letters from the Government of India on the subject 
Government of India. of the Sukirur Barrage and Rohri Canal Project. I am directed to say 

No. 270-1 of 16th Fe-
bruary 1914_ that .the Governor in Council is 80 strongly impressed with the 

Government of India 't f - t ad - ured . I - . . S· d No_ 949-1 of 17th June neOOSSI yom r ucmg ass _ perenma trration mto m on a 
1914_ . large scale that he h~pes the remarks he now proposes to make on the 
above project wiIllead the Secretary of State to reconsider the decision recorded in his Despatch 
Public Works. No.1. dated 9th January 1914. addressed to the Governor General of India in 
Council. when the scheme is resubmitted in the somewhat altered form. which will be 
described below. 

2. A rather long delay has taken place in disposing of this reference from th~ Government 
of India as the matter under investigation has been of a difficult and rather complicated 
character. The results finally arrived at appear to the Govern or 'in Council concluhlve as far 
as they can be determined from the information which is available. He has had the advantage 
of reading certain suggestions thrown out by Sir James Wilson. Sir Thomas Holla.nd and Sir 
John Benton in regard to the connection between the use of water in the Punjab and the 
intensity ·of discharge of the Indus at Sukkur. This is the first point for consideration. 

3. The theory is held that the large underground water-supply of the Punjab is diverted 
towards the Indus by the ridge of tertiary limestones extending mostly underground. through 
Bikaner and Jaisalmer to Sukkur. and that probably the open gorge at the latter place forms 
" kind of lip to the great basin. over which the water is forced to How. To wbat extent see page 
from irrigated areas contributes towards this How cannot be stated. but it is recognized that 
the progress of this see page must be extremely slow. . . -

4. In the correspondence referred to, the possibility has been discussed of the Indus river 
leaving its present channel through the Sukkur gorge and carving out for itself a new channel 
to the west of the Sukkur hills. This contin/!ency has frequently been referred to in. recent 
year!!. The departure of the river to the west depends in the first instance upon the river and 
!(round-surface levels. and the protection against such a disaster is the efficient maintenance of 
the Sukkur-Begari ri~r bunds. There is apparently no definite knowledge concerning the 
extent of the dip in the rocky barrier (if this exists) between Sukirur and the Baluchistan 
hills .. 

5. I am to remark that the correspondence referred to indicates some difference of opinion 
on the extent and effect of see poge into the river. The Governor in Council prefers to base 
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his conolusions on definite facts as.far as they are ascertainable; these are the daily river levels 
at SukJrur recorded since 1848, the river discharges observed since 1901, the monthly rainfall 
in the catchment area of the Indus recorded at eleven stations since 1866, and the draw-off in 
the kharif 'and rabi seasons for the Punjab and North-West Frontier Canals, for which figures 
are given smce 1867. The influence of the last item upon the discharge of the river at the 
Sukkur pass has been variously described as probably beneficial and as likely to prove dis., 
astrous to Sind. The draw-off has been as follows:-

Year. Khan! Rabi 
omBOS. cuseos. 

1867-68 .. .. 5,415 - 1,4.34 
1910-11 . . .. 45,695 21,676 

indicating a rise of 40,000 and 20,000 cusecs in the kbarif and rabi seasons, respectively. It. 
=ot, be stated how far this abstraction of water has been felt at Sukkur, but at the 10 feet 
level the addition of 40,000 cusecs to the discharge would raise the water by 6 inches to 1 foot 
and at higher levels j;he difference would be less. 

6. The discharge in the river depends upon the rainf~1I in the catchment area and the 
melting of the snows. The inundation ,period is from June to September, and during this 
period the natural influences indicated may be said to outweigh vastly any possible effect 
of the withdrawals for irrigation. The variations from year to year shown in Statement XI 
attached to the Chief Engineer's note II indicate this very clearly. Even in October, vide , 
Statement X, the average river discharge is seen to vary from 59,000* cusecs in 1904-05 to 

-The Kharif withdraw&ls 119,000 cusecs in 1906-07, and the Chief Engineer bas demonstrated 
in the.e years were:- clearly that the increased kharif withdrawals amounting to about 1904-05 •• 40,000 ouae .. 

1906-07 •• 45,000" 40,000 cusecs in the last 40 years have not affected the general river 

levels in any definite manner, 

.7. This conclusion however does not preclude the possibility of some deleterious influence 
being exerted in special circumstances on the supply a~ Sukkur, but the extent of this influence 

,can for the present be only a matter of conjecture, The discharging capacity of the river 
varies very considerably. In some years of low discharging efficiency, of which 1905 may be 
taken as a type (vide tracing No. !t>, small variations in quantity will affect the water level 

_ much 'llore than in other years, and On tracings Nos. t and t the Chief Engineer has shown 
the difference which would have resulted by the addition or withdrawal at Sukkur of certain 
volumes of water. This may be taken as an indication of the utmost difference tbat could be 
produced by the abstraction of water for inigation in the Punjab. Actually, however, the 
difference is probably a good deal less than what is shown, because of the moderating influences 

on the way. 

'8. I am to say. therefore. that although it is not possible to trace direotly any effect, of 
the Punjab withdrawals on the river supply at Sukkur, there is some reason to believe that in 
the unfavourable conditions of a low river bed combined with a scanty ftow from the catchment 
area, the withdrawals might have an appreciable effect in lowering the water level at SukkUl 
at the beginning and the en,d of the inundation season. which are the oritical periods for 
inuudation canals. For this reason the Governor in Council is of opinion that though the 
dangers of further withdrawals in the Punjab have been very much exaggerated, there is 
still good reason to say that Sind ought to be, protected, by the construction of a barrage, from 
the ohance of any such misfortune a. that just indicated. 

9. A withdrawal of 20,000 cuseos in the rabi.season migkt reasonably be assumed to 
be more appreciable at Sukkur than 45,000 euseos. ab9traoted m.the inundation period, but 
judging by water levels the figures in Statement XIV do not· warrant any assertion to the effect 
that the Punjab irrigation has had any but the sll1&lI .. t e&et upen the minimum water level 
at Sukkur. 

• 
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10. The next point for conSideration is whether Dr. Summers' proposal to make the 
Rohri Left Bank Canal first and the Barmge at some future and probably distant date is prao. 
ticable and adTisable. While the Governor in Council has no doubt as to it., being a practicable 
scheme, he is very strongly of opinion that it would be a serious mistake to allow so lsrge a 
canal to draw off a plenteous supply from the river at times when the water level in the river 
is low. The canal systems on the Right Bank of the Indus have certainly equal claims to 
those on the Left Bank, and the Revenue authorities are being requested to e:x:amine the revenue 
prospects on the Right Bank somewhat more closely, so as to allow of the elaboration of a com. 
plete project as originally intended for both a Left and a Right Bank Canal. The land on the 
right bank is much higher than the land to be irrigated on the eastern or left bank; there are 
various falls in the canal on the Rohri side which allow of a reduction in the canal bed level at 
its mouth, sufficient to take an ample supply from the river at its lowest, but on the Right 
Bank Main Canal there is no 'provision for drops. This consideration effectually sets a veto 
upon any scheme to construct either one or both large canals without a barrage. The Left 
Bank Rohri Canal alone would deprive the present Right Bank Canals of their fair supply 
and the two canals together would prove very formidable white elephanta, if the barrage were 
not constructed at once to give them alimentation both in the Kharif and the rabi season. 

11. I am to draw attention, to the last sentence of paragraph 24 of Mr. Hill's' forwarding 
letter No. W.I.-2583, dated 5th December 1910, and to say that, as at present advised, the 
Governor in Council is strongl Y of opinion that no distinction should be made between the 
relative importance of securing a, good perennial supply to the lsnds on both the Right Bank 
and the Left Bank of the Indus. He is convinced that the present conditions of cultivation 
and irrigation are not suited to the special circumstances of the country, for Sind is calling out 
loudly for improvements and benefits, which the Punjab and United Provinces have.long been 
enjoying. To regard Sind as an inundation country pure and simple would be to adopt a policy 
of stagnation, which, in these days of imlightenment and awakening prosperity, the Goverp.or 
in Council does not find himself able to adopt. 

12. It is an unfortunate circumstance that the rules of the Public Works Department 
make it essential that a productive scheme shall show direct profits from the sale of water 
sufficient to cover all working e:x:penses and 4 per cent. upon the capital cost (direct and indirect) 
of the project within 10 years after the probable completion of the work. The true value of 
the irrigation water is invariably much in e:x:cess of what Government deem it ad,visable to 
charge the cultivators. In the Deccan wate~ used to be sold 20 to 30 years ago for one-half 
of the charges now imposed, and that its real value is about double our present figure is 
shown by the fact that irrigators constantly take the water unauthorizedly, or out of turn, 
and cheerfully pay double assessment fOr it. For the Rohri Project the rates ilia t may be 
imposed for water on the Left Bank of the Indus have been determined with great care by 
Mr. W. H. Lucas, an unrivalled authority upon all such matters, after very e:x:haustive enqUiry 
and discussion, in his capacity as Commissioner in Sind, with all the district officers, and these 
rates, which are a consolidated assessment lor land and water combined, 'are of course -based 
upon those now in force. On the Left Bank the increase provided for is from Rs. 2'71 to 
Rs. 4' 9"2 per acre, and on the Right Bank from Rs. 3 to Rs. 5' 77. 

13. The highest rates proposed, 10 years after construction, are

Consolidated ... essment. 
La!t Bank, per acre. Right Bank, per .. re 

Rice •• .. .. 
Cotton •• .. .w 

Other Kharif .. 
Rabi ... .. .., 

• Ra. II In Hydorabad taluk. oo\y. 

Rs. 
6 

6 
4 

Rs. .. • .. 
31 

41* 61t 
t Ro. 6 in Garhi YB8In taI.ka only • 
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When it is remembered that in Sind cultivation away from flooded areas depends entirely 
upon irrigation, while in the Deccan some sort of crop can frequently be obtained .on rainfall 
alone, and when these figures are compared with those obtained in the Deccan for water only 

triz.-
monsoon fo~ months 
rabi four months 
sugarcane twelve months 

Rs. 3 per acre. 

.. 5 
.. 30 

.. 
.. 

the contrast will readily suggest the probability of somewhat enhanced figures being obtainable 
in the future. This, therefore, is one argument I am to bring forward in favour of an early 

sanction for this scheme. 

14. The principal kharif crop on the Left Bank is cotton and on the Right Bank rice. 
In additio~ to a very considerable increase in the· area of these crops it is estimated that the 
present area of rabi crops will be trebled on the Left Bank and doubled on the Right B~nk of 
the river. This forecast is based on the present condition of Sind, the backwardness and 
poverty of the cultivators, and the difficulty of allotting the fresh lands to outsiders. The 
anticipated proportion of kharif to rabi is very roughly ~ 2 to 1. To satisfy these conditions. 
which for the present the Government of Bombay accept 88 inevitable, the proposed cansl 
section must be three or four times larger than required for the rabi area, hence if an increase 
of cereal crops can by any means be forced in the future, there will be no engineering difficulty 
in supplying any demand for water that may arise without increased expenditure. Thie is 
another direction in which it will not be unreasonable to anticipate some advance upon the 
figures which the Governor in Council, on the advice of the Colllllllssiop,er in Sind, proposes 
to adopt 88 the forecast of irrigation and revenue in support of the project. 

15. But apart from these anticipations, which may be discounted by cautious spirits, 
the undouhted benefits to the whole Province of Sind of an assured supply of water to serve 
abcut 5 million aCr<lS of. culturable land throughout the year, and in every year, the increase 
of agricultural activity which will cause a rapid expansion of popnlation and farmyard stock 
and the vast growth of trade, giving rise to new railway lines and still greater activity at the 
husy port of Karachi, are all of such incalculable importance that the Governor in Council 
oan by no means endorse the opinion elGpressed by the London Committee in their last para.
graph, namely, that perennial irrigation schemes for Sind could only be regarded 88 improve.. 
ments to be desired but not essential, and that though as such it might be held that no high 
remunerative returns n~ed be expected from them, it wonld no doubt be considered that they 
should not be worked at a loss and represent schemes of unpleasant significance to the general 
tax payer. I am to say that the Committee took the view that a scheme which could not 
with absolute certainty yield a profit of 4 per cent. after paying working expenses would be 
working at a loss. 

16. In the opening paragraph of this letter it was stated that the scheme the Governor 
in Council desires to put forward differs to some e>ltent from the one previously submitted : 
One change has already been indicated, namely, the inclusion of the Right Bank Ca.naI; the 
neJit is entirely the outcome of a suggestion made by the London Committee, viz., the abandon
ment of the original site for the barrage and headworks, and their location at some distance 
below the gorge. The Chief Engineer for Irrigation has elilplained this change at length in 
hie note IV, and I am only to remark that there is every reason to believe that the change 
will be advantageous both in facility and in economy of construction. This position will 
not afiect the Eastern Nata Supply Channel adversely, 88 it will probably be possible to pro
vide it with a new mouth below the gorge connecting, in a distance of aeven miles, on to the 
present channel through a gap between the Kohistan Hills, said to be a former passage
of the river. 
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17. The question of cost has to "be approached with much" caution, and the Governor in 
Council does not by giving the figures below intend to do more than produce a general idea 
of what the scheme may work out to. The estimate for the Left Bank Canal may be accepted 
as correct, but for the Right Bank Canal, the original figures being based on data which 
cannot now be accepted as satisfactory, and the scope of the project being somewhat changed 
the figure of cost is only a rough approlilimation. For the barrage, the largest of the estimates 
(Sir J. Benton's), with an addition of 30 lakhs for a Right Bank Canal Regulator, 
has been adopted. The cost (direct and indirect) is placed at Rs. 1,120 lakhs aIid the ultimate 
revenue (accepting Mr. Lucas' figures without alteration) may be Rs. 63'5 lakhs.* The 
net revenue is likely to cover the accumulated interest very nearly by the 10th year after com
pletion and, because with 'both canals the cost of the barrage is spread over a greater area of 
irrigation, the return is comparatively more favourable. The figure of net revenue anticipated 
is apprwaimately 5' 7 per cent; on the capital cost. 

18. I am now to ask for the ,pproval of the Government of India to prepare detailed 
plans and estimates for a complete project including a barrage below the Sukkur Gorge, with 
two large canals taking off as originally proposed on the Right and Left Banks of the river 
to provide a water supply for the" perennial irrigation of the areas now served by numeroUi 
inundation canals . 

• 39'2 Left Bank+24c3 Right Bank = 63'0, see Explanatory Note attaehed to Chief Engineer'. Note VI, 

I have the honour to be, 

Sir, 

AccompanimMU :-
(G) 6 No~ .. by Chief Engineer for Irrigation with 

map' and plana &8 detailed on the first 
page of the aocompaniment .. 

(6) 1 green book of ,aui'" 

Your most obedient servant, 

H. F; BEALE, 

Secretary to Government. 



Accompaniments to Oovernment Letter No. W. I.-IOSIS, dated 23rd September 1915 

Serial I No. 

List of fIUlpB and pIa", to aooompany the 8ukkur Barrage Project. 

Particulars. 

1 Curves showing water levels at Bukkur at two critical periods for 
each year 1848--1914 

2 Curves showing periods for which water rose above certain levels .. 

3 Diagrams showing monthly rainfall in the catehment area of the 
Indus 

4 Discharge curves at Bukkur, 1901-1914 

5 Curves showing results of withcItawals •• 

6 Diagrams showing sub-soil water levels, 1909 and 1913 

7 Maximum and niinim~ cross sections at outfall gauge site, 
1901-1914 

8 

Plan of Hydrographic survey of the River Indus at Sukkur show
ing site of proposed barrage below gorge and contours of the 
country on both banks to determine the alignment of the Right 
and Left Bank Canals , . 

Right Bank Indus-Plan showing lines of levels 1,000 feet apart 
to determine alignment of canal from above a barrage proposed 
at 3 miles from below Sukkur Gorge to join the original Right 
Bank Canal of 1909 Project 

Left Bank Indus-Plan showing levels of country about 2,000 
feet apart to determine tM alignment of cana.! from above a 
barrage proposed at 3 miles below Sukkur Gorge to join the 
origina.! Rohri Cana.! line of 1909 Proj ect 

9 Genera.! map of the Punjab showing 50 feet contours and river 
gauges 

10 Sukkur Barrage-Index map showing position of the barrage and 
guide banks above barrage • • • • • • • • • • 
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N ales by !lIe Ohief Engineer for Irrigation, Bombay. 

The titles of the 6 notes 'are:-

I. Tl:!e effect upon the Indus River at Sukkur of the withdrawals of water for the 
'. "Punjab and No~th-West' Frontier Provinces Canals. 

II. The gain by seepage in the Indus River. 

III. Dr. Summers' proposal to build the Rahri Left Bank Canal first before the 
barrage. 

IV. The position of the barrage above or below the gorge. 

V. The Right Bank Canal. 

. VI. Financial aspect of the scheme. 

1. 

Note on the effect upon Indus River at Sukkur of the witlulrawa/$ of water 
frYr the Punjab and North-West Frontier Provi'l'l0e8 Canals. 

The draw~ff of Punjab and North-West Frontier Provinces Canals in 1861-68 wa, 
small, viz., 5,4}5 cusecs kharif and 1,434 cusecs rabi, and rose gradually as follows:-

Cusecs. Cusecs. 

In 1888-89 to 22,160 kharif and 6,988 rabi. 

In 1897-98 to 32,996 " 13,645 " 

and in 1903-04 to 42,540 "20,185,, 

2. Observations of the actual discharg~of the Indus River at Sukkur have been taken 
lince. 1901 only, and the increase in draw~ff has not been very great since then. But the 
gauge readings (viz., water levels) at Bukkur have been recorded since 1848. Had discharge 
observations for the full period since 1848 been taken, perhaps some definite conclusion as t() 
the eJliact effect of the withdrawals might have been reached, but with gauge readings only, 
no such definite conclusion is possible, because for equ'8.l readings the river discharges vary_ 
considerably. Taking for example the gauge reading of 6 feet at Bukkur, the discharges 
recorded in the last 14 years of this height vary from 53,533 to 211,460 cusecs (see Statement V), 
This variation is due to the llilstable conditionol the river bed. The record of levels from 
1848 to date is, however, a valuable one, and it is necessary to eJliamlne these levels closely 
and endeaVOlIr to draw some conclusiona from them. 

3. The Punjab withdrawals might be expected to affect the kharif supply at the beginning 
and the end of the fl.ood seasons and (if no barrage be constructed) throughout the rabi season. 
The former is obviously the more important consideration in Sind, as the whole irrigated area of 
the Province depends upOJr the inundati"n leve!!, of the Indus in the kharif season, while only a 
few of the oanals receive a rabi supply. The critical periods in the kharif season are from 15th.. 
May to 30th June and from 1st September to 15th October. The examination may, therefore, 
be confined to these periods, and curves marked A have been plotted (sheets t to n) showing the 
actual water levcls recorded in each year. An effort has been made to compensate for the varia
tions above referred to by..reducing the lowest reading of each year to zero and introducing this 
correction for all the other readings. For example, if the lowest reading (which generally 
occurs in February or March, but sometimes in January and even as early as December) was 
+ 1'2 feet on the 2nd March 1905, then all the readings from 1st September 1904 to 30th June 
1905 had 1'2 feet deducted from them. As the period during which the regime of the river is 
most liable to change is the inundatiQD season (June-Oetober), this season must form the 
dividing line from year to year. The" corrected" curves (marked C) have been plotted on the 
.l6me sheets as the actual gauge curves which are marked A. 
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•• 'rhe corrections thus made are based on the assumption that the minimull1 discharge 
in the river does not vary greatly. In Statement IV the variation during 14 years is shown to 

have been from 19.000 cusecs to 36.000 cusecs. a diflerence of 17.000 cusecs. ora variation from 
the mean of 8.500 cusecs. This diflerence in discharge may connote a. dif!e~nce in level of 
from 0'4 feet to over 1 foot on the gauge; but during the period of such small discharges the 
levels may vary rapidly; for example .:~ 

•. Bukknr DilohalJ8. 

.. ga.uge. 
Feet; .. Cuo_. 

17th Janu'!"Y 1906 1'2 22.539 
17th February 1906 .. {j'7 30.047 

In this case in spite of an increase in discharge of 7.500 cusecs the water Illvel fell by 0'5 feet 
The" actual" and the "corrected" curves, therefore. may both be examined, but when consider
ing the supply available for inundation canals the" adual .. water level is the only one to be 
considered. 

5. To make the conditions of. supply somewhat clearer another set of curves has been 
drawn showing the number of days during the two annual critical periods on which the gauge 
(" actual" Oil sheets g and !! and .. corrected" on sheets g and !!) read more than 4 feet, 6 

1 2 S " 
feet, 6 feet. 10 feet, 12. feet and 14 feet respectively at Bukkur. Readings of 10 feet and over 
indicate largish floods spreading over the river banks to a certain extent, and there has been a 

. decided increase of flood levels since the construction of the protective embankments above 
Sukkur £rom 1876 onwards. Readings of 8 feet and under belong to a volume flowing within 
the river banks, which is un3ffected by the protective embankments. An increase or dimi
nution of the periods on the 4 feet, 6 feet and 8 feet charts would (apart. from the variations 
already referred to) indicate a greater or smaller supply in the river. At first sight it appears 

that the discharges ,!II recent years are more favourable than the discharges in the earliest years 
before much irrigation was practised. This may be due to a cycle of good and bad years. 

But if the period 1867-1914 only is examined it is possible to prove either a gain or a loss 

by alternative selections of the groups of years to be compared with each other. The most 
convincing comparison should be between the J 3 years of lowest irrigation from 1867 t() 
1860 and the 13 years of highest irrigation from 1901 to 1914. The correspoDding kharif 
draw-oti was ,-

1867-80 

1901·14 •• 

Average draw-off . 
• useea. 

0,443 

42,133 

This comparison might be taken to indicate a redllction of supply to Sind of about 37,000 

cusees in the latter group of years. Both the actual and corrected Cllfves on sheets No. ~ to ~ 
1 • 

mar be e",amined. If it should be said that there was apparently some reduction of supply. it 
can also be asserted that the intermediate period, 1881-1900, while irrigation was increasing. 
showed a lI10re unfavourable result than either, and certainly that the river l~vels during the 
earliest period recorded, w.., froin 1848 to 1866, with little irrigation in the Punjab, were very 

. much lower than in reeent years. 

6. It is. therefore, impossible to draw any definite conclusion to the effect thai Punjalt 
irrigation has caused either an increase or a decrease in the river disch!.rge during May-June 
an~ f!leptember-OctobeJ'. 

,. The annual discharge CUf'le I)f the Indus· River represents the mean discharging 
capaoity of the river for each level, based on all the observations taken at Sukkur dll.ring tha 
,-ear. 

• 
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This discharge curve has been plotted for each year since 1901 (tracings No. ~ .to ~ 
1 • 

Q tl;ached). It will be seen that the range of discharge for various levels has been as follows :_ 

Beadi"lon Discharge in cusecs 
Bukk ... gaug .. (averag .. for the year.) 

From to 

4 feet • • .. .. 40,000 lOS,OOO 

6 feet .. . . •• 66,000 IS0,000 

S feet .. .. • • .. 10S,000 272,000 

The variation of the individual observations has, of course, been very much greater (wae 
paragraph 2 above). 

S A rainfall curve marked R has been drawn on the sheets Nos. ~ to ~howmg' the • 1 3 

tote! monthly rainfall at eleven stations in the catchment area of the Indus. The figures of 
rainfall from whjch these diagram.~ are prepared are shown in Statement IX-A. 

9. The variation of rainfall is considerable, and in addition to this, there is a variation in 
the snow fall, vide Statement IX-B and in the rate of melting of the snows. The fluctuation 

of annual river levels is well shown by the A curves in sheets f to f.; compared with this 

fluctuation the difference in river level due to the Punjab withdrawals is not very marked when 
the water levels are 10 feet or more. 

10. There is, however, another aspect of the case to be taken into account. Unless some 
proof can be given that see page from the irJ;igated arel!- back into the river does occur to an 
appreciable ~nt, it m11st be evident that in a bad year the abstraction of water in the Punjab 
must to a certain eJlitent diminish the already low supply of the river. The 6 feet level in the 
river gives a very poor supply in most of the inundation canals, and the curves on sheet B 

Nos.! to ! show that the Bukkur gauge (" actual" A) was less than 6 feet between the 
1 If 

dates given in the following statement. The purpose of this detailed statement is to show 

between what dates the scarcity occurred. 

Days 011 which BuJclcll/T gauge was less than 6 feet :-
-

loth May to 30th June. I lot September to 15th October. I Number 
Ye", of 

(Number 01 daye given in brackets.) cia,...· 
, 

184S .. .. .... Froin 23rd September onwards 22 
1849 .. .. .... From 5th Octo,ber .. .. 10 
IS50 .. .. Till 4th June (19) .. .. From 23rd September-four 

days (IS) .. .. .. 37 
1861 .. .. .... From 23rd September " .. 22 
1852 .. .. From 3rd June to 15th June(12). From 25th September (20) .. 32 
1853 .. .. From 24th May to 4th June (11) From 20th September (25) .. 36 
1854 .. .. Nine days in May (9) .. .. From 21st September (24) .. 33 
IS55 .. .. TillSth June + six! days (29) .. Eight days, and from 27th Sep-

tember (26) .. .. .. 55 
1856 .. .. Till 27th May (12) .. .. From 2nd October (13) .. 25 
IS57 .. .. Till 27th May+9 days (21) .. From 1st October (14) .. 35 
IS5S .. .. Four days in June (4) •• .. Nine days and from 6th Octo-

ber (ISr .. .. .. 22 
IS59 .. .. Two days in May (2) .. .. From 24th September (21) .. 23 
1860 .. .. Three days in June (3) .. From 16th September (29) .. 32 
1861 .. .. Three days in May (3) •• .. From 2nd October (13) .. .16 
IS62 .. .. Till 26th May (11) .. .. . ... 11' 

• 
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1864 
1865 
1866 
1867 

1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901. 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
'1.911 
1912 
1913 
1914 

Year 
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15th May to 30th Juue 1st September to 15th Ootober. 

(Number of days given in braoket.r.) 

.. Till lIth June-three days in 
May (23) .. From 24th September (21) 

From 26th September (19) 

From 27th September (18) 
.. Till 14th June-12 days in May 

and June (17) From 8th October (7) .. 

Till 23rd May (8) 
Till 27th May (12) 

.. One day in May (1) •. 

.. Till 31st May-six days (9) 

.. Five days in May (5) 

One day in May (1) 

Silo days in May (6) 

Till 25th May (10) 

Silo days in May (6) 

From 23rd September (22) 

From 29th September (16) 
From 24th September (21) 

.. From 3rd October (12) 
From 1st October (14.) 
From 12th October (4) 

From 7th October (8) 
From 14th October (1) 
From 13th October (2) 
From 30th September (15) 
From 12th .October (3) 
From 13th October (2) 
From 9th October (6) .. 
From 11th October (4) 
From 29th September (16) 
From 1st October (14) 
From 2nd October (13) 
From 13th October (2) 
From 7th October (8) 

Till 8th J une-seven days (16) 

From lOth October (5) 
From lOth October (5) 
From 30th September (15) 
From 1st October (14) 
From 11th October (4) 
From 29th September (16) 
From 23rd September (22) 

.... 

Till 22nd May (7) 
Thisteen days in May (13) 
Till3rd June (19) 
One day in May (I) 

Three days in May (3) .• 
.. Three days in May (3) •• 

From 5th October (10) 

From 5th October (10) 
From 13th October (2) 
From 13th October (2) 
From 23rd September (22) 
From 29th September (17) 
From 5th October (11) 
From 1st October (i4) 
From 2nd October (13) 
From 23rd September (22) 

.. From 29th September (16) 
From 5th October (10) 

Number 
of 

daye. 

44 
19 

18 

24 
22 

24 
33 
13 
23 

4 

8 
1 
7 

15 
4 
2 
6 
4 

16 
14 
13 
8 
8 

10 

6 
5 
5 

15 
14 
4 

32 
22 

10 

10 -
2 
2 

29 
30 
30 
15 
13 
25 
19 
10 

II. The deficiencies in the month of May are. comparatively unimportant. Omitting 
these, there are eleven years for the first critical period (column 2) yielding less than 6 feet in 
.J line, of which ·only two are in recent times (1898 and 1909). For the second critical period 
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(column 3) there are eleven years in which the gauge was continuously over 6 feet, but less that 
6 feet were registered in 31 years in October only, and in 25 years in both September and 
October. Of tlielatter, 16 are in the earliest 24 years, 1848-71, only' 3 in the 24 years from 
1872-95, and 6 in the 19 years from 1896-1914. 

12. If it be assumed that the abstraction of kharif water in the Punjab involves a reduc
tion of river discharge which is only slighly compensated for by an increased see page due to 
the greater fall in river levels (see Note n, para. 12, kharif withdrawals), it is evident that in 
those years in which 6 feet on the Bukkur gauge gives a discharge of less than 1.0.0,.000 cusees, 
the abstraction of 45,.000 cusecs would make a serious difference, and with the increased with. 
drawals of 15,.0.0.0 in the immediate future = 6.0,.000 cusecs and possibly an ultimate total of 
70,000 cusecs later on, there is little doubt that the Sind inundation canals would suffer more 
severely than they have hitherto done in years of low discharge. Every day gained for irriga
tion in the September-October period is of importance. For Sind a low mean discharge 
curve would generally indicate a favourable condition for irrigation, because for given discharges 
the water level remains higher than usual. The mean discharge curves for 1903, 1904 and 1905 

(tracing ~) all show less than 100,00.0 cusecs discharge for 6 feet on the Bukkur gauge, and these 
I 

years are described in the administration reports respectively as good, average an~ excep-
tionally good. The following table (based on Statement VI attached) shows how the water 
levels of 6 and 8 feet in these years might have been aHected had the Punjab draw-<>fi' been 
5,.000 cusecs only or if it had been 6.0,0.00 or 7.0,.000 instead of about 4.0,.0.0.0 cusecs. On tracings 

No.!. and:!.. red lines have been drawn to indicate the probable water levels that would 
1 • " 

have been obtained under the various conditions named :-

Punjab withdrawals in cubic feet per 
second 

Sukkur levels-feet 
Sukkur levels-feet 

5,000 
7'7 
9'1 

4.0,.0.0.0 
6'.0 
8'.0 

6.0,.000 
4'7 
7'2 

7.0,000 
3'8 
6'7 

The figures show that the greater the abstraction, the more severely it will be felt. They are 
. very rough averages, applicable to the conditions prevailing in years 1904, 1905 and 19.06. 

13. The first increase of 35,.0.0.0 cusecs Causes a reduction of l' 7 and 1'1 feet and the 
subsequent increase of 3.0,000 cusecs causes a further reduction of2'2 and 1'3 filet at the" levels 
mentioned. Similar lines have been drawn for all the years since 1901 when systematic 

. v 'v 
gauging was commenced (vide sheets "1 to .). 

14. Three other statements.are attached,-statement VII showing the character of each 
inundation in Sind as officially reported, statement VIn showing the variation of water levels 
week by week in the bad years and statement IX the periods of insnflicient supply in July and 
August. 

H. F. BEALE, 

7th July 1915. OMef Enginel!r, Irrigation. 

.. 



Statements Nos. I to IX-B accompanying Chief Engineer, 
Irrigation's Note No. I. 
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1867-e8 •• · . 2,0\5 .. .. 
186~ •• · . 1,971 .. .. 
1869-70 •• · . 2,419 · . .. 
1870·-71 •• · . 2,391 · . .. 
1671-72 •• · . 2,200 · . · . 
18n-73 •• .. 2,019 .. .. 
1673-74 •• · . 2,508 · . · . 
187~75 •• · . 2,229 .. .. 
1875-76 •• .. 1,879 · . .. 
1676-77 •• .. 1,748 .. · . 
1877-78 •• .. i,823 .. · . 
1876-79 " · . 2.001 .. .. 
1879--80 •• .. 2,501 .. .. 
1~1 •• .. 2,759 .. .. 
1861-82 •• · . 1,954 .. .. 
188M3 •• .. 2,72.'1 .. · . 
1863-84 •• 60 3,036 .. . . . 200 1_ •• 2,860 .. .. 
1865-86 •• 650 3,196 .. .. 

863 2,365 1_ •• .. 
3,\28 3,395 152 1867-88 •• .. 
3,691 3Il1 1886-89 '. 3,628\ .. 
3,666 3,593 245 1886-90 •• .. 
3,949 3,648 ! 409 1890-91 •• .. 

1891-82 .. 4,061 3,482' 407 .. 
1892-83 •• 4,024 3,620 1,653 .. 
1893-84 .. 4,426 3,196 1,700 .. 
1894-86 .. 3,374 3,292 1,959 .. 
1895-96 •• 5,073 4, 25 2,403 .. 
~96-97 •• 6,163 4,840 2,774 .. 
1897-88 •• 5.495 4,776 4,242 .. 

. 1896-99 " 5,479 4,503 5,436 .. . 
1899-1900. 6.767 5,236 7,409 .. 
1900-81 .. 6,149 4.867 8,794 

'240 1901-62 •• 5,288 4,796 8,469 
1902-03 .• 6,966 6,331 9,303 642 
1903-84 .. 6,465 5,267 9,111 1,458 
1~5 .. 5,941 5,512 9,110 2.157 
1905-06 .. 6,390 6,543 9,663 2,646 
1901l-{l7' •• 6.178 4,873 9,162 2.935 
1907-08 .. 5,063 5,141 9,226 3,182 
1906-09 •• 5,199 5,093 9,298 2,987 
1906-10 .. 3,990 6.189 8,296 3,115 
1910-11 .. 3.439 5,162 9,223 3.025 

. 1911-12 .. 6,300 5,627 ' 9,349 3,278 
1912-13 .. 6,330 5,462 9,749 3,178 

, 
-!I . . .. 

~ --~.-" .. 

BTA.TEMENT No. I. 

8/a1ement ,lwwing average Klw.riJ withdrawals in lhe Punjab and N orlh-We8t Fronlier Province. 

11!-< ~ t,< ! ! j .a ... 
1 

.a ! ~l 1l . 1 .s=""A 1] ] ~! 12 ~o~ = :z;~ 
. ~ -8~ • .2 ..... 

-8 .~ '~-:r ~ U .3 ! J] -!Jr@ ]l~ J1= I! ] ... J: s .il .g~ ] h ] -0 r§l,g 
,,=h J~'j ll'" j; .., ll~ '&, j] ~ ii u ; p .~ ~~oS.s .... !~ ~ .s 0- t3 ::.I ~ I:> fIJ C> ...1 

DOO .. 2,500 I .. .. . . .. .. · . .. · . . . 
800 .. 2,000 .. .. .. .. .. .. · . · . . . 

1,000 .. 2,200 .. .. . . .. .. .. · . . . . . 
900 . . 2,600 100 .. .. .. .. · . .. " . . 
900 .. 2.200 150 .. .. .. .. · . .. . . . . 

1,000 .. 2,700 150 .. .. .. .. .. .. .. .. 
600 .. 2,500 150 .. · . .. .. .. · . . . . . 
SOO .. 2,600 160 .. · . .. .. · . .. . . . . 
SOO .. 2,200 150 .. .. .. .. .. . . . . .. 
500 .. 2,600 160 .. .. .. .. .. .. " .. .. 
800 .. 2,600 150 .. · . .. .. .. · . . . .. 

i,OOO .. 2,000 200 .. · . .. .. " . . . . .. 
900 .. 2,000 100 .. .. · . · . .. 
935 . . 2,600 150 . . 1.800 .. 4,500 .. 1880 -81 . . 

1,403 2,700 200 4,500 .. .. 2.800 .. .. . . .. . . 
934 .. 2,800 200 .. 2,700 .. 4,500 · . .. .. . . 
759 .. 2,500 100 I.S00 .. 4,300 .. .. .. .. .. 

1,170 .. 2.800 200 .. 2,400 .. 4,SOO .. .. .. .. 
1,132 .. 2.700 200 2,200 .. 4,500 .. . . .. 729 
1,577 80 .. 

4,500 506 2,SOO 200 2,800 .. .. .. .. 
1,400 500 

.. 
4,500 495 2,976 260 2,000 .. · . .. 

600 
.. 

624 1,318 3,807 250 2.800 4,600 .. .. 1888-89 
630 

.. 
4,600 727 2,309 3,697 250 3,390 2,469 .. .. .. 630 

.. 
4,500 663 1,745 3,699 300 .. 1,686 2,798 200 .. . .. 

1,373 646 2,867 300 .. 1,601 .2,289 3,500 170 .. .. 421 
1,811 854 3,972 300 .. 2,467 1,727 3,981 300 .. .. 702 
2.056 880 2,626 150 .. 2,441 2,184 3,713 160 .. 686 
3,067 931 2,647 371 .. 2,701 3,058 5,049 208 1894-95 1,302 
1,961 987 '2.567 441 .. 1,769 2,210 4,694 163 .. .. 986 
2,179 940 2.502 570 .. 2,049 2,250 4,645 239 .. 719 
2.539 1,004 2,742 664 165 2,741 1,941 4,888 359 1897-98 977 
2,227 1,109 2,517 301 291 2,219 1.766 3,093 252 .. .. 929 
2,728 1,364 2,687 392 302 1,994 2.466 3,461 230 846 .. .. 
3,218 1.642 2,7-14 466 306 2,885 3,036 3,493 428 .. .. 1,106 
3.641 1.428 2.125 286 325 2.303 2.573 2,894 262 .. .. 989 
3,209 1,204 1,875 374 114 I 1,626 2,436 3,606 334 .. 774 
3,248 1,761 2,623 558 677 2,209 2,800 4,020 396 323 1903-04 803 
3.691 1,636 2,276 279 427 1,736 2,869 2,884 337 78 
4,730. 1,939 3,001 410 246 2,558 3,002 3,028 369 315 .. 73 i'l:It= &81lo.2 6,628 1,887 2.929 363 664 2.796 3,754 3,371 317 351 395 ~~~i 2,846 1,414 1,832 413 367 1,905 2,997 2,210 236 291 120 hi~.§ 3,849 1,247 3.415 468 460 2.818 2,336 4.130 376 660 283 
5,4!l8 1,490 2,727 461 677 2,820 2.748 4.835 394 416 284 L'lI . 4,957 1,831 3,293 683 726 2,466 3,523 5,337 428 584 245 
4.530 2,055 3,572 379 166 1,710 2.993 3,694 276 2SO 5 o~~~~ 
4,479 1,443 2,669 481 819 2,327 2,629 5,005 470 439 Not given Z!:Il:Igtla 

uf!!tIl 
.. ',.,., ........ .!o.,~. ,~ .• _-~ __ ." . ,. .~.lI ... -'<. __ ."-_, __ • ..-_ ..... """'"- ___ - - _ .. _--

k 

g! 
j;l;i 
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. . .. . . 
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120 
242 
475 
661 
472 
687 
523 
630 
495 
423 
449 
555 
463 
606 
620 
576 
590 
713 
931 
.820 
892 
919 
917 

. 904 
996 
874 

1,268 
1,241 

, 

l 
5,415 
4,771 
5,619 
5,991 
5,460 
5,869 
5,758 
5,779 
5,029 
4,998 
5,373 

, 5,201 
5,501 

12,744 
13,557 
13,859 
12,555 
14,230 
15,427 
15,933 
19,271 
22,160 
26,947 
24,813 
21,640 • 
26,941 
24,712 
28,382 
27,707 
30.425 
32,996 
30,717 
36,401 
39,670 
36,099 
37,305 
42.540 
39,743 
44,794 
46.411 
38,140 
43.621 
43.834 
45,695 
44.371 
46.611 
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~ 
~ 
~ 

Average 5,443. 

J .. 

Average 42,133. 

a. 
~ 



~4~ :bfo.. n. 
S~~ flfowmg 'f1lflN~ ~ Draw-<>./f i,. r"",fab af!/l N ort!!-'If ~ 'r<n!/ifJr Oanals. 

y ..... 

1867~8 •• 
186~9 •• 
1869-70 .. 
187()"71 •• 
1871-72 .. 

1872-73 •• 
1873-74 •• 
1874-75 •• 
1871)-'·76 .. 
1876-77 •• 

1877-78 •• 
1878-79 •• 
1879-80 .. 
188~1 .. 
1 881-82 .. 

1882...{l3 •. 
1883-84 •. 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
I 
I 
1 
I 

I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
1 

884-85 •• 
885-86 •. 
886-87 •• 

887-88 •• 
888-89 •• 
889-90 •• 
89()"91 •• 
891-92 .. 

892-93 •. 
893-94 •. 
894-95 •. 
895-96 •• 
896-97 .. 
897-98 •. 
898-99 " 
899-1900 
90(),.01 •• 
90H)2 .. 

902-@ •. 
903~ .. 
904-05 •• 
905-00 •• 
906-07 •. 

907-08 •. 
908-09 •. 
909-10 •. 

91(),.11 . . 
911-12 " 
912-13 '. 

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

Swat 

~ lIari 
Doab. 

Kabul 

.. 1,434 I .. l,7!!8 .. 1,476 

.. 2,012 

.. 1,946 

.. 1,657 .. 1,592 

.. 2,050 

.. 1,525 

.. 1,342 

.. 1,130 .. 1,958 

.. 2,073 .. . 1,950 .. 1,681 

.. 1,994 

.. 1,658 

.. 2,091 
249 2,257 
317 1,950 

392 2,164 
468 2,129 
534 1,862 
471 9,387 
630 ~~470 

500 2,764 
441 2,784 
475 3,019 
475 2;558 
526 ~,793 

519 2,739 
517 2,638 
607 2,286 
535 2,984 
571 2,186 

586* 2,091 
777 2,513 
671 2,804 
717 2,678 
703t 3,166 

879 2,144 
831 2,670 
852 ~,916 

745 8,347 
1,095 2,697 
1,059 2,497 

Lower 
Sirhind (ll .. ",.b Sbidhnai Jbelum. Total. 
Canal. Canal. Canal. 

· . . . · . .. 1,434 

· . ~ ! · . .. l,728 
.. .. .. .. 1,476 .. .. · . .. 2,012 .. .. . .. .. 1,946 

.. .. .. .. 1,657 

.. .. .. .. 1,592 .. .' . .. .. 2,050 .. .. .. .. 1,526 
· . .. .. .. ' 1,342 

.. .. .. .. 1,130 

.. .. .. ... 1,958 

.. .. .. .. 2,073 .. .. .. .. 1,950 

.. .. .. .. 1,681 

.. .. .. .. 1,994 
10 .. .. .. 1,668 

120 .. .. .. 2,211 
918 .. .. .. 8,424 

2,001 .. 40 .. 4,308 

3,747 108 50 .. 6,461 
4,041 250 100 .. 6,988 
4,258 282 58 .. 6,994 
4,574 238 108 .. 7,'178 
4,505 320 108 .. 8;038 

3,'163 1,135 450 .. 8,6la 
4,719 1,529 540 .. 10,013 
4,595 2,115 310 .. 10,514 
5,01'1' 2,288 140 .. 10,478 
4,920 3,735 140 .. 12,114 

5,814 4,913 160 .. 13,645 
4,667 5,907 .. .. 13,729 
5,358 5,877 .. .. 14,128 
4,321 8,318 390 .. 16,548 
4,868 6,293 .. 457 14,375 

4,563 6,763 .. 94'1 14,950 
6,485 8,026 450 1,934 20,185 . 
4,528 8,263 337 2,592 19,195 
4,755 7,528 290 8,047 19,015 
5,148 7,572 940 8,47& 21,005 

4,379 6,667 .. 8,652 17,721 
4,261 8,080 .306 8,23!/ 19,387 
4,011 e,169 714 3,486 20,148 

4,889 8,247 975 3,523 21,676 
5,154 8,150 .. 8,660 20,756 
4,794 6,3640 .. 3,576 18,292 

, -~- _l = 
t Pabarpur Cual opened. 
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STATEMENT No, III, 

Statement showing the minimum gauge readings of the river Indus at Buklcur from 
the year 1848-49, ' 

R, L, of Zero of gauge = 184'44, 

Date, Gauge Year. I Bemarlm. .. , , Reading, . , - , . , . · , .. , , ! · . 
, , , . .. 

3rd March 1849 0'58 1848-49 . . " .. ' , .. 
24th February 1850 0'83 1849-50 ... .. · . · , 
28th December 1850 .. .. 1'50 1850-51 
8th February 1852 .. .. 0'25 1851-52 · , 
2nd FebrullllJ' 1853 0'25 1852-53 .. .. .. 

· , 
2nd February 1854 0'10. 1853-54 .. , . · . · . 
13th February 1855 .. .. -0'17 1854-55 
14th January 1856 .. .. 0'42 1855-56 
10th January 1857 .. . , 1'17 18p6-57 
25th January 1858 1'67 1857-58 -.. .. 

' , 

5th January 1859 .. .. 2'00 1858-59 
28th January 1860 .. .. -0'17 1859-60 
12th March 1861 .. .. -0'42 1860-61 
23rd February 1862 .. .. -0'92 1861-62 
12th March 1863 .. .. -0'50 1862-63 .. 

23rd February 1864 -1'92 1863-64 
· . .. .. 

25th January 1865 .. .. -0'33 1864-65 
10th December 1865 2'08 1865-66 

· . .. .. 
19th February 1867 .. .. -0'33 1866-67 
3rd February 1868 .. .. -0'50 1867-68 

4th February 1869 .. .. -0'42 1868-59 
14th February 1870 .. .. -0'08 1869-70 
13th February 1871 . .. . , -I '67 1870-71 
16th December 1871, .. , , -0'67 1871-72 
13th February 1873 .. .. -I '25 1872-73 

27th January 1874 .. .. 0'08 1873-74 
16th February 1875 .. .. 0'08 1874-75 
2nd January 1876 .. .. 1'50 1875-76 
14th January 1877 .. .. 1 '33 1876-77 
17th November 1877 " .. 3'33 1877-78 -

16th February 1879 .. .. 1'42 1878-79 
19th February 1880 '" .. -0'08 1879-80 
18th December 1880 .. .. 0'00 1880-81 
12th January 1882 " .. 0'00 1881-82 -
18th January 1883 .. .. 1'83 1882-83 

23rd January 1884 .. .. 1'67 1883-84 
II th January 1885 .. .. 0'58 1884-85 
14th December 1885 .. .. 0'42 1885-86 
24th February 1887 , .. .. 1'92 1886-87 
24th January 1888 . , .. 0'67 1887-88 

3lat January 1889 .. .. 0'75 1888-89 
19th March 1890 .. .. .0'00 1889-90 
2nd December 1890 .. .. 2'67 1890-91 
II th March 1892 ,., .. 0'08 1891-92 
9th January 1893 .. .. 1'42 1892-93 
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STATEMBN'l' No. TII.-{continued,) 

Dote, . 

I 
Gauge 

I 
Year, Reading 

6th January 1894 .. . , 0'00 1893-94 
17th December 1894 , , .. -0'17 1894-95 
26th January 1896 .. .. -0'33 1895-96 
15th January 1897 .. .. -0'50 . 1896-97 
19th February 1898 .. .. -0'60 1897-98 
16th February 1899 .. .. -1'20 1898--99 
8th March 1900 .. .. -0'70 1899-1900 
28th December 1900 .. .. 1'70 19~1 

27th March 1902 .. .. -0'60 1901-02 
9th March 1903 .. .. 1'00 1902~3 

1st March 1904 .. .. 1'50 1903~ 

2nd March 1905 .. .. 1'20 1904~5 

8th February 1906 .. .. 0'60 1905~6 

4th February 1907 .. .. -0'60 1906~7 

1st April 1908 .. .. .. -2'00 1907~8 

25th February 1909 .. .. -2'40 190~ 

23rd February 1910 .. .. 0'50 1909--10 

8th January 1911 , , .. .. '0'50 1910--11 

30th March 1912 .. .. .. 1'60 1911-12 
19th February 1913 .. .. 1'20 1912-13 
11 th February 1914 .. .. 0'70 1913-14 

Remark& 

Discharge, 
-

(32,000) on 2nd January 1901 
+ 1'8, 

(24,000) 
(18,947) . 
(29,000) 
(27,000) 
(24,000)22,639 on 17th Janua ry 

1906 + 1'2, 
Discharge, 
(1) 32,951 on 19th Januar y 

1907-0'2, 
25,712 
37,410; 36,026 on 17th Februa ry 

h 
1909-2'2. 

36,142 ; 30,813 on 26th Marc 
1910+0'6. 

(1) 33,200 on 10th Janua ry 
1911+0'6, 

35,311 
23,730 
23,719 

Bracketed disoha.rg .. ..,. Ih080 guooaed at; the others .... actually gauged, 

1900 
1901 
1902 
1903 
1904 
1906 
1906 { 

1907 1 
1908 
1909 

1910 I 
1911 

1912 
1913 
1914 

STATEMENT No. IV. 

SflJtement slwwing the minimum discharge of the I MUS at Sukkur for eaoh 
year from 1901-14. 

)lukkur 
~ at o~tfall gauge lite. gauga 

feet. 

, ,28th December .' +1'7 Not given, 
, ,2nd January +1'8 32.000 
,,27th March -0'6 24,000 
,,9th March +1'0 18,947 
' ,1st March +1'5 29,000 
,,2nd March +1'2 21fJOO 
, ,8th February +0'5 24,000 
.. 17th January +1'2 22,539 
· ,2 nd February * -0'5 33,143 (* On 4th February-O'6 
• ,19th January -0'2 32,951 was a lower reading,) 
,,1st April -2'0 25,712 
, ,17th February " -2'2 36,026 
.. 23rd February .. +0'5 36,142 
• ,26th March +0'6 30,813 
· ,I Ot!l January t ' , +0'6 33,200 (t On 8th January+O' J 

; ,30th March 
was a lower reading,) 

+1 '6 35,311 
.. 19th February .. +1'2 23,730 
· , 11 th February " +0'7 23,719 

NoI&--'~ Observed •• in Roman. U Dedoc.ad " In Ita-lies. 
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ftr4~~ ~p, v. 
Statement 81wwing observed diBckarges with 6 ft. (5' 6 to 6 ' 4 ft,) 011 the Bu1ckllA' 

gauge for eafJk year frqm 19O1-14, 

Date, DiscbrJge in ....... Gauge~ 

1901. 
12th April., , . 101,193 6'1 
29th April" .. , , .. 104,411 0'8 

1902-Nil, 

1903, 
28th April" .. , . 69,281 6'S 
26th October .. .. 75,406 6'3 
28th October .. ." 79,274 6'2 
30th October .. 71,076 6'0 
21l1! November .. .. 70,832 0" 

l~04, 
5th April .. .. .. , ' 62,593 11'8 
6th April .. .. 63,236 5'7 
7th April .. .. 61,911 5'6 
9th April .. .. 53,533 Minimum, 0'8 
12th April" .. 72,532 6'0 
14th April " .. 76,846 6'0 
16th April" .. 77,991 6'0 
18th April " .. 79,427 6'0 
27th April" .. 76,966 6'2 
29th April" 65,400 5'9 
2nd May .. .. 76,710 6'0 
6th May .. 78,617 6'3 
5th October .. 7l!,2a& 6'1 
7th October .. .' , 69,853 5'8 
10th October .. 65,333 5'6 

1905, 
22nd April" 84,110 6'1 
11 th October .. 101,050 6'2 
13th October , . 90,728 6'0 

1906, 
10th October 136,861 6'4 
13th October .. ' , 119!88~ 6'1 , , 

1907. 
27th April" , , .. 151,79& 6'8 

1 1108. 
6'. 1st May .. 163,391 

BthMay .. .. i47,'i'4~ 5'9 
l3thMay , , .. It4,07~ 5'7 
15th May .. .. 132,4611 5'~ 

27th May .. .. , . 131,631 5'9 
30th May .. , , 138,5Q 5'6 , . 
9th June .. , , 169,~q 6'~ 

I11O!1, 
·119,873 5'6 29th May .. , , 

29th Septemher , , 211,460 Mazit/lum. 6'4 

2nd October " 
177,589 6'1 , , 

6th October ." 14~,705 5'6 .. 
£0.--, ,,,c, AlAi .. : "" ;="*,,,,4; _ ct 
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'Dato. Diaoharge ill CUlec& 

2Bth April .. 
30th April .. 
IBth May .. 
28th May •. 
2Bth September 
1st October 

19th April .. 

1st May 
4th May 
8th May 
11th May .. 
15th May .. 
IBth May 
21st September 
25th September 

17th May .. 
25th September 
27th September 
1st October 

15th April .. 
18th April .. 
22nd April .. 
25th April .. 
30thMay .. 
7th October 
7th November 

1910. 

1911. 

1912. 

.. 
1913. 

1914. 

4nalyBi8. 

In 1901 the two values averaged 102,000 cusecs. 
In 1902 there are no figures. 

In 1903 small variations, 70,000 to BO,OOO. 
In 1904 greater variations, 53,000 to 79,000. 
In 1905 higher values, 84,000 to 101,000. 

In 1906 two values averaged 12B,OOO. 
In 1907 only one value, 152,000. 

In 190B variations from 132,000 to 170,000. 

In 1909 four values from 120,000 to 211,000 maximum. 
In 1910 variations from 142,000 to 197,000. 
In 1911 one value only 159,000. 

In 1912 variations from 120,000 to 151,000. 
In 1913 four values from B5,OOO to 13B,ooO. 
In 1914 variations from 70,000 to 163,000. 

141,752 
154,772 
163,394 
167,591 
196,829 

_162,447 

158,958 

136,489 
119,850 
126,484 
150,662 
129,299 
124,692 
138,701 
128,341 

85,383 
13B,510 
lOB,513 
99,516 

135,013 
71,209 
84,367 
73,205 
69,739 

162,635 
132,939 

I dauge Reading. 

5'6 
5'8 
5'9 
5'8 
6'2 
6'0 

6'2 
5'7 
/)'7 
tI-4 
5'S 
5'9 
0'1 
!I'S 

6'4 
5'7 
5'8 
5'9 
6'4 
5'7 
5'9 
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STATEMENT No. VI. 

Slatement showing actual a_age discharges at Sukkur for 6, 8 ana 10 feet levels at Bukkur 
in 1901-13 ana the change of levels that wotdd have OCC'U'lTeO. had the 

Punjab wi1lubawals been less IW greater. 
IV lV 

[NoI<.-The discharg .. are meoaured of! the m .... discharge C1ll"V5- to -. ] 
1 3 

6 feet levels. 
6 feet level at Bukkur, discharge 
Punjab Kharif withdrawals 

Assume Punjab withdrawals 
The discharge might have been 

Equivalent to gauge reading of 

.. 

1901. 
Blue 

cuaeo& 

105,000 
36,000 

5,000 
105+31 

=136,000 
7'2 

190!. 

1902. 
G ..... 
ouaeo& 

74,000 
37,000 

5,000 
74+32 

=106,000 
7'6 

1902. 
AssllIJ).e Punjab withdrawals .. 
Discharge might have been 

60,000 70,000 60,000. 70,000 

Equivalent to gauge readings of 

8 feet levels. 
8 feet level at Bukkur, discharge 
Punjab Kharif withdrawals 
Assume Punjab withdrawals .. 
Discharge might have been 

Equivalent to gauge readings of 

Assume Punjab withdrawals .. 
Discharge might have been 

Equivalent to gauge readings of 

10 feet levels. 
10 feet level at Bukkur, discharge 
Punjab Kharif withdrawals 

Assume Punjab withdrawals .. 
Discharge might have been . 

Equivalent to gauge readings of 

A88ume Punjab withdrawals .. 
Discharge might have been 

Equivalent to gauge readings of 

6 feet levels. 
6 feet level at Bukkur, discharge 
Punjab Kharif withdrawals 

Assume Punjab withdrawals ", 
The discharge might have been 

Equivalent to gauge readings of 

.. 

.. 

105-24 105-34 
=81,000 =71,000 

4'8 4'2 

160,000 
36,000 
5,000 

160+31 
=191,000 

8'8 
190!. 

60,000 70,000 
16()'-"'24 160-34 

=136,000 =126,000 
7'2 6'9 

241,000 
36,000 

5,000 
241+31 
272,000 

10'6 
190!. 

60,000 70,000 
241-24 241-34 

-217,000 -207,000 
9'5 9'2 

1903. 
Yellow 
cosec&. 

67,000 
41,000 

·5,000 
67+36 

=103,000 
7'8 

74-23 ' 74-33 
=51,000 =41,000 

4'4 3'3 

115,000 
37,000 
5,000 

115+32 
=147,000 

9'0 
1902. 

60,000 70,000 
115-23 115-33 

=92,000 =82,000 
7'0 6'4 

193,000 
37,000 

5,000 
193+32 

-225,000 
10'6 

1902. 
60,000 70,000 

193-23 193-33 
=170,000 =160,000 

9'5 9'3 

1904. 1905. 
Scarlet Pink 
ousecs. c.eees. 

72,000 80,000 
39,000 43,000 

5,000 5,000· 
72+34 80+38 

- 106,000 =118,000 
7'6 7'7 

• 

.. 
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BT.{TII!oIENT No, VI-(cont ... ued), 

Assume punjab with-
drawals " 60,000 

The discharge might 
have been 67-19 

=48,000 
Equivalent to gauge 

readings of 
8 feet leve~, 

8 feet level at Bukkur, discharge, 
Kharif withdrawals in Punjab " 
Assume Punjab withdrawals 
The discharge at Sukkux might 

have been 

4'7 

1903, 

70,000 

67-29 
=38,000 

3'8 

108,000 
41,000 
5,000 

108+36 
=144,000 

Equivalent to gauge readings of . 9'1 
1903. 

Assume Punjab with-
drawals " 60,000 70,000 

.1904, 

60,000 70,000 

72-21 72-31 
=51,000 =41,000 

4'6 3'7 

U8,000 
39,000 

. 5,000 

118+34 
=152,000 

9'1 
1904. 

60,000 70,000 

1905, 

60,000 70,000 

80-17 80-27 
=63,000 =53,000 

5'1 4'4 

126,000 
43,000 
5,000 

126+38 
=164,000 

9'2 
1905. 

60,000 70,000 
;rhe discharge at Sukkur 

might have been 108-19 108-29 118-21 118-31 126-17 126-27 
=89,000=79,000 =97,000 =87,000 =109,000 =99,000 

Equivalent to gauge read
ings of " 

10 feet levels, 
. 10 feet level at Bukkur, discharge 
Punjab Kharif withdrawals 
Assume Punjab withdrawals " . 
Discharge might have been 

Equivalent to gauge readings of .. 

6'7 

177,000 
41,000 
5,000 

177+36 
=213,000 

10'8 

7'2 6'7 

188,000 
39,000 
5,000 

188+34 
=222,000 

10'8 

7'3 6'9 

190,000 
43,000 
5,000 

190+38 
=228,000 

10'95 
1903, 1904, 1905. 

Assume Punjab with-
drawals , . 60,000 70,000 60,000 70,000 60,000 

Disc.harge might have been 177-19 177 -29 188-21 188-31. 190-17 
=158,000 =148,000 =167,000 =157,000 =173,000 

Equivalent to gauge read-
ings of " 9'5 9'2 

6 feet levels. 
6 feet level at Bukkur, discharge. 
Punjab. Kharif withdrawals 
A88ume Punjab Withdrawals 
Discharge might have been 

Equivalent to gauge readings of . 

1906. 
Blue 

• useos. 

117,000 
.45,000 

5,000 
117+40 

=157,000 
7'6 

9'5 9'2 9'5 
1907. 
Green ........ 
136,000 
38,000 
5,000 

136+33 
=169,000 

7'1 

70,000 
190~27 

=163,000 

9'2 
1908. 

Yellow 
ouaec&. 

156,000 
43,000 
5,000 

156+38 
=194,000 

7'0 
1906. 1907. 1908. 

AssUme Punjab 
drawals .. 

Discharge might 
been 

with-
60,000 

have 
. " 117-15 

=102,000 
Equivalent to gauge 

readings of 5' 3 
8 feet leve~, 

8 feet level at Bukknr, discharge. 
Punjab Kharif withdrawals 
Assume Punjab withdrawals 
Discharge might have been 

Equivalent to gauge readings of , 

70,000 60,000 70,000 60,000 70,000 

117 -25 136-22 136-32 156-17 156-27 
=92,000 "":'114,000 =104,000 =139,000 =129,000 

4'9 5'0 4'6 5'4 5'1 

168,000 196,000 235,000 
45,000 38,000 43,000 
5,000 5,000 5,000 

168+40 196+33 235+38 
=208,000 229,000 =213.000 

9'3 8'9 8~ 



72 

STATEMENT No. VI-(oontinued). 

1906. 1907, 1908, 
Assume Punjab with-

60,000 70,000 60,000 70,000 60,000 70,000 
have 

drawals " 
Discharge might 

been 168-15 168-25 196-22 196-32 235-17 235-27 
=153,000 =143,000 =174.000 =164,000 -218,000 =208,000 

Equivalent to gauge 
readings of 

10 feet levels, 

10 feet level at Bukkur discharge, 
Punjab Kharif withdrawals 

Assume Punjab withdrawals " 
Discharge might have been 

Equivalent to gauge readings of, 

Assume Punjab with-

7;5 

60,000 
have 

198,000 
45,000 

5,000 
198+40 
238,000 

10'2 
1906, 

70,000 60,000 

7'0 

275,000 
38,000 

5,000 
275+33 

-308,000 
10'7 

1907, 

70,000 60,000 

330,000 
43,000 

5,000 
330+38 

=368,000 
10'7 

1908, 

70,000 drawals 
Discharge might 

been 198-15 198-25 275-22 275-32 330-l7 330-27 
=183,000 =173,000 =253,000 243,000 =313,000 =303,000 

Equivalent to gauge 
readings of 

Ii feet kvels, 

II feet level at Bukkur, discharge, 
Punjab, Kharif withdrawals 

Assume Punjab withdrawals '" 
Discharge might have been 

Equivalent to gauge readings of , 

Assume Punjab· with-

8'5 

60,000 
have 

8'2 

1909, 
Red 

0,.,..., 

180,000 
44,000 

5,000 
180+39 
219,000 

6'9 
1909, 

70,000 60,000 

9'2 

1910, 

ousooo, 

155,000 
46,000 

5,000 
155+41 

=196,000 
7'2 

1910, 

70,000 

9'7 9'5 

1911, 
Blu. 

c\\aecs. 

158,000 
44,000 

5,000 
158+39 

=197,000 
7'0 

1911, 

60,000 70,000 drawals " 
Discharge might 

been 180~16 180-26 155-14 155-24 158-16 158~26 
=164,000 =154,000 =141,000 =131,000 =142,000 =132,!l00 

Equivalent to gauge 
readings of 5'5 5'2 

8 feet kvels, 

8 feet level at Bukkur, discharge. 272,000 222,000 245,000 
Punjab Kharif withdrawals 44,000 46,000 44,~ 

Assume Punjab withdrawals 5,000 5,000 5,000 
Discbarge might have been 272+39 222+41 245+39 

=311,000 =263,000 =284,000 
Equivalent to gauge readings of • 8'8 8'8 8'8 

1909, 1910, 1911, 
Assume Punjab with-

60,000 70,000 60,000 70,000 60,000 70,000 
have 

drawal. " 
Discharge might 

been 272-16 272-26 222-14 222-24 245-16 245-26 

Equivalent to 
readings of 

gauge 
=256,000 =246,000 208,000 =198,000 =229,000 =219,000 

7'7 7'5 7'2 7'7 

.f 
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STATIBISNT No, VI-(ootICluded), 

10 feet levels, 
1909, 1910, 1911, 

10 feet level at Bukkur, discharge 373,000 326,000 342,000 
Punjab K,harif withdxawals 44,000 46,000 44,000 

Assume Punjab withdrawals 5,000 5,000 5,000 
D~rge might have been 373+39 326+41 342+39 

=412,000 =367,000 =381,000 
Equivalent to gauge readings of 10'7 10'9 10'7 

1909, 1910, 1911, 
Assume Punjab with-

60,000 70,000 60,000 70,000 60,000 70,000 
have 

drawals " 
Discharge might 

been 373-16 373-26 326-14 326-24 342-16 842-ro 
=357,000 =347,000 =312,000 =302,000 =;126,000 =316,006 

Equivalent to gauge 
readings of 

6 feet levels, 
6 feet level at Bukkur, discharge 
Punjab Kharif withdxawals 

Assume Punjab withdrawals , , 
Discharge might have been 

Equivalent to gauge reading of 

Assume Punjab withdrawals 
Discharge might have been 

Equivalent to gauge rea.dings of 

8 feet levels, 
8 feet level at Bukkur, discharge 
Punjab Kharif withdrawals 

Assume Punjab withdrawals " 
Discharge might have been 

Equivalent to gauge readings of 

Assume Punjab withdrawals 
Discharge might have been 

Equivalent to gauge readings of 

10 feet 1eiJels, 
10 feet level at Bukkur, discharge· 
Punjab Kharif withdrawals 

Assume Punjab withdxawals 
Discharge might have been 

Equivalent to ruge readinge of 

Assume Punjab withdxawals , , 
Discharge might have been 

Equivalent to gauge readings of 

9'7 9'5 

... 

60,000 
138-13 

=125,000 
5'7 

9'9 

1912, 
Green. 

138,000 
47,000 

5,000 
138+42 

=180,000 
6'8 

1912, 
70,000 

138-23 
=115,000 

5'5 

250,000 
47,000 

5,000 
250+42 
292,000 

8'7 
1912, 

60,000 
250-13 

=237,000 
7'8 

.. 
60,000 

372-13 
=359,000 

9'8 

70,000 
250-23 

=227,000 
7'6 

312,000 
47,000 

5,000 
372+42 

=414,000 
10'6 

1912, 
70,000 

372-23 
=349,000 

9'6 

9'7 9'7 9:5 

60,000 
107-13 

=94,000 
5'6 

60,000 
188-13 

=175,000 
7'7 

60,000 
302-13 

=289,000 
9'S 

1913. 
Yellow. 

107,000 
47,000 

5,000 
107+42 

=149,000 
7'1 

1913, 
70,000 

107-23 
=84,000 

5'0 

188,000 
47,000 

5,000 
188+4.2 

=230,000 
8'S 

1913, 
70,000 

188-23 
=165,000 

7'5 

302,000 
47,000 

5,000 
302+42 

=344,000 
10'6 

1913, 
70,000 

302-23 
=279,000 

9'6 



STATEMENT No. VII. 

Slaifflietil showing the chamet"". of inll'llllatitm SeaStmB in Sind from 1873 to 1912. 
-~ 

Year. I ChaIllCter. Y ..... I Character. I Year. I Cha .... ter. I 'Year.,· Characte .. 

1873 · . Verr unfavourable. ~883 Unfavourable. 893 · . AnomaloUll. 1903 · . Good. 

1874 · . High and good. 1884 · . Remarkably good. 1894 · . Almost perfect. 1904 · . Average. 
-, 

1875 · . Not very goad. 1885 · . Elliceptionally good. 895 · . Disastrous. 1905 · . &ceptionally good. 

1876 · . Favourable. ~886 · . Very good. 896. .. On thewhole satisfactory. 1906 · . Very good. ~ 

1877 · . Bad. 1887 · . Very poor. 1897 · . Exceptionally favourable. 1907 · . Very poor. 

- .. 
1878 · . Very good. 888 · . Bad. 1898 · . Poor. 1908 · . Good. 

1879 · . On the whole favourable. 1889 · . Exceptionally good. : 1899 · . Very poor. 1909 · . On the whole good. 

1880 · . . Very bad. 1890 · . Fair. 1900 · . Most favonrabl~. 1910 · . On the wbole favourable . 

1881 · . Favourable. 1891 · . Poor. 1901 · . Normal. 1911 · . On the whole satisfaetDry. 
I 

1882 · . Very good. 1892 · . Very poor. 1902 · . Very bad. 1912 · . Not favonrable. 
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STA:rEMENT No. IX. 

StcItemetIt 8llowing periods oj imujfiqie'1lt water ktIel in the river Indua in July and Augmt. 

Dayoin 

Year. Total dayo on whioh the water l.vel 

I 
at Bukkur fell below 10 feet. 

July. August. 

1848 · . .. .. .. 11 4 15 

1849 .. .. .. .. 19 2 21 

1850 .. . . .. .. 28 · ... 28 

1851 .. " . .. .. 5 3 8 

1852 · . .. .. . . · ... 4 4 
. 

1853 .. .. .. .. · ... 12 12 

1855 .. .. .. 12 15 27 

1856 .. .. .. .. 18 · ... 18 

1857 .. .. .. .. 27 · ... 27 

1859 .. .. .. .. 19 6 25 

]860 · . .. .. .. 19 · ... 19 

1861 .. .. .. .. 12 5 17 

1862 .. .. .. .. 6 .... 6 

1864 .. .. .. .. 12 4 16 

1865 .. .. .. .. 8 . ... '8. 

1867 .. .. . . .. 10 3 13 
. 

1868 .. .. .. .. · ... I I , . . 
1869 .. .. .. .. · ... 6 6 

. 
1873 .. .. .. .. 10 · ... 10 

.. . 
IS7/l .. .. .. .. 3 · ... ' 3 

1876 "" :-. 4 4 .. .. .. .. · ... 



1880 

1881 

1883 

1887 

1888 

1892 

1893 

1895 

1896 

1901 

1902 

1907 

1908 

1909 

1910 

1911 

1. .12 

1913 

.. 

.. 

.. 

. Year. 

.. .. 

.. .. 

.. .. 

.. 

, .. 
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STATEMENT No. IX-(concluded). 

Do.ysin 
Tot&l days on which the water ..... 

I 
at Bukkur fell below 10 fee •. 

July. August. 

I 
.. · ... 2 2 

.. 5 .... ;; 
-

I :a .. · ... 2 

: 
6 6 

2 2 

14 14 

8 8 

14 2 16 

"j · ... 1 1 
I 

I 
i 

10 10 

4' 7 11 

26 1 27 

/) /) 

17 17 

2 2 

10 6 16 

7 7 

13 9 22 



1866· 
1867· 
1868 •• 
1869 .. 

1870 •• 
IS71. , 
IS72 .. 
1873, , 

IS74, , 
1875, , 
1876, , 
1877 .. 

187S, , 
1879" ' 
1880, , 
IS81 .. 

IS82, , 
1883, , 
1884 .. 
1885, , 

1886 .. 
1887 .. 

STATEMENT No. IX.A. 
Statement ,howing the total minfall at 11 statiom reprod'llCe<l. be1mo,for tiJch month of mch year from 1866 to 1913. 

(Simla, Murree, LudhiaM, Lahore, Sialkol, Rawalpituli, Pellhawa'l", nera Ismail K1IMI, Montgomery, Mulilln and KU8hab.) 

y..... I Jan....,.. I l!"ebratU1. I March. I April I May. I June. I July. I August. I September. I o.tober INovember." IDeoember·1 

· . · . · . .. . . 8'99 15'86 7'33 22'03 53'83 67'23 3'36 0'90 . . .. *There are no figures 

· . · . · . 3'46 6'20 7'00 19'82 18'13 10'62 37'30 73'24 12'20 2'19 .. 4'10 available for these 

· . .. .. 7'69 11'30 16"86 29'34 12'80 18'60 53'70 33'10 11'06 1'90 0'20 8'96 years for Murree. 

· . · . · . 14'40 5'50 58'23 4'44 1'39 22'73 93'44 37'41 67'58 8'10 0'03 2'66 . -
.. , , .. 3'39 3.00 25'00 3'80 1'92 44'49 55'22 77'90 21'40 3'50 .. 2'62 

.. .. .. 2'04 31'66 0'40 4'70 17'60 51'SO 82'30 37'50 15'27 0'13 .. 5'50 

.. .. .. 13'80 9'40 13'10 15'33 16'77 22'90 93'30 67'90 29'90 0'60 2'10 2'20 

.. .. .. 6'70 4'60 12'50 2'00 33'50 ·2'70 85'50 '67'30 36'10 4'70 0'40 8'10 

.. .. .. IS'60 8'00 16'90 10'40 6'50 28'04 91'S2 55'90 24'40 0'50 .. .. 

.. .. .. 1'10 18'90 3'40 0'20 12'60 15'80 86'00 89'30 7I '50 11'20 5'26 6'74 

.. .. .. 7'60 6'50 5'70 17'90 9'90 15'40 72'02 . S1'3S 20'00 13'10 7'78 0'30 

.. .. .. 22'40 35'60 23'20 44'40 5'60 19'50 33'10 15'50 35'10 21'86 41'82 16'12 

.. .. .. 8'60 23'00 1'80 36'90 37'70 8'10 63'00 106'30 7'40 2'70 .. 1'70 

.. .. .. 0'10 l'SO 10'90 0'30 1'30 41'40 49'10 9S'70 15'30 0'30 .. .. 

.. .. .. 1'10 11'60 .. 0'40 13'20 30'30 97'50 28'30 21'20 .. 2'30 7'50 

.. .. .. J '30 20'10 28'30 20'74 9'76 26'80 63'60 65'90 8'50 3'00 0'10 1'90 

.. .. .. 21'20 12'30 3'SO 15'60 3'00 13'70 99'30 67'90 44"90 0'10 .. 0'70 

.. .. .. 18'60 2'60 6'70 5'00 24'50 12'20 64'40 47'20 54'80 3'70 16'70 1'80 

.. .. .. 10"80 10'30 19'50 8'00 5'40 29'80 67'60 69'90 51'80 14'00 2'40 1'30 

.. .. .. 34'90 5'50 11'10 36'60 44'10 19'80 42'40 78'00 20'80 1'60 .. 10'30 

.. .. .. 31'40 4'70 42'40 4'30 10'80 25'05 89'20 42'10 il'10 10'00 1'.60 5'60 

.. .. .. 12'~0 1'10 8'80 15'20 I 0'40 16'70 51'20 80'20 22'00 2'00 .. 3'10 

~ 



• 

1888, , .. .. .. 11'10 12'00 7'20 4'10 2'70 l4'20 63'80 70'50 19'20 4'30 I 7'60 0'60 
1889, , , . .. .. 31'50 35'20 7'00 12'20 13'30 17'90 97'20 63'87 8'20 .. , . _0-60 

1890 .. .. .. .. 6-30 2'84 U-U 12-24 6-51 24'67 93-83 105'25 15'39 6'05 16'89 20-41 
1891 .. .. .. .. 33'34 22'18 31'71 13-36 ' 9'18 5'45 32-38 82-31 27'16 12'80 2-18 .. . 

1892, , .. , , .. 3'34 6-71 4'26 0'34 8'87 15'49 91'41 133'89 31'15 0-84 0'99 11'14 
1893" .. .. .. 44-95 46'46 14'30 12'01 27-18 40'37 104' 01 22'45 56'19 3'57 0-40 5'70 

• 
1894- , .. .. ... 44'65 24'62 25'46 11'07 6'80 55'73 114'93 57'33 24'73 1-14 4'17 19-35 
1895, , .. .. 25'90 11'97 30'48 13'43 1'83 ~7'25 37-37 98-68 8-78 1'17 1'15 0-84 
1896, , .. .. 16'66 18'43 12'19 2'51 4'54 23'65 47-32 56'13 12-94 2-48 6-16 5'47 
1897 .. .. .. .. 27'33 12'97 15'66 16'15 8'64 13'39 46'38 96-84 17'60 1'08 .. 10'26 

1898, , 
, 

0'31 37'74 0'72 1'60 12'74 19'48 83'49 50-64 32-22 0'20 11'67 .. .. .. .. 
1899, , .. .. .. 1'06 18-72 8'91 8'41 3'53 28-46 49-56 32'46 ·6-53 2-56 0-40 0'47 
1900, , .. .. .. 23'30 13-28 8'87 19'15 16'59 0"83 64'00 69'30 154"96 4-26 0'33 20'31 
1901 .. .. .. .. 31'82 24'58 19'52. 9'62 38'01 10'21 60'06 69'06 20'07 1'81 , , 1'13 

1902 .. .. , . . 0'10 1'22 9'42 11'30 12'14 33-66 45-40 43'85 26-53 4'S2 1-22 .. t2 
1903, , .. .. .. 13'71 1'85 28'17 5'73 ·20'62 7'12 • 72'27 70-84 41 -91 1-42 0-43 6'94 
1904, , .. .. .. 27-80 0-79 53'65 2'90 8'53 9-60 57'35 55'50 13-47 3-91 7'04 8'12 
1905" .. ,., .. 30'93 26'27 21'38 6-13 5'70 . 6-47 58-60 37'03 55-76 1'52, 0-02 19'68 

1906 .. .. .. .. 9'58 55'98 32'97 4'74 5'J4 30'76 55'61 105'69 65-27 . 1 '51 .. 9-22 
1907 .. .. .. 17'25 43'49 29'05 33'20 7'78 21'45 26'60 86'23 2'12 1'45 0'15' -, . .. 
1908, , .. .. .. 19'91 13'13 3'40 30'88 8'44 5'71 94'36 122'83 54-84 1'77 0-58 7'31 
1909, , .. . ,. .. 8'94 19'15 4'59 21'34 3'87 31 '15 102-36 67'44 37'78 3'40 .. 21-82 

1910, , .. .. .. 24'01 10'72 5'32 16'69 3'40 47-45 72-1S 92'04 IS-64 3-38 0'01 6'47 
1911 .• .. .. .. 49'90 5'15 71'S9 S'80 2'45 26-44 14'74 47-47 27'72 7'78 13'45 2'53 
1912 .. .. .. .. 24'78 5'64 6'91 23'12· 9'59 7'72 63-44 65'89 17-46 0'76 2'24 2'69 
1913. , .. .. .. 2'34 27'07 16'97 4'71 16'62 35'39 61'34 71'46 13'73 1'10 2'55 9-92 

--' 
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STATEMENT No. IX-B. 

SJatement showing the nature of the snowfall in the whok mottfItain zone 8UN'oonding 1M Punjab. 

Year. 

PS76 · . · . 
11S77 · . · . 
/laT8 · . · . 
/1879 · . · . 
/18S0 · . · . 
/1881 · . · . 

:E /1882 · . · . 
~ 11883 · . · . 
.. -< 1884 · . · . 
:II /1885 · . · . 
~ /1886 · . · . 

/1887 · . · . 
/1888 · . · . 
/1889 · . · . 
/1890 · . · . 
LIS91 · . · . 

1892 · . · . 
1893 · . · . 
1894 · . · . 
1895 · . · . 
1896 · . · . 
1897 · . · . 
1898 · . · . 
1899 · . · . 
1900 · . · . 
1901 · . · . 
1902 · . · . 
1903 · . · . 
1904 · . · . 
1905 · . · . 
1906 · . · . 
1907 · . · . 
1908 · . · . 
1909 · . · . 
1910 · . · . 
1911 · . · . 
1912 · . · . 
1913 · . · . 
1914 · . · . 

. 

Janua.ry 
to April. 

March. 

-1'0 +2'0 
+3'0 +2'0 
+2'0 +2'0 
-1'0 -1'0 
-1'0 -1'0 
-1'0 -1'0 
-1'0 -1'0 

0 -1'0 
+1'0 +2'0 
+1'0 +2'0 
+0'5 -1'0 
-1'0 -1'0 
-1'0 -1'0 
-1'0 -1'0 
-2'0 -1'0 
+3'0 +2'0 
-3'0 -1-0 
+3'0 -1'0 
+1'0 -1'0 
-0'5 -1'0 
-0'5 -1'0 
+1'0 +2'0 
-2'0 -1'0 
-1'0 +1'0 
-0'5 +2'0 
+1'0 +2'0 
-2'0 +1'0 
+0'5 +1'0 
+1'0 .,...1'0 
+3'0 +1'0 
+2'0 +20 
+3'0 +2'0 
-2'0 +1'0 

0 +2'0 
0 -1'0 

+3'0 0 
-2'0 -1'0 

0 +2'0 
0 '0 

Scak emplbyeil. 

+ 1= Slight. 

+ 2= Moderate. 

+ 3= Great, 

May. Rem&<ks. 

+1'0 
+3'0 Exceptionally heavy. 
+3'0 Do. 

0 
0 
0 
0 

+3'0 
+2'0 
+3'0 

0 
0 
0 
0 
0 Very light. 

+3'0 Exceptionally heavy. 
0 Very light. 
0 Heavy. 
0 
0 
0 

+2'0 
+2'0 Very light. 
+1'0 
+2'0 
+1'0 

0 Light. 
+2'0 
+2'0 

0 Heavy. 
+2'0 Heavy. 
-1'0 Very heavy. 
+2'0' Light. 

0 
-1'0 

0 
+1'0 Very light. 

0 
+1'0 

-
I 

.. 
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II. 

Nore on lhe gain by seepage in tl.e Indus River. 

Dr. Summers in Volume 12, page 22, of the Barrage and Canal project has written 'a not& 
on seepage between Sukkur and Kotri. He 'shows detailed figures. 

Dr. Summera' figures for October only of the years 1903 to 1908, but on page 24 he gives 
for ... page. , h esuJ f hi I··f-t· h' th "1 t e r t 0 s ca c""" IOns, sOWIng e average seepage per Ull e 
between Sukkur and Kotri for those 6 years, 'as follows:-

Average previous fall in] 
riV81' surface. 

October 
November 
December 
January 
February 
March 

Seepage. 

65 cusoos. 
23 

" 
15 

" 
13 

" 
8 " 

" -2 " 

5'7 feet. 

3'0 " 
1'5 " 
O'S tJ 

rise 0'2 " 
" 0'9·" 

His argument is that the floods spread into d1iands * and over the banks, and that this 
water returns to the river when the level falls and its flow is confined 

• viz., old river channels. I to fewer channels or to only one channe. 

2. The argument is nndoubtedly correct, but the point for investigation is whether 
a correct conclusion has been drawn from the figures obtained. Th& 

n E
1
:1:Lration may be distance from Sukkur to Kotri by the stream is 260 miles and evapors.-

os tion has been assumed at O' 4 inches per day which is a liberal allow-
anoe for the cold weather. On the assumed width of 3,500 feet, this amounts to rougbly 
1,850 cusoos for the whole length or 7 cusecs per !nile. The average monthly discharge of the 
Indus from Octobey to January varies from 120,000 eusecs to 30,000 cusecs. The loss by 
evaporation, being under 2,000 cusecs, is hardly appreciable. And as it is only necessary to 
ascertain what seepage there is in eJ<cess of the normal loss by evaporation tills item may be 

neglected. 
3. A further diminution of supply is due to the draw-01l' by canals, which in October 

Draw.off for canals. 

is given as 5,000 to 10,000 cusecs, say, 7,000 cusoos on the average 
but in the later months, it does not exceed 2,000 cusoos. We may 
assume;-

October •• •• 7,000 cusecs. 
November .. 3,000" 
December, January, February and March 2,000.. each. 

As there are no tributaries to the Indus in the length considered, the discharge at Kotr 
should be 10<\8 than at Sukkur roughly by these figures. 

4. In Statement No. X the cold weather discharges at SuIclrur and Kotri are compared. 

Compariaon of 6 
montha' cold weather 
disoha.rge at 8ukru a.nd 
Kotri. 

The seepage back to the river is generally most pronounced in October. 
as there is always a very abrupt fall in water level in September and 
October. Another Statement No. XIII is attached giving the falls 
in water levels a fortnight before the month periods of October, November 

and December: The greater and more rapid the fall the more pronounced should be the gain. 
by seepage. 

5. It may be noted that the river discharges have been gauged throughout with Has
kell's current meter, and the operations at Sukkur have been always 

Aoalysi. of If&tement& under the direct superintendence of the present temporary Assistant 

Engineer, Mr. G. Davies. The work is being Iione very carefully. An 
examination of the figures of 13 years given in the statements mentioned in paragraph 4 shows 
that there is no great regularity in these figures, and certain extraordipary variations aeem to 
prevent definite reliable conclusions b3ing drawn. 
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The years, which do not conform at all to the average, 8re-
1901, 1909 . 

~nd to some ement, 
1912,1906 and 1908 

all of these showing too slllltll a gain by seepage for the fall in water level. It is evident that 
an appreciable amount of seepage does occur, but it is attributable only to the river overflow, 
.and this will continue as long as the floods in the Indus and its tributaries are not seriously 
interfered with. The figures given do not in any way indicate that water given for irrigation 
returns in any great quantity to the river. To prove this assertion we may compare the lesses 
in the inundation season, with the gain in the cold weather. 

Comparison 01 4 mono 6. The average kharif discharge of all the canals between Sukkur 
ths' inunda.tion disoha.rge 
at 8ukkurand Kotri. and Kotri is 32,000* cusecs, and the loss during June, July, August 

• (20.000 to 30,000 d S b b S K . British.) an eptem er etween ukkur and otn after deducting this draw 
(2,500 to 5,500 Khair· of! is shown in Statement No. XI. 

pur.) 

7. The loss in those 4 mont~ is compared with the gain in the subsequent 6 month~ in 
Statement No. XII and, with the exception of 1902-1903, and 1907-0S, 

Comparing I... and this clearly demonstrates that, quite apart from the amount of water 
gain in tha two periods. used for irrigation, a vast amount of flood water spreads into the ~ound 
between Sukkur and Kotri and does not return to the river within that distance. Hence, 
these figures cannot be used to prove by analogy a gain in seepage from the increased area of 
irrigation in the Punjab. It is impossible to tell how much of the 32,000 cusecs a month with
-drawn for canals between Sukkur and Kotri in the inundation period would, if left in the river,. 
spread to the sides and then return to the river by seepage in the cold weather, but it is safe 

to say it would make very little difference, as this discharge would add 
t See coll1Dlll8

N 
0XIand 7 in flood time only a few inches to the water level. The loss t between 

()f 8tatomen' o. • 
Sukkur and Kotri in excess of the draw-of! (during the inundation 

season) is about equal to the draw-of! on the average, viz., 4 x 32,000 cusecs= 12S,000 cusecs, 
.and it might be argued from this that with double the draw-of! by canals there would be on the 
average no further losses, and hence possibly no gain by seepage, but averages are of no use in 
such a case. The years of least loss were- . 

1902 35,100 cusecs for 4 months. 

1907 •. .. 20,100 " "." 

.and these were the only years in which the gain by seepage in 6 months was greater than 
the loss in 4 months. In the years of greatest discharge the total gains by seepage (excluding 
losses during the 6 months' period (see column 4 of Statement No. XII) were often very 
small, see 1909-10 and 1912-13. ADd the following contrast is specially striking;-

1907;oS 
1908-09 

Loaoes in 
4~months. 

20,100 
28S,5OO 

Gamin 
6 months. 

27,600 
19,400 

Gain alone in 
6 months' peri-od. 

27,600 
2S,4OO 

8. The table at the foot of Statement No. XIIT shows the irregu: 
larity of the figures, month by month, for various years. . 

The river level does not seem to influence the total seepage in any very definite manner 

as shown by the following examples;
River lenIa 

y .... 

1909-10 

1912-13 

.. S 
K 

.. 8 
K 

(8) (K). 
at Sukkur '" Kotri 

15 Sept. 15 D .... 

12'7 0'7 
20'4 
6'S 

15'3 

6'4 
1'7 
6'1 

'. 

Tot.a1 
Fall. 

Ft. 

12'0 
14"0 

Ga.in in 
8montha 

-14,700 

-3,000 

Gain alone 
in 6 months' 

period. 
Cuaoca. 

1,500 

5,200' 
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These are the 2 years of smallest gains. 

eonolusions from .bove 9. The conclusions that may be arrived at are that:
-data. 

(a) there.is generally seepage hack to the river for some part of the period from October 
to lIIarch inclusive ; 

(b) the seepage is usually very much more in October than in other months, following on 
the invariably rapid fall of water levei in the river in September and October. 

(e) the seepage may be entirely from the Hooded area, and there is nothing to show that 
it is affected by any underground flow back from the irrigated area. 

(d) there is no evidence in Sind of any definite quantity of wa~r used for irrigation 
returning to the river. Irrigation water is spread thinly over a great area of ground and if it 
finds its way back to the river its progress must be very slow and the period of its return must 
be much more e:JOtended than the period of its application. 

10. Some observations have been made of the sub-soil water level in Sind up to a distance 
of 5 miles from the river at different stages of the river. These gene

.. ~~~D8 in sub·eoil rally show that the water in the river is higher than in the ground on 
either sidtiJ but occasionally the sub-soil water sur1ace slopes towards 

the river (vide sheets Nos. ¥ and ¥ ). 
11. In Volume 12 of the project Appencfu! T, p. E, Dr. Summers quotes Sir J. Benton, 

Sir John Benton'. late Inspector-General of Irrigation, under the caption seepage from 
figures for seepage m 
obe Punjab. irrigated tracl8, Punjab, he writes: 

"Observations made on the Ravi, Chenab and Sutlej rivers go to show that the rate of 
inflow varies from 4 to 7 cusecs per mile of length of channel, and that it is about 5' 5 cusecs· 

"On the average." 

Also 

"Data, rough. There have not been sufficient observations made to show very fully 
what the actual average amount of seepage will be, the figures given in paragraph 1 $Upra 
relate to observations made in 1906-07 and 1907-08:" 

Dr. Summers' figures in Sind" are based on the figures of 6 years in succession, and are 
shown not to be universally applicabl,';: It is not known what was the neture of the obser
vations taken on the Ravi, SutIej and Chenab, but the Punjab authorities have been asked if 
they can supply any information upon the movements of sub-soil water and upon the discharges 

"of the Chenab and SutIej above their junction. 

12. The "total kbarif withdrawals for Punjab and North-West Frontier Provinces Canals 
are for the present about 46,000 cusecs, the Upper Swat and Triple 

Kharif ,.;ohdrawal in Project will add 15,000 cusecs=61,000 cusecs and the Upper Sutlej 
Punjab and North.W ... 
Frontier Provin.... when constructed, another 8,000 cusecs, making a future total of nearly 

70,000 cusecs. If the seepage in the Punjab is, as in Sind, derived 
from the inundated river area, an increase of kbari£ withdrawals would to a certain e:JOtent 
induce increased seepage, because it would cause a· more rapid reduction in the river level 
(see Note I, paragraph 12). It bas been shown in Note I that the study of river discharges 

. and of river levels bas not yielded any proof that the Punjab withdrawals have a.£fected the 
season supplies in Sind as a whole, but that, in certain conditions of the river bed, there may 
be a serious reduction of water level at the critical periods due to heavy withdrawals in the 
Punjab. 
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If, however, the seepage is derived principally from the area irrigated and not merely,. 

. Rotation of Pnnjab from the inundated river area, then Sind may perhaps count upon an 
seepage to cold weather increased cold weather flow at some future date. For the present 
supply in Sind. 

as shown by the following remarks, there is no evidence to show that 
the general cold weather regime has been affected in any way. 

Variation in minimum 
riverleve1 at Bukkur. 

13. To judge of the effect of seepage from up-oountry the variation 
of the minimum river gauge at Bukkur in each year may be studied. 

The following groups of years may be compared ;-
(a) 1848-1867 20 years. 
(b) 1868-1893 26 " 
(e) 1894-1903 

(d) 1904-1913 
10 
10 " 

" 
See Statement No. XIV attached. 

The last two periods may be Compared with each other, but they should be taken together
as in column 4 of. Statement No. XIV for comparison with the previous two. 

The similarity between the first period of 20 years (column 2) and the last period (column 
4) is striking and the difference between them and the intervening 25 years period (colu~ 3) 
is not great. There is, however, a small doWnward tendency in the figures. 

14. The year 1877-78 is altogether extraordinary. The lowest reading of that year 
'Viz., 3'33 feet, occurred in NovembeT 1877, while the period of lowest 

AnO):ceptionalyear. supply is usually much later, mostly inFebruary. The year 1877-78 
must be left out of account as the readings throughout the cold weather

were extraordinarily high, 'Vide .green book of gauges, attached to this note. 

7th July 1915. 

H. F. BEALE, 
Chief Engimer, Irrigation. 
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statements Nos. X to XIV accompanying Chief Engineer, 
Irrigation's Note No, : 11# 

. 

= 



Gauges. 

S, K, 

4'5 5'8 
2'8 2'0 
1'4 1'7 
- -
8'7 9'6 

5'5 3'9 
1'5 1'2 
1'2 1'5 
- -
8'2 6'6 

6'6 3'9 
3'1 3'2 
1'9 2'0 

- -
11'6 9'1 

3'9 3'6 
2'0 2'0 
0'8 1'4 
- -
6'7 7'0' 

5'4 3'2 
2'6 2'4 
1'5 1'6 

- -
9'5 7'2 

7'9 5'1 
3'7 4'6 
1'4 1'9 
---
13'0 11'6 
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STATEMENT No, X, 

Statement compl1ll"it!g the oold weather discharges at Sukkur and Kotri. 
(The figures a ... the average diScharge in .... h month in ousecs,) 

Gain 

Year, Diiler, Losses by .seepage 
Month. Sukkur, Kotri. enCe. draw,oil, m excess 

of loss by 
evapora_ 

tion. 

1901 October .. 99,193 53,1421 46,051 7,000/--39,100 
November .. 59,433 54,767 4,666 3,000' -1,700 
December .. 37,000 39,968 2,968 2,000 5,000 

1902 January .. 30,484 31,000 516 2,000 2,500 
February .. 27,964 29,714 1,750. 2,000 3,800 
March .. 25,451 28,742 3,291 2,000 5,300 

1902 October .. 64,806 73,032 8,226 7,000 15,200 
Novp.mber .. 41,300 51,767 10,467 3,000 13,500 
December .. 30,097 36,935 6,838 2,000 8,800 

1903 January .. 24,774! 27,548 2,774 2,000 4,800 
February .. 26,000 25,929 71 2,000 1,900 
March .. 24,684 24,129 555 2,000 1,400 

1903 October .. 104,548 116,tlO 12,162 7,000 '19,200 
November. .. 56,800 63,467 6,667 3,000 9,700 
December .. 37,935 43,005 5,070 2,000 7,100 

I. , 

1904 January .. 37,968 39,484 1,516 2,000 3,500 
February .. 33,690 40,724 7,034 2,000 9,000, 
March .. 52,161 52.,613 452 ' 2,000 2,500 

1904 October .. 58,935 66,968 8,033 7,000 15,000 
November .. 34,633 36,400 1,767 3,000 4,800 
December .. 31,710 31,710 .. 2,000 2,000 

1905 January ... 29,467 37,129 7,662 2,000 9,700 
February .. 34,286 37,321 3,035 2,000 5,000 
March .. 31,259 36,387 5,128 2,000 7,100 

1905 October .. 82,258 85,710 3,452 7,000 10,500 
November .. 43,000 49,967 6,967 3,000 1O,()()(J 
December , , 29,968 36,419 6,451 2;()()(J 8,500 

1906 January .. 29,129 37,740 8,611 2,000 10,600 
February .. 40,857 33,210 7,647 2,000 -5,600 
March .. 72,161 51,838 20,323 2,000 -18,300 

1906 October .. 118,935 130,419 11,484 7,000 18,500 
November · , 62,433 59,533 2,900 3,000 100 
December · ' 39,548 41,806 2,258 2,000 4,300 

1907 January .. 37,452 40,290 2,838 2,000 4,800 
February .. 55,321 60,964 5,643 2,000 7.600 
March · ' 69,806 78,064 8,258 2,000 10,300 

Total gain in 
6 glontha. 

-24,20 o 

45,600 

51,000 

4,3,600 

15,700 . 

4,/i,6oo 



87 

BTATEMENT No. X~(contillued), 

-
I Gain 

a.uges~ • seepage 
Year. Month.. Sukk .. , Kotri, Differ- Loasesby in exoeBll 

Total gain in 

S, K. ence. draw'olf 011 ... by 6 months. 

evapol'&~ 

tiona 

4'2 3'511907 October· , , 75,419 78,419 3,000 7,000 10,000 
2'5 2'4 . N oVE\lIlber . , 43,500 47,367 3,867 3,000 6,900 , . 
I'll 1'4 December .. 35,903 36,710 807 2,000 2,800 ,27,600 

. . - - .. 
7'9 7'3 

1908 January .. 34,429 34,193 236 2,000 1,800 
February .. 29,931 31,552 1,

621
1 

2,000 3,000 
March .. 27,549 28,032 48~ 2,000 2,500 

U'3 9'9 1908 October .. 93,000 109,387 16,387 7,000 23,400 
2'9 4'1 November .. 56,433 58,468 2,035 3,000 5,000 
1'5 I'S December .. 44,645 40,000 4,645 2,000 ~2,600 19,40 o 
---
15'7 1~'8 

1909 january' .. 41,677 38,387 3,290 2,000 -I, 300 
February .. 38,229 . 33,429 4,800 2,000 -2,800 
March .. 54,484 50,161 4,323 2,000 -2,300 

, , 

S'3 8;2 1909 October .. 116,935 103,935 13,000 7,000 -6,000 
.2'3 3'6 . November .. 59,967 57,667 2,300 3,000 700 
1'4 2'2 December .. 46,774 41,452 5,322 2,000 -3,300 
~-

12'014'0 
1910 Jal),uary .. 59,387 51,645 7,742 2,000 -6,700 -14,~ 

February .. 43,678 42,429 1,249 2,000 800 
March .. 37,645 34,419 3,226 2,000 -1,200 ; 

00 

4'5 6'4 1910 October .. 107,742 116,290 8,548 7,000 15,500 
2'2 3'8 November .. 58,533' 55,433 3,100 3,000 .....100 
0'9 1'9 December .. 41,000 38,225 2,775 2,000 -800 _4,0 00 

- -
7'6 12'1 I .. 

1911 January .. 55,129 52,548 .2,581 2,000 -600 
February .. 70,321 77,372 7,051 2,000 9,000 
March .. 165,613 136,645 28,968 2,000 -27,000 

S'l 4'9 1911 October .. 104,806 104,484 322 7,000 6,700 
1'5 2'9 November .. 57,033 55,567 1,466 3,000 1,500 
0'7 1'5 December .. 50,258 41,000 9,268 ~,OOO -7,300 -17, 000 

- -
II'S 9'S 

1912 January .. 47,804 34,097 13,707 2,~~ ~11,700 
. , 

February ' .. 51,241 45,896 6,346 2,0 -,3,300 
March .. 40,193 35,323 4,870 2,000 -2,900 

2'6 4'4 1912 Ootober .. 68,419 63,613 4,806 . 7,000 2,200 
1'9 2'4 November .. 46,967 43,533 3,434 3,000 -400 l :. 

0'6 1'8 December .. 35,645 34,935 710 2,000 1,300 -3,00 o 
- -
11'1 8'6 

1913 January .. 29,260 29,000 260 2,000 1,700 
February ... 26,464 18,455 8,009 2,000 -6;000 

" . March 33,935 30,161 3,774 2.000 -1,800 . ' , 
" 

. 
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StATDlENT No. X-(ctmeluded), 

Gain 

Differ- :b7. 
seepage 

Gau'i(' Sukkui. 
in eJrceu Total~HI. 

S .. teat, :Month Ketri. en ... of I ... by in 6 month&. 
evapora.-

tion. 

3'0 5'4 191& Octobey · . 71,258 72,208 . 1,qoo 7,000 8,(j(J() 
1'4 1'8 NOTeliIber · . 42,900 43,600 ''100 3,000 3,700 
1'1 1'5 December · . 32,114 in,800 988 2,000 1,000 10,800 
- -
5'5 8'7 

1914 JanMty · . 29,419 25,903 3,816 2,000 1,500 , 
Febtuary 29,114 26,964 2,760 2,000 ~760 · . 
Mareh • 36,32jl 34,581 1,741 2,000 300 

.. . 

Fool NoIe.---AU the figures reported are accepted as correct; It may be stated, however, that the average mODih .. 
I)" discharges have been obtained by totaDing the figures for each day and dividing by the number of days in the 
DJODth. Inaamooh iI8 actuaJ diaeharge oheorvationa are not taken daily, it ia neceaaary to interpolate approximate 
fi_ of diaeharge for intervening days. In recent years the discharges ..... taken regularly 3 tim .. a ~ through. 
out the year hut in the firetlew yaare (vid< Indus River Recorde) the observations were irregular and at much longer 
intervala. henoe the figaree given for the earlier ye3.N are Ie!!! reliable tban those of recent yean. 

Y ... 

I 

1901 

1902 

1903 

19M 

1905 

STATEMENT No. XI. 

Sliltemenl comparing the discharge at Suk1cur and Kutri in the inundation Ie_. 
(Th. figaree given show the average diaeharge foreach ill cubic feet per eeconeL) 

, 
I Difference for 

period of 122 days TotalIoea for 
Month. Sukkur. KotTi. Difference. min'U8 draw·oft 4monihBia 

.'32,00011 excesa of 
128,000. draw·olL 

17 6 I . -------
7 

I 

I rJun. .. 208,000 190,433 17,600 "'1 269,100 

\ 1 Jnly .. 301,671 238,968 68,700 ·1 ~128,000 

I "1 August .. 563,580 392,325· 171,300 >- 141,100 
LSeptember .. 299",300 287,826 11,500 J 
rJune .. 247,300 211,100 36,200 "'1 1~3,iOO 

1 Jut! ... 303,968 231,OO.t on, 900 I -128,000 .. -< }-
I August 273,871 ~8,5Si 35,300 I . - . :36,100 .. 
LSeptembet .. 188,861 170,233 18,700 J 
(June .. 22i,500 159,2'00 62,300 "'1 317,500 
tJuly .. 325,032 239,419 85,600 I -128,000 . 

· . 1 Aasust •. ' 
,r 

5iiO,~ 421,819 128,500 .. 189,500 
Sep\emb6r •• 362,261 $:tl,I67 41,100 ) 

r 
.. 28'2,200 20"2,567 79,600 ) 280,000 

1~1 .'. 3.,61a 229,MB 117,100 1 -128»00 

· . 
85.300 

>-
A08Ust .'. 40,&13 3I;6,i90 1 - . . .. 152,Ofl8 
September .• 168,200 170,233 -2,000 J 

r-
oo 394,210 286,950 107,200 1 217,700 

loll .. 429,aM $1~,493 :1&,900 I ~ 12800& , 
· . 

42;200 
>-

A.uguet •• MtY,852 2'98,$62 ·1 .... ,. 89,700 
September .• 271,733 260,279 11,400 J 

. 
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STATEMENT No. XI-{OOtItiftUell}. 

. 
Diferenoe for 

period of 122 days Total 1088 for 
y ..... Month. Suklror. Kotri. Difference. mi""" draw--oft " D;looths in 

4X32.000 = ucess of 
128,000. draw"" 

1 2 3 4 8 ! - 7 

(June · . 249,900 227,167 22,700 ") 245,300 
1 July · . 403,935 344,000 59,900 1- -128,000 

1906 .. i August .. J 524,613 365,806 158,800 117,300 
LSeptember .. 421,267 417,433 3,900 , 

(June .. 235,033 205,567 29,400 ") 148,100 
July · . 230,338 193,322 37,000 1 -128,000 

1901 · . -< >-1 August .. 390,376 305,161 85,200 1 20,100 
LSeptember .. 171,633 175,067 --3,500 J 
(June · . 250,767 177.067 73,700 ") 416,500 
1 July · . 423,908 297,226 126,700 1 -128,000 

1908 · . -< >-1 August · . 502,162 489,586 12,600 J 288,500 
L September .. 512.767 309,300 .203,500 

(June · . 275,133 223,600 51,500 ") 396,400 
1 July · . 397,516 305,161 92,300 

~ 
-128,000 

1909 .. -< . . . 
1 August .. 535,677 378,774 .156,900 1 268,400 
L September .. 437,000 341,267 95,700 J 

(June · . 349,700 240,833 108,900 ") 369,400 
1 July · . 452,806 334,871 ll7,9oo 1 -128,000 

1910 · . i August 
>-· . 559,355 431,110 128,300 J 241,400 

L September .. 356,633 342,267 14,300 
, 

(June · . 444,167 323,700 120,500 ") 259,400 
1 July · . 378,226 320,935 57,300 1 -128,000 

19l1 · . -< 1 August .. 352,129 317,226 34,900 

J 
131,400 . 

L September .. 301,667 255,000 46,700 

(June · . 271,267 168,133 103,200 

l 
569,500 

1 July · . 523,452 268,968 254,500 -128,000 
1912 · . -< 1 August · . 557,258 394,452 162,800 1 441,500 

L September .. 234,081 185,133 49,000 J 
(June .. 281,068 216,082 65,000 ") 275,600 
J July .. 341,484 255,290 86,200 1 -128,000 

1913 .. -< >-
1 August .. 431,516 337,516 94,000 1 147,600 
L Septem ber .. 255,667 225,267 30,400 J 

1'004 tIOte.-AU thefigures reported are aooepted as oorreot; ltma.y be stated, however. th.t the average monthly 
dioobalgeo have be •• obtained by totalling tho figu .... for each day and dividing by the .umbor of days in the month. 
Inasmuch .. aotuaJ. diacharge obeervations are not taken daily, it is necessary to iDt8fP.Olate appro:rimate figures of 
dioobarso for intervening days. In ...... t yoara the dioobalgeo..... taken roguIarly _ tim.. • week throughout 
the year, butin the first few yea.n (oide InduaRiver Records) the obeervationswere irregularandat muoh longer 
intemtJa, h .... the figuroo given for the earlier y ......... Ieoo rollable than thoeo of ...... t yean. 
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STATEMENT No. XII. 

BI4tema1t ilwwing compari8tm of net losSe8 between Bukkwr arul Ko!ri in June, July, August 
and September with net gains in Bi:t following motIths October-MarcA. 

[N_To oon"'" the figwos into a oorrect volume, they m1l8l be multiplied by the number of _cia in one 
montb.] 

Looaeo in4 
Year. montba apart Gain by QaiDe omitting Total 10 .. apart 

from Canal seepage in figorea of 1088 . fromOmal. Gain. 
withdraw"". 6 months. in this period. withdrawals. 

1 2 3 [ 4 8 

1901-02 .. .. 141,100 -24,200 16,600 165,300 

1902-03 .. . . 35,100 . 45,600 45,600 10,500 

1903-04 .. .. 189,500 In,ooo 51,000 138,500 

1904-<l5 · . .. 152,000 43,600 43,600 108,400 

1905-06 · . .. 89,700 15,700 39,600 74,000 

1906-07 .. .. 117,300 45,600 .45,600 71,700 

1907-03 · . .. 20,100 27,600 27,600 7,500 

1908-09 .. .. 288,500 19,400 28,400 269,100 

1909-10 .. .. 268,400 -14,700 1,500 283,100 

1911).11 .. .. 241,400 -4,000 24,500 . '245,400 

1911-12 .. .. 131,400 -17,oUO 8,200 148,400 

1912-13 .. .. 441,500 -3,000 5,200 ·444,500 

1913-14 .. .. 147,600 10,800 13,000 136,800 

Ilou:-
Co1umn I io talam from Co1umn 7 of Statement XI. 

Cohmma If II .. 8Qf If x. 
Co1umn , .. .. .. 7 of .. x. totals of poeitive v&lues only. 

Column II io oolumD 2 ......... oo1umD 3. 
Co1umn II Is oolumD a (when gnoator) milL .. co1umD 2. 



STATEMENT No, XIII, .. 
S~ .1wtuing the faU of wakr kvel at Sukktw aM Kotri, permiLting of seepage wakr emering the river, 

I~I~I ~ll~I-I-t~l-l- ~I,~I~I~ 
, 

15th September ' , " (~ukkur", 4'5 5'5 6'6 3'9 5'4 7'9 4'2 11'3 8'3 
to < 

15th October ' , " lKotri ' , 5'8 3'9 3'9 3'6 3'2 5'1 3'5 9'9 8'2 

15th October ' , " (Sukkur " 2'8 1'5 3'1 2'0 2'6 3'7 2'5 2'9 2'3 
to < c 

, 

15th November ' , " lKotri , , 2'0 1'2 3'2 2'0 2'4 4'6 2'4 4'1 3'6 ' -
15tbN' ovember ' , " (Sukkur " 1'4 1'2 1'9 O'S 1'5 1'4 1'2 , 1'5 1'4 

to < 
15th December ' , " lKotri , , 1'7 1'5 2'0 1'4 1'6 1'9 1'4 1'8 2'2 

(Sukkur " S'7 8'2 11'6 ' 6'7 9'5 13'0 7'9 15'7 12'0 
Total " < 

lKotri .. 9'5 6'6 9'1 7'0 7'2 II'6 7'3 15'8 14'0 

1901 and 1902 and 1905 do not differ much either in level or reduction of levels, but 
in 1901 there was'loss of -39,100 October and -1,700 November and gain+5,OOO December 
and 1902, there was gain by seepage + 15,200 October and + 13,500 November and + 8,800 December 
and 1905, there was gain by seepage + 10,500 October and + 10,000 November and + 8,500 December 

1906 and 1909 are similar in levels and reduction, but 
in 1906, there was gain by seepage + 18,500 in October and + 100 November 
in 1909, there was 1088 of -6,000 October and gain + 700 in November 

Higheat. October, November, Deoember, 

In order;- '1908 reduction * 15'7 seepage gain 23,400 +5,000 -2,600 
1906" 13'0.." 18,500 + 100 ' + 4,300 
1909" 12'0" ,,' -6,000 + 700 -3,300 
1903.. 11 '6".. 19,200 + 9,700 +7,100 

• At Sukkur only, 

~ 

1912 reduction * 
1911 
1913 
1904 

.. .. .. 

Lowest. 

5 'I seepage gain 
5'3 .. .. 
5'5 .. .. 
6'7 " .. 

• At Sukkur only, 

4'5 

6'4 

2'2 

3'S 

0'9 

1'9 

7'6 

12 'I 

. ' 

October, 
2,200 
6,700 
8,000 

15,000 

3'1 2'6 3'0 

4'9 4'4 5'4 

1'5 1'9 1'4 

2'9 2'4 1'8 

0'7 0'6 1 '1, 

1'5 1'8 1'5 

5'3 5'1 5'5 

9'3 8'6 8'7 
Fall in water 

level at 
Sukkur, Kolri, 
8'7 9'5 
8'2 6'6 
9'5 7'2 

.. 13'0 11'6 
12'0 14'0 

November. Deoember, 

-400 +1,300 
+1,500 -7,300 
+3,700 +1,000 
H,800 +2,000 

'" -
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STATEMENT. No. XIV. 

Statement showing variationl in minimum gauge readings at BI!kkur, and Punjab rabi 
. withdrawals JfYI' the same period. 

1848-1867. 
Period. 

20 Y8&l'II. 

1 2 

Minimum gauge reading at 
Bukkur varied from- -1.9 to 2.1 

-

No. of Propor. 
yea ... tion. 

No. of years above 2 ft. .. 2 0.1 

" below 2 ft. .. 18 0.9 

" " 
1 ft. .. 15 0.75 

" " 0 .. 9 0.45 

" 
.. -I ft. .. 2 0.1 

" " 
-2ft. .. .. .. 

, 

2[ Horizontally-No. of years •• 2 18 15 9 

I I I I I 
Punjab and N. W. Frontier No figures available. 

Province rabi draw-oll. I , 
I I I I 

Period. 

Minimum gauge reading at Bukkur varied from 

No. of years below 2 ft. 

" " 
1 ft. 

.. .. 0 

" " 
-1 ft. 

" " 
-2 ft. 

0 

1868-1893. 
.. 

25 yeam, omittiDg 1871·78. 

1 

"" .... 
'" ..... 

3 

-1.7 to 2.2 

No. of Propor. 
yearo. tion. 

1 .. 
24 Lo 

i7 0.6 . 

.. 

24 

'" "" '" '" 

6 0.2 

2 0.1 

.. 

17 6 2 0 

'" '" .... 
~ 0 '" 0 

to- <%) 

'" ..... ..... 

10 yea,.. 

-1.2to 1.7 

10 

8 

7 

1 

o 

Too ehort a. period for oomparison. 

18M-l9l3. 

to ye.n. 

4 

-2.4 to 1.7 

No. of Propor. 
y ..... tion. 

. . .. 
20 1.0 

15 0.75 

10 0.5 

2 0.1 

1 0.05 

0 

<:> 

20 [15 10/ 2 
I 

, 
I 

"" ~ '" .... 
'" 10 10 

'" '" 10 

'" 10 .... <%) ..... ..... ..... ..... 

190(-1913. 

10 yea ... 

-2.4 to 1.6 

10 

7 

3 

1 

1 

1 

to-
~ 
'" ..... 



93 

III 

N ole on Dr. Summers' proposal to /mild the 1II>hri Left B(lIlIk Oanal first before the Barrage. 

Dr. Summers in his letter to the Secretary of State, dated 1st June : 913, estima~ the 
·cost of the proposed Rohri Left Bank Canal at Rs, 500 lakhs and net revenue at 35'6 lakbs, 
The latter, he.says, is subjeot to correotion hy the Revenue Department, hut is based on 
Mr. Lucas' report. 

2. On page v in the summary of his report on the alternative Project for the Rohri Canal 
1913, he 8B8arts that there are no valid objections to the canal alone that he knows of ; on 
page 2 of the report he mentions th~ee objections which have been brought forward, 

S. The whole question hinges on the water-su'pply, and the Government of India ,have 
asked if definite figures can be given to prove or disprove the assertion that ample water is 
ave.ilable for a large Left BankCanaI without the construotion oIa barrage. On the assump-, 
tions (i) that the feeder of the proposed canal (to be called Summers' Supply Channel) can be 
kept clear of silt, and (ii) that the feeder and canal beds can be lowered sufficiently (on page 6 
he suggests 2 feet, but as the canal has many falls in the first 30 miles, the bed might be lower 
still), there is no doubt that an ample supply of water could be drawn into this canal for kharif 
and rabi irrigation. ASsumption (ii) is merely a question of design, but assumption (i) intro
,duces an element of risk. This risk however, would be diminished if, instead of constructillg 
Sllmmers' Supply Channel as proposed, the Left Bank Canal were made to tak~ off direct from 

Zero le..,lat Outfall the river in its narrow portion a short distance below the gorge, In 
18~~'levelatBukkur the latter case, the natural weireffeot caused by the rook-gorge at Rohri 
l"tt!...oe apart 2 could not be taken advantage of. The heading up due to this gorge is 
mil... shown in the following tabla (it ill; however, IInbject to considerable 

variation) :-

Bukkur Outfall Difference reading and level. reading a.nd level. 
Feet. Feet. Feet. 

0 184'44 0 184'13 ,0'31 

2'1 186'54 2 186'13 0'41 

6'3 190'74 6 190'13 0'61 

9'1 193'54 8'6 192'73 0'81 

11'7 196'14 ·10'2 194'33 1'81 

15'5 199'94 12'0 196'13 9"81 

17',0 201'44 13'7 197'83 a-61 

Thus for the inundation per~od the difference in. level varies from 0'8 to 3'8 feet, buHor low 

readings it is generally lese than '0'5 feet. 

4.UnJees the water-supply throughout both the kharif and rabi seasons can btl absolutely 
.a.88ured.there.isllojustification for countiI)g on the enhanced water rates, whiohthe.Commis
-sioner in Sind, Mr. Lucas, recommended in his r~port, Volume 2,.of the proposed Barrage on 
.Indus, These.ratoo were not applicable to a canal whose supply could be curtailed by silt 
.deposit or any other means. As a ease of uncertainty in supply the example of . the Jamrao 
. ()anal may be cited, 

The attached Statement No, XV showshow·the Jamrao rabi area increased until the 

silting in 1906 and 1908 of theEasternNara Supply Channel interfered with what appeared 
1;0 be a reasonably safe supply, The figure of r"bi irrigation was rising steadily, and in 
1905-06 reached 132,351' acres, but it dropped to 20,337 acres in 1908-09. Even on the old 
Mithran Canal, the principle canal in the Eastern Nara Sys tem, which is dependent upon 
t.he same Supply Channel, a _ions set-back was experienced. 
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5. Mr. Hill, as Chief Engineer for Irrigation, Bombay, opposed Dr. Summers' "Canal. 
alone" Scheme on the assumption that the canal bed would not be 

Volume ". of lowered and that water would have. to be supplied to the full area of the lItmago Project. 
3 million acres. But Dr. Summers on page 6 of his alternative report of 

1913 does not adhere to either of these conditions, and it may be conceded that the cana~ 

proposed by him could be made to receive a good supply, if silting could with certainty be 
avoided. 

With thE! offtake above the gorge, and if no barrage be constructed, the absence of silting 

at the head of the Supply Channel on the Left Bank of the river coUId not be guaranteed. 

6. But the real objection to the Left Bank Canal aTmIe is t~t it would abstract a large
quantity of water from the river at the ,critical periods of the year and consequently diminish 
the supply to the other canals on the Left Bank, tJiz., the Eastern Nara Supply and the Khair
pur State Canals, as well as to the large British Canal systems on the Right Bank. 

It has been shown,in Note I, paragraph 12, that in years of bad supply an abstraction of 
10,000 cusecs may reduce the water-level by as much 88 0'9 ft. in October. 

On page 54 of his Rohri Canal and Sukkur Barrage Project, 1913, Dr. Summers details the 
di.."Cbarges required in different months. He has changed the duty of water for cotton from 
70 acres in September to 140 acres in October. This does not seem correct but it is in accord
ance with Sir J. Benton's proposal, paragraph 47 (iii) of his final review, page 26 ; maintaining 
the 70 acres duty the discharges required are :-

October 
November •• . . .. 

Cwecs, 

11,870 ~dof 

10,100 " " 

Cusecs. 

8,375 
6,700 

7. It is even now difficult in some years to satisfy the demands of all the inundatiOh 
canals at the end of the season, and it is evident that a great additional draw-<lfi would be
certain to affect the canals mentioned very materially. 

In Note VI the etIect::of the interruption of supply and curtailment of cultivation in Sind 
is described. The prosperity of the Ghar Canal particularly is demonstrated by figures in that 
110te. A reduction of supply, always a serious matter, would be felt most keenly in this area, and 
rightly resented, if it were known to be the result of in~ withdrawals for the benefit of 

the Left Bank Canal. 

The conclusion, therefore, is that the Rohri Left Bank Canal should not be constructed 

alone, inasmuch as its success would be bought at the expense of other systems. 

8. The Government of Bombay pointed out in paragraph 23 of their forwarding letter 
No. W. 1-2583, dated 5th December 1910, that they consider" it a matter of pressing iinpor
tance that no delay should occur in devising means to supply the Ghar and Western Nara ' 
direct from the Barrage, not, only because it is ahnost certain that such a project would be very 
remunerative, but because it is possible that at times of low water the barrage will deprive of 

some of their supply the Ghar and Nara Canals which are as much affected as any oth.er canal 
in Bind by the draw-<lff in the Punjab." The figures now given show that this view was correct 
and that the Left Bank Canal cannot be built without building the Right Bank Canal, and 
that neither of them can be efficiently and fairly administered without the help of a barrage. 

'1IA July 191;;. 

H. F. BEALE, 

CMej EngiflW', I mgfllion. 
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STATEMENT No. XV. 

Statement 81wwing tlie area of ml7i ilrrigatitm on tlie Jamrao and Eastern Nara CaME Sy8te1r/$
before and after DCCUrret1C8 of liealllJ silt deposits in tlie Ea8lem N am Supply Channel. 

(Area of rabi irrigation in acres.) 

Jamrao .• .. 
Eastern Nara .. 

Total 

Jamrao .. .. 
Eastern N ara .. 

Total .. 

. . 

.. 

.. 

BefMe silting. 

!1902.03. !1903.o4.!I904.06. jl906.()6. J UJ<!6.07. j Total. 

105,289 IOB,335 123,944 132,351. 88,724 

67,949 69,085 73,974 97,988 175,951 

.173,238 177,420 197,918 230,339 264,675 
. 

(Area of rabi irrigation in acres.) 

Since silting. 

558,643 

484,947 

1,043,590. 

Avemge. 

111,729' 

96,989-

2OB,718-

!1907.06. 11908.09.11909.10. 11910.11.11911.12. !1912-13. 1 Tot.l. 1 Averogo. 

47,990 20,337 46,224 . 47,318 75,587 76,178 313,634 52,272" 

43,831 96,011 49,521 69,199 55,526 44,277 358,365 59,727 

91,821 116,3481 95,745 116,517 J 31,113
1
120,41;5 671,999 m,99 

IV. 

N ore on the position of the barrage above or below tlie gorge. 

The p-ositionfor the barrage above the gorge was chosen for the following reasons ;-

(i) It gave foundations on material harder than sand or clay to found on. It was
termed rock or soft rock, but was not ellpected to be water-tight. It was material 
whic!,- would certainly stand the weight of the structure to be built upon it, and 
would not be blown out by the water pressure on the upstream side. 

(ii) Th~re was a rocky abutment on each bank which would prevent the barrage from 
being outflanked. 

(iii) Being above the gorge, where the railway bridges cross the two arms of the Indus, 
no change in the condition of the river channel and floods due to this barrage could 
affect the bridges adversely. 

(iv) The position was favourable for the Eastern Nara Supply Channel and the Snkkur 
Canal. Near the latter head the Right Bank Canal was to take oft. For the
Left Bank Canal, however, the take-off was not at all convenient, but the advantages- ' 
of a barrage upstream of the gorge were considered so important that five align_ 
inents were carefully investigated for the Supply Channel. It was decided to provide 
an escape for this. channel so that if silt accumulated it could be washed through 
mta the river on the downstream side, and thus save the canals from gettiDg any 
silt at aI1. 

(v) There was a good width of river in which ample accommodation could be given 
for the necesSary width of o.ood openings. 
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2. The London Committee have recommended that the barrage should be pla.oed at some 
.(\ista.nce below the gorge, and have given reasons in paragraph 36 of their report. Of these 
reasons the following may be accepted as distinct advantages at the lower site:-

(b) the saving of cost of the Supply Channel, and reduction in the length: of the Left 
Bank Canal ; 

(e) the saving of some of the cost of upstream protective works ; 

(tl) the less increase of flood levels in the Indus above Sukkur. 

3. When the reference was made to the Chief Engineer for Irrigation by the London Com-
mittee he raised various objections to a downstream barrage, which may be discussed in turn :- ' 

(a) Narrow waterway •. 
(b) Too deep foundations if rock of any kind be wanted. 

(tl) Drowning valuable roads, lands and houses on the Sukkur and Rohri banks. 

These 3 points may be considered first. We have fortunately had the la.rgest measure 
flood on record in 1914. It was nearly 950,000 cusecs, but the local gauge reading was only , 
13'7 feet, compared with :- . 

Local gauge. Discharge. 

13'4 ft. for 699,000 cusecs in 1901 

and 13'6" 616,000"" 1906. 

-on the Bukkur gauge the reading was 17' 0 ft. with the maximum discharge and the nm day 
17' 3 ft. compared with the highest recorded reading 17' 9 ft. in 1896. 

In the year 1908 the following were recorded :

Local gauge. DischMge. 

11 . 7 ft. for 513,000 cusecs in July 

11'8" 821,000" " September. 

See Statement No. XVI attached. 

The width of the river at the outfall gauge is between two well-defined banks, and is about 

:3,500 feet. It follows from the above that there is no tendency to undue rises in the river, 
.as the heavy rush through the gorge eeems to continue its scouring action toa' oertsin extent 
at the outfall gauge site. The yelocity for the maximum dischaI"g6 is.generally below 10 feet 

per second. 

A waterway which is too narrow, would cause excessive heading'upof the. water-level. 

4. There is an appreciable heading up at the gorge every year'in flood time compared 

'With thewater..fevelatthe outfall site. The'difierence in gauge.readings. for maximum dis
charge in each year varies from 1 . 5 ft. to 3' 3 ft. (allowing for the difiereneeinthe . zeros of the 

:gauges RL 
184'44 at Bukkur, and 
184 '13 at the outfall 

0'31 
the actual water level is from 1 . 8 to 3' 6 ft. higher at the gorge than at the outfall gauge). 
'Thus any fresh heading up on the downstream aide must affect the level above the gorge. 
'The latter is more or less vertical sided and th& difference can 'be rougbly calculated; for 

Qample, a neading up downstream of 2 ft. will (if the discharge remains th~ same) most 

.probably.produce a rise of level of less than I} ft. above the gorge. Apart from raising the water
level, which is objectionable, there is a definite advantage in having a well defined channel of 
not iloo great width above the barrage, as this will prevent the accumulation of sand island 
~r shoals, which accumulation was, as pointed out in pa.ragrsph 10 of the Chief Engineer's 
note to the' London; Committee, dated 7th August 1913 (accompaniment to.Bombay Government 

letter No. W. 1.-8329 ofl4th August 1913), a very $eriou~ drawback to the original ctesign. 



5. That the foundations should be on rock (or hard material) is not of importanee at 
the lower site. For the site above the gorge the present Chief Engineer for Irrigation Was 
strongly opposed to a' barrage built on sand due to possible retrogression from the deep part 
of the gorge (see paragraph 3 of the note just referred to), but at the lower site with a proper 
talus and -careful maintenanee there should be no fear of failure. 

6. It is not proposed to have a barrage very much wider than the river, but the highest 
flood level must be kept within -reasonable bounds and a pitched embankment on the Left 
Bank, and a suitable wall on the Right Bank may be erected to protect the low-lying ground 
from submersion. 

7. The further objections were:

(e) greater rise in flood levels, 

(e) raising flood level under railway bridges, 

(.) possible silting in gorge which would cause further rise in flood levels and cost for 
protective works. 

The advantages of the lower site are so great that every effort should be made 
to counteract the above objections. 

8. Taking the crest level of th~ original design, viz., RL 176 and 60 ft. openings it is found 

that if 1,100,000 ,cusecs could pass off in the present river with a high flood level of RL 200 
(nearly 16 ft. on the gauge) it could. probably be got through the barrage with a heading up 
of 1 ft. (RL 201). With 1,500,000 cusecs the water would probably head up to between RL 
205 and 206. There is a great deal of guess work about these .calculations, and the question 
requires further consideration. Wi$ a crest level of RL 173 the conditions in flood time would 
be more favourable, but the water would have to be ponded up 19*ft. by gates instead of 16 ft. 
in order to get the required flow in the canals. There is no doubt that a suitable crest level 

between RL 173 and 176 can be obtained, and the remarks made above show that the head
ing up above the gorge will be somewhat less than with a barrage at the upper site, especially 
if an accumulation of silt in the gorge can be avoided. 

9. It is highly improbable that under existing conditions the greatest flood will exceed 
1,100,000 cu<ecs, a figure which was adopted by Mr. Beale, as Superintending Engineer, Indus 
River. Commission, after a very careful 6lI!amination of the records, but there is the possibility 

of new cqnditions being introduced causing a more rapid concentration of flow. The late 
Chief Engineer for Irrigation, Mr. Arthur Hill; held the view very strongly that :-

(i) the Left Bank of the Indus above Rohri should be entirely protected from floods 
by a ~ntinuous bund, and - , 

(ii) a central channel should be arranged for the river in long straight lines and pitched 

embankments erected on either side, so as to prevent the usual oscillation, spread 
of water suriaee, and inland erosion, which occur every year, and cause such heavy 

annual eoIlpenditure in maintenanee of old bunds and erection of new ones on retired 

lines. 

10. If in future' years these two proposals should be revived and actuslly carried out, 
it is evident that the water which now flows towards the Eastern Nara River will remain in 

the river increasing its volume, and that instead of floods being moderated as they now are 
by spreading over vast tracts of land within a width of 8 to 10 miles and more, they will flow 

l'apidly down the eentral channel and arrive in full force at Sukkur. Hence it is important 
to consider what would happen with a flood of 1,500,000 cusecs and to arrange that the barrage 

at any rate will not be endangered in any way by its arrival . 

• RL 192-RL 17619, 
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11. The effect of such a flood upon the river upstream of the gorge need not for the pre
sent be considered. It will be sufficient to take as the normal maximum flood 1,100,000 OUSE"\lS 

and debit the Barrage Proj ect with all the measures necessary for the e&fe disposal of this 
volume of discharge. Other schemes involving heavier floods at Sukkur must bear their own 
expense. 

12. The raising of the flood level under the railway bridges to the extent proposed, viz., 
probably 3 or 4 ft .. at the most is not important as regards boat traffic. 

13. Further objections were ;-

(g) will not get rid of guide banks above gorge, 

(11) will necessitate more ample protection by raising river bunds, etc. 

For any rise of level above the gorge it will be necessary to provide additional protection. 
This will consist of raising the long line of protective embaukments for some miles or in addi
tion to this of constructing guide banks to prevent dangerous loops forming east and west 
of Sukkur. Provision for both of these items is advisable. On the whole, however, it may 

_ be conceded that the danger will be less than in the original design, because, the river-bed 
upstream of the gorge will still be able to scour deeply in parts, and will not be obstructed by 
islands or shoals much more than at present. As stated airesdy, this consideration will, to a 
certain eXitent, influence the selection of a suitable level for the barrage crest. 

14. Finally-

(f) Nara Supply Channel not protected against silt banks. 

This Is one of the most serious objections and to overcome it special expenditure will be 
necessary. In recent years the mouth of this -1lhannel has been kept open by dredging but 
it has been a very difficult task, and it is preferable to avoid having to deal with the accumu
lation of the heavy silt banks. The best solution of the question yet suggested is to construct 
a new mouth for the Nara Supply below the gorge. A convenient line 7 miles long has been 
found passing through a gap in the Kohistan hills, but it has not yet been examined in detail. 
The cost of this must be added to the project when comparing the proposals above and below 
the gorge, but it does not form part '1f the Barrage Project. It is debitable to the Improvement 
of the Eastern Nar ... 

15. The London Committee suggested that a site for the weir might be found .. few miles 
further down the stre .. m, where the width of the river would be sufficient to permit of the 
construction of a barrage of tbe requisite length to prevent any undue afHux (paragraph 34 
of their report), and Sir J. Ottley hae made some remarks On this subject in his note, 
Part IV. The whole length of the river from the Ghar mouth up to the gorge has been 
considered, and the site half mile below the outfall gauge has been chosen, because-

(i) it gives the width required, 

(ii) the river channel above it is not wide enough to permit the accumulation of 
. shoals or aand islands, 

(iii) it avoids the . very heavy expense for training banks, which would be required 
in a broader. portion of the river, and 

(iv) it provides very suitable canal heads and has shorter canal lines to join tJie 
original alignment without loss of head. 

H. F. BEALE, 

Chief Engineer, Irrigation. 

7111 July 1915. 
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STATEMENT No. XVI. 

Showing ~"m disMarge of Indus River at SuklclJ/l' in eodi year. 

BukIrnr 
Sorialorder OotfaIlgauge gauge read. Discharge . , Me&n velo- Difference 
in volume reoding Zero i.ng Zero gauge in . :Month and year. city feet :.~::: of tlow. 184'13 feet, 184'44 feet. cusecs. per .... nd. 

5 13'4 16'3 699,000 August 1901 .. .. 9'60 2'9 
II'1 13'5 475,000 August 1902 .. · . 8'20 2'4 

9 12'5 15'3 592,000 September 1903 · , 9'18 2'8 
13'2 15'7 542,000 August 1904 ., · , 7'76 2'5 
14'2 16'7 530,000 July 1905 .. · , 6'94 2'5 

8 13'6 16'4 616,000 August 1906 .. .. &'43 2'8 
10'6 12'1 425,000 August 1907, .. - · , 8'58 1'5 

(II '7) (14 '2) (513,000) (July 1908) .. .. (8 '63) 2'5 
2 U'8 14'6 821,000 September 1908 .. 9'68 2'8 
6 II'8 14'4 632,000 August 1909 .. .. 10'23 2-6 
4 12'2 14'3 700,000 September 1910 .. 9'16 2'1 

II'7 14'0 582,000 June 19H .. .. 9'30 2'9 
3 12'8 14'8 721.000 July 1912 .'. .. 8'36 2'0 
7 12'9 14'6 .621,000 August 1913 .'. .. S'46 1'7 
I 13'7 17'0 949,000 August 1914 .. .. lO'IS 3'3 

, . 
The vanation of discharges WIth nearly equal gauge readings is very striking. 

N ole on tke Right Bank Oanal. 

References were made to the Right Bank CauaI in paragraph 3 of the letter of the Govern
ment of Bombay, No. W. 1.-2583 of 5th December 1910, forwarding the Barrage and Rohri, 
Project, also in Volume 2 of the report, pp.'7, 73, 79 and 155, and in Volume 12 of the Report. 
p. 107, and Appendix XIV. 

2. The Commissioner in Sind made as close an estimate as possible of the probablfl irri
gation and revenue. 

3. The nature of cultivation is quite different in the Right Bank from that on the Left. 
4. The average rainfaU on the Right Bank is from 3 to 4 inches (ouly Sehwan has 5 inches). 

while on the Left Bank it varies from 6 to 8 inches (Appendix IX, Volume 12). The former 
is principally a rice'growing area and cannot grow cotton nor has it much scope for perennial 
irrigation except in .the southern talukas Dadu, Johi and Sehwan (Volume 2, p. 73), 

5. The estimate for a Right Bank Canal with branches and a whole system of distribu
tion as shown on the Index Map, Volume 12, Plate I, amounted to 

• Volume 8, page 38. 468 lakhs of rupees for direct andin,1irect· chsrges. This was for a 
canal 140* miles.in length, with branches, etc., and discharging at the 

head 14,000* cuseos, 

6. This, however, is an insufficient dischsrge, being based on too high a duty for rice cul
tivation, and in Volume 12, Appendix XIV, it is shown that 19,000 cusecs would be the correct 
figure and thst the cost might consequently be Rs. 550 lakhs. The Commissioner in Sind showed 
\ Volume 2, p, 1(i5) that the scheme was not a promising one, even on the lower estimate, so it 
is now proposed to limit the work on the Right Bank to the construction of a large feeder channel 
to supply water to the Ghar and Western Nara and Pritchard Canal systems with three branches. 
Shahdadpur, Ratodero and Johi. Certain improvements will hsve to be made in'the existing 

channels, and later on, when the demand arises, all the old canals can be gradually replaced by 
a complete cana\ net-work of modern design. 

7. A rough estimate for this proposal has been made based upon the original estimates; 
the direct and indirect chargeSllmount to Rs. 411 lakhs with an increased revenue, if the 
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Commissioner's full figure be adopted, of RB. 24 lakhs or nearly 6 per cent. (excluding share 
of barrage). 

8. The figures of cultivation were:-

Rice •• .. 
Other Kharif 
Rabi .. ' 

Present acres. 
339,000 
214,000 
183,000 ' 

Proposed acres. 
490,000 
130,000 
358,000 

Totsl 736,000 978,000 
out of a cultivable area (excluding Jaghlr) 1,524,000 acrllS. 

. Average rate, per ~c~e 
Gross revenue ' •• 
Deduct land share •• 
Irrigation revenue ',' 
Working expenses at 

Net Irrigation revenue 
Fresh revenue 

8th .Tuly 1915. 

Rs. 
.. 3'3 
.. 24,30,000 
.. -2,43,000 

21,87,000 
0' 96 per acre. 

7,06,560 
14,80,000 

24,28,000 

Rs . 
5'77 
56,46,500, 

-5,64,600 
50,82,000 

1'2 per acre. 
11,73,600 
39,08,000 ' 

H. F. BEALE, , 

Chief Engineer, Irrigation. 

VI. 

Note on the financial aspoot of tke Barrage and Rokri Canals Projects. 

The London Committee condemned the project submitted to the Secretary of State 011 

the score that it couId not certainly be predicted to be remunerative, and they recommended 
in their paragraph 38 that a perennial canal in Sind should be looked upon merely as 8:n im
provement to be desired but not essential, aid that if calculations showed it would be worked 
at a loss, the scheme should not be approved. 

2. I submit that this narrow view of the proposals cannot be accepted. Many reasollS 
can be given for condemning the above conclusions, but as in all One P. W. D. schemes we are 
tied down to the necessity of showing direct profits on the irrigation, I propose before re-sub· 
mitting the project to prepare a fresh estilnate of the wl)ole scheme withs uch modifications 
as may be required, and the Commissioner in Sind has been asked to make a careful investi
gation regarding the revenue forecasts, and to include the figures for a large Right Bank Canal. 

• The CommiBlioner in 
Sind, Mr. Lucas, gave 
fl~ also for the com· 
pielA! Rigb, Bank Canal 
Scheme. -

The project submitted gave carefully selected figures of revenue -for 
the Left Bank, but for the Right Bank they were admittedly somewhat . 
rough, and mcluded only the Ratodero and Shahdadpur branches, and 
improvements' on the Sukkur Canal,. whereas now i~ is proposed to 
include the areas' under the large and important Ghar and weStern 

Nara systems the irrigation of which is to be helped by the construction of a large Right 

Bank Canal. 

S. It is never very satisfactory to deal by rough approximation with such large figures as 
are here involved for the estimate either of expenditure or of revenue. As an example. I may 
instance the fact that the first approximate estimate for the Barrage was Rs. 141 lakhs, but 
in the project submitted to the Secretary of State the figure set down was R •. 265lakhs. 
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4. At the recent conference in Sukkur, when the Inspector-General of Irrigation met 
the Bombay Engineers, certain figures of probable savings were put down, but it would not 
be safe to accept the balance on the previous estimltte to determine the cost of the new .barrage 
proposals. 

5. For the purpose of this note it is necessary to make some assumptions, and I shall 
adopt some figures in my forecast, which ~ay be accepted as reasonably safe, pending the 
preparationof the new designs, estimates and forecasts, which are now to be taken in hand. 

6. I have written a separate note (attached) upon the advantages of perennial over inun
dation canals in Sind, so now I will proceed to contrast the revenue and the maintenance charges 
<>f the two systems. 

The J amrao is the most important large canal worked as a perennial syst~ril' in Sind; and 
it may therefore be compared withtruee typical large inundation canals, the Begari, Ghar 
and Dad. Statements have been prepared giving results for 14 years, and striking the averages 
for 10 years for the purpose of comparison. 

The results are as follows :-

- Ner profit 
Gioss Reve- Working Net Rev- Ca.pital after deduct-

C&naI. Area. irrigated nue assessed. expenses. nue assessed. Jakh •. ing 
interest. 

. 

Ea. Rs. Rs. 
Acres. per acre. per acre. per acre. Ea. Rs. 

4~Begari . · . 225,910 2'21 0'67 1'54 23! (nearly) . 2,80,285 
, 

43-Ghar - 258,425 3.24 0.75 1.49 5f 6,25,628 

4~Dad 95,026 2.29 1.26 1.03 - 25l 17,606 · . 
4~amrao · . 231.929 2.98 1.41 1.57 84 r8,485 

This shows only a small advantage for the J amrao compared. with Begari in net Revenue per 
acre, but if interest on capital expenditure be taken into . account the advantage vanishes alto
gether, because of the vast difference in Capital expenditure between perennial and inundation 
works. 

7. But there are good reasons for saying that the Jamrao is not a fair example of a 
perennial canal; while the other systems are true types of inundation canals. The latter are 
liable to interruption of flow and to periodical heavy charges for the cleal.mce of silt or for 
the excava~ion of ~ew mouths when the river changes its course. The disastrous results of this 
action of the river is shown in the case of the Begari records by the;reduced figures of revenue 
and the heavy increase of expenditure in recent years. Iu the first statement attached it is 
seen that the Begari Canal irrigated about 285,000 acres in 1900-01 and in 1913-14, and 
somewhat less in other years, but in the two years from 1911 to 1913 the area of irrigation was 

- only 120,000 acres on the average. This sudden decline was disastrous, not only to Govern
ment revenues, but to the whole country side in throwing men out of employment, and 
depriving them of crops to the value of Ea. 38 Iakhs. It is easy to see that among an 
agricultural population events of this dire nature give an opportunity for turbulent spirits 
to produce trouble, and those in distress often seek relief in objectionable forms of activity 
such as cattle lifting and other crimes. 

Both the Ghar and the Dad have had some years of excessive charges for the same reasons. 
Accidents of this nature ought not to occur with perennial ca.nals, and they will be preclude 1 
in the case of the large Left and Right Bank Rohri Csnals by correct design. 

• 
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B. Unfortunately the Eastern Nara Supply Channel, which feeds the Jamrao system, 
is liable to both of these mishaps and thus reduces the value of the JamrBo Canal as a peren
nialone. The result is seen in the poor revenue returns for the years from 1907 to 1911. Apart 
from 1904-05-a year of heavy expenditure on groynes in the canal, and of some diminution of 
irrigation, there was a continuous increase in the area of irrigation up to 1906, when silt was 
deposited heavily in the Eastern Nara Supply Channel. The same. thing happened again in 
190B, and the repeated failure to supply rabi water was a severe blow to this canal, from 
which it appears to be recovering now, but only very slowly. Without the danger of 
interruption an area of 300,000 acres oould easily be irrigated every year. 

9. Until 1904-05 the irrigation share, viz., rh of the consolidated revenue a.sseased 
amounted to a rate of about Rs. l' 9 pp,r acre irrigated; then from 1905-06 it has been Rs .. 2. B. 
For an assured supply guaranteed by a barrage the Commissioner in Sind has suggested a 
rate of Rs. 4' B per acre, but even with a little more than Rs. 3, a certain yield of Rs. 10 
lak1!s could be secured; allowing Rs. 4 lakhs for working expenses, the net revenue would 
be Rs. 6lakhs per annum, or a clear profit of 3' 20 lakhs or 4 per cent. on the capital expendi
ture after deducting Rs. 2' Blakhs for interest. 

These are not fanciful figures; they can be gnaranteed with an assured sUPl'ly.of water 
every year. A return of B per cent., excluding interest charges, is an excellent result. 

10. In spite of its recent troubles the Begari shows on the 10 years' average a net revenue 
(excluding interest) of 15 per cent., on his capital expenditure, and including interest a re
turn of 12 per cent., but the Dad Canal (which lies in the area to be commanded by the Left 
B..nk Canal) often shows a loss. 

11. The Ghar .system is qnite peculiar; though so large, it is classed as a minor 
irrigation work under Irrigation Head .. 43," because the capital expenditure on it has been 
small and bas not been charged to loan funds. It is a remarkably profitable system. The 
large Right Bank Canal must be made to serve the area under the Ghar Canal also, and give 
it all the water it requires. It will therefore be rather difficult when comparing the Ghar 
with Right Bank Canal merely in regard to direct revenue to show figures in favour of the 
perennial project,.. but the progress of and the general benefit to the country supply sufIici
ently potent reasons for the adoption of perennial schemes even in this part of Sind. 

12. Accepting the largest estimate for the Barrage, N., Rs.· 266 lakhs and adding 
Rs. 30 lakhs for a Right Bank Regulator. 

Cost 0 f Barrage 

" Left Bank Canal 
" Right Bank Canal 

Total 

This total should not be exceed. 

. -,,-

Rs. 
2961akhs. 

483 .. 
- 411 " 

1,190 " 

Certain redtlctions were suggested at the Sukkur Conference, viz. :-
, ,Rs. 

Supply Channel 50 lakhs. 

Railway Crossing 6'5 " 
A-Part of River Training 20 . 

" 
Cheaper Khairpur Channels 5 " 
Shorter Canals • 6.5 .. 

Total ... ~ .. 88 " • Eastern N ......... Dot been included in the abo ... 6guroa. 
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So the estimate might be Rs. 1,100 lakhs, bnt it would be advisable to add Rs. 20 Iakhs 
for A-River Training works = Rs. 1,120 lakhs. Total Capital cost, Rs. 1,120 Iakhs. 

Revenue. 
Net, Irrigation Revenne increase due to new works:-

Left Bank 
Right Bank 

Total 

Rs. 
39·2Iakhs. 

24'3 " --
63'5 " 
-,-

Thus the ultimate retnrn upon the capital expenditure will be 5'67 per cent. (see 
explanatory note attached). 

81h July 1915. 
H. F. BEALE, 

Chief Engineer, Irrigation. 



Year. 

1900-m .. .. ' . . 
1901~2 .. . , .. 
1902~3 .. .. .. 
190~4 .. .. .. 
1904-05 .. .. .. 
190~6 .. .. .. 
190~7 .. .. .. 
1907-08 .. .. .. 
1908-09 .. .. .. 
1909-10 , , .. .. 
19W-1l .. .. .. 
1911-12 .. .. .. 
1912-13 .. .. .. 
1913-14 . , .. . , , 
Average for 10 years 

1903-04 to 1912-13), 

1 
I 
I 
1 
1 
1 
1 
1 
I 
1 

JUO~1 .. .. .. 
)o1~2 .. .. .. 
)O~3 .. .. .. 
~0~4 .. .. .. 
004-05 .. .. .. 
90~6 .. .. .. 
90~7 .. .. .. 
907~8 .. .. .. 
908-09 .. .. .. 
909-10 .. .. .. 
910-11 .. .. .. 
911000012 .. .. .. 
912000013 .. .. .. 
913-14 .. .. .. 
lverage for 10 years 
1903-04 to 1912-13), 

I Grosa Revenue 
A"", irrigated. I ........ d from 

alllJOurceL 

Acres. Rs. .. 285,550 5,57,654 
.. 222,515 4,35,379 .. 225,612 4,23,225 
.. 271,009 5,41,677 .. 232,598 4,74,774 .. 251,044 5,21,450 
.. 264,163 5,76,958 
.. 265,969 6,33,934 
.. 274,265 6,43,338 .. ·230,752 5,69,404 
.. 224,580 5,64,164 .. 108,470 2,23,919 
.. 136,257 2,55,484 
.. 284,155 5,79,862 

(vi." 225,910 5,00,510 
, 

.. 274,689 7,82,558 .. 278,312 7,97,627 

.. 267,078 7,71,272 

.. 284,475 8,21,488 

.. 251,537 7,51,323 .. 280,649 8,51,228 

.. ' 285,815 9,09,514 

.. 219,844 6,37,568 

.. 281,679 8,39,297 

.. 230,333 7,53,523 

.. 255,398 9,47,727 

.. ' 232,119 8,95,801 

.. 262,398 9,85,402 .. 251,837 10,06,150 

(viz" 258,425 8,39,287 

Began Canal, 
'. 

Rate per Wo~king Rate po< Net Revenue Rate per Interest on Net profit. CapitaL aere, Expe_, aare. 888essed. acre. Capital, 

, 
Rs. Rs. Rs: Rs. Rs. 'Rs. Rs. Rs. ' 

1'96 1,05,387 0'37 4,52,267 1'58 66,302 3,85,965 17,06,799 
1'96 91,346 0'41 3,44,033 1'54 66,302 2,77,731 17,06,799 
1'86 1,18,096 0'52 3,05,129 1'35 66,302 2,38,827 17,06,799 
2'00 1,10,645 0'41 4,31,032 1'59 66,302 3,64,730 17,06,799 
2'04 1,17,917 0'51 3,56,857 1'53 66,302 2,90,555 17,06,799 
2'08 1,43,242 0'57 3,78,208 1'51 66,302 3,11,906 17,06,799 
2'10 94,626 0'36 4,82,332 1'8~ 58,133 4,24,199 17,76,201 
2'37 9~,635 0'37 5,34,299 2'09 62,334 4,71,965 19,84,686 
2'34 1,46,986 0'54 4,96,352 1'81 67,391 4,28,961 21,13,235 
2'45 1,20,127 0'52 4,49,277 1'95 70,395 3,78,882 21,99,433 
2'49 2,21,043 0'98 3,43,121 1'53 '11,647 2,71,474 . 21,65,054 
2'04 1,50,752 1'38 73,167 0'67 73,127 40 22,58,244 ' 
1'86 3,17,343 2'33 -61,859 .... 78,000 -1,39,859 23,28,036 
2'03 3,05,667 1 08 2,74,195 0'96 76,849 '1,97,346 23,45,330 ~ 
2'21 1,52,232 1 0'67 _3,48,278--' __ 1' 54 1 67,993 : 2,50,285 1 23,4q,330 

Ghar Canal, 
2'82 1,84,250 0'67 5,98,308 2'18 16,654 ii,81,654 4,42,765 
2'84 1,86,818 0'67 6,10,809 2'19 , 16,836 5,93,973 4,50,934 
2'85 1,83,628 0'69 5,87,644 2'20 16,986 5,70,658 4,51,181 
2'86 1,76,625 0'62 6,44,863 2'27 16,986 6,27,777 4,51,181 
2'95 1,66,581 0'66 5,84,742 2'32 17,850 5,66,892 4,98,602 
3'00 1,78,240 0'64 6,72,988 2'40 19,534 6,53,454 5,43,618 
3'15 1,79,941 0'63 7,29,573 2'55 18,139 7,1l,434 5,69,953 
2-86 1,58,392 0'72 4,79,176 2'18 18,461 4,60,715 5,72,386 
2'95 1,63,255 0'58 ' 6,76,04,;l 2'40 18,331 6,57,711 ,5,72,386 
3'22 2,14,357 0-93 5,39,166 2'34 18,190 5,20,976 5,72,386 
3'67 3,10,257 1'21 6,37,470 2'49 18,293 6,19,177 5,72,386 
3'80 1,93,141 0'83 7,02,660 3'03 18,423 6,84,237 5,72,386 
3-71 2,12,527 0'81 7,72,875 2'94 18,959 7,53,916 5,72,386 
3'94 2,26,985 0'90 7,79,165 3'09 18,436 7,60,729 5,77,481 

3' 24 1 1,95,342 0'75 6,43,955 24 18,317 1 6,25,628 5,77,481 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

A' 

-
00-01 · . 
QI~2 · . 
102-03 · . 
O~4 · . 
104-05 · . 
105-06 · . 
05-07 , , 
07~8 .. 
05-09 .. 
09-10 0' 
110-11 .. 
111-12 .. 
112-13 .. 
113-14 , . 

rerage for 

· . · . 
· . · . 
· . · . 
· . · . 
· . · . 
· . · . .. .. 
.. .. 
.. .. 
.. ," .. .. .. .. , .. .. 
· , .. 

10 years 
190-304 to 1912-13), 

. 

1900-01 .. .. .. 
i 901~2 .. .. · -
UO~3 .. .. .. 
190~4 .. · . · . 
1904-05 , . ' .. .. 
1905-06 .. .. .. 
1905-07 .. .. · . 
1907~8 .. .. .. 
1905-09 .. .. .. 
1909-10 .. .. .. 
19l0-JI .. .. .. 
1911-12 .. .. .. 
1912-13 .. .. .. 
1913-14 .. .. .. 

A VIlrage for 10 years 
1903-04 to 1912-13). 

R,s. Ro. 

· . . . . . . ... 
· . 56,241 1,109,657 
· . 60,256 1,03,738 
· . 73,797 1,50,406 
· . 68,085 1,34,612 
· . 79,609 ' 1,61,805 
.. 1,02,662 2,26,903 
.. _ 89,306 1,95,300 
.. 1,15,642 2,79,619 
.. 1,07,821 2,68,422 
.. 1,09,975 2,68,619 
.. 1,03,453 2,51,089 
.. 99,908 2,36,558 
.. 1,06,508 2,58,366 

(vi •. , 95,026 2,17,323 

.. 1,72,347 3,52,065 

· . 2,16,514 4,42,123 
.. 2,69,358 6,93,447 
.. 2,71,728 6,94,058 .. 2,60,031 ,6,74,049 
.. 294,608 8,66,885 
.. 2,46,204 7,29,214 
.. 2,08,338 6,35,039 
.. 2,05,198 5,99,266 
.. 1,74,105 5,47,824 .. 1,93,333 6,38,181 .. 2,23,196 7,32,200 
.. 2,42,647 7,95,247 .. 2,32,790 8,01,201 

(viz"1 2,31,929 11,91,196 ' 

Dad CaM!. 

Ro. Ro. Ro. Ro. R •• Ro. Ra. Ra. 

. ... . . . . . ... . ~ .. . ... 49,257 --49,257 15,73,735 
1'94 51,926 10'92 57,731 1'103 65,817 -8,086 18,94,791 
1'71 . 1,28,754 2'14 -25,016 . ... 75,821 50,805 21,27,750 
2'02 1,05,551 1'43 44,855 0'61 81,632 -36,777 22,23,592 
1'95 1,29,680 1'90 4,832 0'07 84,144 -79,312 22,69,473 
2'01 1,12,6Q3 1'41 49,202 0'62 85,372 _36,170 23,05,212 
2'19 1,46,473 1'43 80,430 0'78 76,569 3,861 23,17,357 
2'15 93,515 1'05 1,01,785 1'14 76,355 25,430 23,27,912 
2'39 1,01,671 0-88 1,77,948 1'54 76,159 1,01,789 23,44,097 
2'46 1,05,356 0-98 1,63,066 1'51 75,936 87,130 23,60,595 
2'41 98,218 0'89 1,70,401 1'55 77,197 93,204 23,91,765 
2-39 1,32,143 1-28 1,18,946, i-15 19,324 ~9,622 24,50,898 
2'34 1,75,593 1-76 60,965 0'61 83,686 -22,721 25,12,296 
2'39 1,72,021 1'62 86,345 0'81 82,779 3,566 25,57,602 

. 

2'29 1,20,080 1'26 97,243: 12-03 _ 79,637 · ,17,606 25,57,502 · g 
Jam.ao "_I.' 

2'02 76,451 0-44 2,75,614 I-59 2,76,955 -I,3U 75,90 760 
2-00 1,71,089 0'79 2,71,034 1'25 3,01,456 ,-30,422 80,02.965 
2'51 2,42,733 0'90 4,60,714- 1-67 3,14,346 • 1;36,368 83,07,240 
2'49 2,38,779 0'88 4,55,279 1'67 3,22,408 1,32,871 84,62,523 
2:56 3,56,313 1'37 3,17,736: 1'22 3,21,371 : -+3,635 82,59,134 
2'89 3,43,391 1'17 5,23,494 1'78 3,15,884 2,07,6]0 81,65,344 
2'92 I 3,05,939 1-24 4,23,275 1'72 2,72,301 1,50,974 81,27,012 
2'99 3,29,219 1'58 3,05,820 1-47 2,69,263 36,557 81,07,361 
2-86 3,74,582 1'83 2,24,684 1-09 2,67,591 -42,907 81,62,207, 
3 04 3,05,268 1-75 2,42,556 . 1-39 2,67,749 -25,19-3 82,44,283 
3-17 3,20,641 1'66 3,17,540 1'64 2,71,480 46,060 82,97,638 
3'16 3,35,114 1'50 3,97,086 1'78 2,74,715 1,22,371 83,23,770 
3'17 3,50,943 1'45 4,44,304 1'83 2,84,162 1,60,142 . 83,83,679 
3'20 3,53,789 I-52 4,47,412 1-92 2,76,448 1,70,964 84,08,780 

-• 
2-98 3,26,019 1'41 3,65,177 I-57 2,86,692 78,485 84,08,780 
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Explanatory N ole attacked to N ole VI. 

The figures submitted by the Bombay Government are explained in Mr. Hill's memo. 
attached to letter No. 1580-1 of 17th February 1912. 

Net revenue for project submitted :~ 

25th year 

35th " 
.. 
,. ,., 

" .. .. 
These fi.gures include Rs. 10 Iakhs for the following :

E8.'ltern Nara without improvements 
Present revenue said to be over-estimated by. 
Sukkur Canal Right Bank •• • • 

.. 

Rs. 
33,31,850 
41,68,991 

7,53,364 
1,00,000 
1,46,636 

.10,00,000 

Hence for Rohri Left Bank Canal alone the figures would be-

25th year 
35th .. 

.. 23,31,850 
31,68,991 

this eorresponds with 'the ultimate revenue allowed for by the Commissioner in Sind, Volume 

2, page 8. 

Hegivee-

Rohri Canal •. 
E8.'ltern N ara 

Rs.lakhs . 
31'69 
7'53 

39'22 

Sir J. Benton on page 91 states that the reduction of present revenue by Re. 1lakh cannot 
be accepted and in his figures, page 93, he shows-

25th year 

35th " 

the latter being-

.. 

. {Rohri Canal 
Left BanI< Eastern Nara 

Right Bank, Sulrkur 

Rs. 
32,31,850 
40,68,991 

Rs. Iakhs • 

.. 31'69} 39'22 
7'53 

1'47 

40'69 

The Len Bank ultimate return should therefore be Rs. 39'22 Iakhs, but at the 25th year 

it may be Rs. 30·85lakhs. 

In my note I take the ultimate return-

Le~ Bani<: Qal)al 
Right Bank " 

.. ' 

whil~ at the 25th year, if. that be ass1Vlled to be the 10th year after construction, the returD 

might be very roughly Rs. 50 lakhs. 

H. F. BEALE, 

Chiftf Enginur, Irrigation. 
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Note on the 8'UperWr value of perennial oana/& to inundation oana/& fot' Sind 
by the Ohief Enginee1' fot' Irrigation. 

The following arguments in favour of perennial canals may be recorded to show why the 
advice given by the London Committee to maintain Sind in the condition of an inundation 
canal cOuntry should be rejected. 

2. A perennial canal has an assured supply of water throughout the year; a definite 
quantity of water can therefore be guaranteed in the 

Seouiity oroertainty 01 supply. dry season, and in consequence of this a corresponding 
area of cultivation can usually be counted on in coun

trie. like Sind, where no crop can be grown without the aid of- irrigation or the inundation 

of land. 

3. With inundation canals, on the other hand, there is not only a dearth of water through
out the cold weather (when the river is low)· but there is the constant danger of a scarcity o~ 
supply occurring at some time during the flood season, and a low inundation year is disastrous 

to the country. 

4. When a large canal system is deprived of its normal supply the effects may be far 
reaching. 'An agricultural commnnity lives on the produce of the land, and the absence of 
crops means starvation or very great distress. The average value of a crop in Sind is Rs. 23 
and 100,000 aores more or less means a difference of Rs. 23 lakhs. Scarcity is at once followed 

by an increase of crime. 

5. The uncertainty of supply can be entirely got rid of by the introduction of perennia 1 
canals taking off from a weir or barrage across the river, with due precautions for the 

prevention of silt deposits interfering with the supply. 

6. An immediate consequence of this security ofsupply i. a very considerable enhance
ment in land values. The soil in the J amrao Canal area 

Enhancement 01 land vaIn... is admittedly inferior to that in other parts of Sind com-
manded by inundation canals, yet its value per acre is 

said now to be four times that of the latter. The Jamrao Canal does not posaess an absolutely 
assured supply, because the Nara Supply Channel, which feeds it is liable to heavy silting. 
Hence the value of land under a perfect system of perennial irrigation will be still higher. 

7. In his report on Revenue Prospects (page 5, paragraph 8), Vol. 2-Proposed Barrage on 
the Indus, Mr. W. H. Luoas, the Commissioner in Sind, considered Rs. 10 per acre to be a safe 
and moderate figure for the whole project, though he said " under exceptionally favourable 
circumstances much higher rates than this may be realized in individual cases." 

8. Another oonsequence of having a supply which can be absolutely relied upon is 'the 
creation of agricultural facilitiea resulting in various 

Agrionltuml advantages. advantages, tIiz.-

AU kinds of orope. 
(a) The possibility of growing all kinds o(crops 

suited to the climate. 

This would permit of crops peing grown to meet any public demand. A few years ago 
there was a great demand for cotton, but at present cotton is not so much wanted as wheat. 
and this being a rabi crop it can only be irrigated by canals flowing in the oold weather, i.e., 
perennial canals. At other times a special demand may arias for oil_ed crops, or sugarcane, 
and th~ supply could be met qnly if perennial canals were provided ; 

More valuable and more uaeful Drope. 
(b) The possibility of growing more intrinsically 

valuable or useful crops, such as perennial, or bersim ; 

• Most of the Sind Canals .... dry for W. period. 
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. (c) The possibility of getting a better duty out of 
the water, viz., bringing huger &re&s ofcropstomatu
rlty with the Same supply flowing in the canals. 

With inundation canals water is used on a lavish scale &8 all the irrigation h&S to be done 
as rapidly &8 possible. The perennial supply will-be normal and as constant &S may be -,e
quired. 

Greater a.verage outturn.· 

(d) The certainty of getting average outtums of 
greater value than the average under inundation irri
gation. 

As an example of possible benefit it may be stated that, when a crop suffers from frost, 
it has been found that an immediate application of water to the roots will save it. The 
damage from frost occurs of course in the winter when the river is generally at its lowest and 
inundation canals are dry. 

More intensive cultivation. 

(e) The possibility of CUltivating a greater pro
portion. of the land commanded, i.e., adopting in_ 
tensive &8 opposed to mensive cultivation. For 
the purpose of economy in canal construction it. is 

desirable to have a rabi area about equal to the kharif area. It is stated that this proportion 
ia not attainable in Sind; the Commissioner in Sind allowed in his report, Vol. 2, page 27, 
Statement A, 351,990 acres of rabi to 742,060 acres of kharif crops . . 

With intelligent irrigators it should be possible to get equal areas of kharif and rabi. The 
oase of the Jamrao Canal may be mentioned on which the rabi area W&8 rising rapidly, and 
approaching in eJiitent the kharif area in 1905-06, when it received two serious set-backs, on 
in 1906 and the other in 1908, due to the silting of its Supply Channel and consequent failure 
of rabi water. 

(f) The possibility of imisting onordered agri-
8oIontifio modern agriculture. cultural activities, the levelling and improvement of 

'lands to whioh water is granted and the maintenance 
of labour all the year round. Also the enoouragement to purohase all kinds of modem plant. fOI 

~culture and for the treatment of produce. 

(g) Thus industries will be fostered, and bring in 
their train prosperity to the cultivators, the construe
tion of railways and growth of trade, both inland 

ud f~r eJiiport, on a much larger scale than is now possible. 

9. One great advantage of the Rohri Perennial Canals, both Right and Left Bank, has yet 
~ to be mentioned, that is the Buperior command ob-

ConvenUm 01 Jift inlo flow irrigation. tained by the canals, because they take off at much 
higher level than the numerous inundation canals 

which they will repl&ce. Irrigation by flow undoubtedly uses more water than irrigation by 
lift, hut this C&D be allowed for, and a higher rate is oh&rged. Flow irrigation iB much more 
~apid, and therefore much more eortensive, while using at the same time less labour both in BleD 

&ad oauJe. The latter are then made available for ploughing and the O&rria.ge of produce. 

H. F. BEALE, 

Chief Engi_. Irrigation. 

18th Jul1l1915 • 
• 

r 
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Sukkur Barrage,; below gorgEl--'-ApprovaI of 
the Govemment of India to tbe preparation 
of detailed plans and estimates for a com
plete project for the-

. GOVERNMENT OF BOMBAY. 

PUBLIC WORKS DEPARTMENT, 
Resolution No. yv.' 1.---4946. 

Bombay {'-astle, 11th May 1916. 

Letter to the Govemment of India, Public Works Department, No. W. 1.-10515,* dated 
23rd September 1915. 

Letter from the Government of India, Public Works Department, No. 273-1., dated 10th 
lIIarch 1916, as under :-

.. In reply to your letter No. W. 1.-10515, dated the 23rd September 1915, I 
am directed to say that, in the circumstances explained, the Government of India appro\ Q 

of the preparation of detailed plans and estimates for a complete project including lL 

barrage below the Sukkur Gorge, with two large canals taking off as originally proposed 
on the Right and Left Banks of the Indus.river, to provide a water-supply for the peren
nial irrigation of the areas now served by numerous inundation canals . 

.. 2. I am at the same time to forward copy of a notet on the project, dated 
the 7th January 1916, by the Inspecto~-General of Irrigation, and to ask that; if the 
Govemor in Council sees no objection, the several points dealt-with in paragraphs 20 
to 26 thereof may receive the careful consideration of the Govemment of Bombay be
fore the project is finally drawn up." 

RESOLUTION.-The letter from the Government of India and the notet by the Inspector
General of Irrigation accompanying it, together with copies of this Govemment letter No. 
W. 1.-10515, dated 23rd September 1915, and its accompaniments should be communicated 
to the officers concerned for information and guidance. 

2. In preparing the project the suggestions made by the Inspector-General of Irrigation 
should be carefully studied. Arrangements should be made to gauge the silt-bearing capacity 
of the water above the gorge and at the outfall gauge site, particularly in flood time. The 
quantity of silt in suspension at these places and at Kotri should be compared. Also a few 
observations should be made in flood time at the mouth of large canals, such as the Begari and 
Fuleli, for comparison with what will occur at the lower Barrage site. 

3. Orders regarding the formation of a new temporary eJIlecutive district for the prepara
tion of this proj~ot are being issued separately. 

To 

W. N. CARTLAND, 
Undet- Secretary to Government, 

Irrigation and Railways. 

The Revenue Department, Secretariat. 1 -
The Commissioner in Sind. 
The Chief Engineer in Sind. With copies of the Bombay 
The Superintending Engineer, Indus Right Bank Division. Government letter No. 
The Superintending Engineer, Indus Left Bank Division. W. 1.-10515, dated 23rd 
The Accountant General, Bombay. September 1915 and its 
All Collectors in Sind (inoluding the Deputy Commis- accompaninients (except; 

sioner, Upper Sind Frontier). plans).' 
All Executive Engineers in Sind. 
The Private Secretary to His Excellency the Governor. L 

• Baing communioatied with this Resolution. 

t Printed as an aocompaoimen~ 
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Accompaniment to Government Resolution No. W. 1.-4945. 
dated 11th May 1916. 

Note by Mr. M. Nethersole, O.S.I., Inspector-Gene'lal of Irrigation in India on the Suklcur 
Barrage Project, Sind, dated the 7 th January 1916. 

In the Secretary of State's Despatch No.1 of 9th January 1914 returning the Sukkur 
Project unsanctioned His Lor!iship drew attention in paragraph 6 to recommendationa made 
by the London Committee in paragraphs 30-38 of their Report, viz., that certain further 
technical investigation was necessary before either the necessity for, or the proper treatment 
of, a scheme for perennial irrigation in Sind could be determined; and simultaneously with 
this investigation they advised the preparation of the best possible project to be held in readiness 
in event of perennial irrigation for Sind being found necessary. 

2. The Bombay Government letter deals with the further technical investigation, 
recommended by the London Committee, formulates the general lines of the project which 
they consider best, and asks approval of the Government of India to the project being pre
pared. 

3 .. The proposals of the Bombay Government are in general accord with the recom
mendations of a Committee which met at Sukkur in March 1915 for the purpose of conaidering 
further data which had then been collected, and which are now more fully dealt with by the 
Chief Engineer in the notes accompanying the forwarding letter. I note as briefly as possible 
on the main points where necessary in extenaion of what was already recorded in the Proceed
ings of the Sukkur Committee. 

4. Firstly with regard to the probable effect on the Sukkur gauges of further withdrawals 
in the Punjab. Owing to periodic changes in the state of the river bed above and below the 
Sukkur gorge as also to periodic changes in the length of the river between Sukkur and Kotri 
both of which affect the Bukkur gauge it has been found impossible to accept equal gauge 
readings at Sukkur in different years as representing equal dischsrges. This renders the 
determination even of the general effect on the River discharges at Sukkur of the past and 
future Punjab withdrawals difficult, and its ellIact determination quite impossible. 

5. Nevertheless there is direct evidence briefly summarised in the statement on page 
7 of the Memorandum of the SuIclmr Committee's Proceedings and amplified in paragraphs 12 
and 13 and statement VI of Mr. Beale's Note No. I to show that in certain years shortage of 
supply has been elliperienced on the Inundation Canals to the detriment of irrigation in the 
past, more especially during the late monsoon periods, and that any possible diminution of 
these sliort supplies by further withdrawals from the Punjab must undoubtedly enhance this 
menace to Bind agriculture. 

.. 

6. Further there are certain indications referred to in paragraph 9 of the Bombay Govern- " 
ment letter that there has been some, though very slight, reduction in the minimum gauges 
recorded at Bukkur corresponding with the increased withdrawals by the Punjab Canals during 

the Rabi season. 

7. In this connection there is a point which it il; de6irable that I should clear in order 
to avoid any possibility of future mislmderstanding. In the ~losing paragraph Part I of the 
Memorandum of Proceedings of the Sukkur Committee it is recorded from a consideration 
of the llame evidence referred to in paragraph 9 of the Bombay letter that it" appears to 
indicate that the Punjab Rabi withdrawals have affected adversely the minimum supplies' 
at Bukkur" while the Bombay Government !Ccords that it has not had " any but the smallest 

eftect." 

8. The 8lIiplanation of these somewhat cfu.crepant de?uctions from consideration of the 
same data is to be found in paragraph 14 of Mr. Beale's note II in which he points out the ab-
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normal ch&racter of the minimum supply in the year 1877-78. The Bukkur Committee included 
t'hia exceptional year in framing their deductions while Mr. Beale on further consideration 
thought that it ought to be e=lndecl.. I consider that he is correct in excluding it and' in the 
consequent conclusion arrived at as regards the efiect of Punjab withdrawals on the minimum 
gauges 'at Bukkur beiug very slight which is recorll-ed in paragraph 9 by the Bombay 
Government. 

9. The Bombay Government refer also to certain correspondence subsequent to the 
London Committee's Report as between Sir James Wilson, Sir Thomas Holland and Sir John 
Benton, which has also been received by the Public Works Department of the Government 
of ludia unofficially through the Revenue Department. While this correspondence is of some 
academic interest, there is, in my opinion; no possible means of determining the correctness 
of either of the conflicting theories advanced with regard to the under ground flow being inter
cepted at Sukkur nor is there anything to show that the seepage back into the Indus at or above 
this point is at aU commensurate with the abstraction of water for the Punjab irrigation 
higher up. 

10. All the direct evidence available, so far as it can be considered conclusive, is in 
accord with what maybe confidently advanced as the common sense theory the. t the abstraction 
of water from any river for irrigation must inevitably reduce supplies lower down the river 
lind cannot induce return seepage equal to or greater than the abstraction. There are not 
wanting in other ludian Rivers many practical proofs of the soundness of this common sense 
theory and I consider that no e~mination of the figures and data which we have available 
in Connection with the Bukkur gauges and observed discharges of the ludus can possibly be 
held to justify any theory to the contrary. 

11. These general conclusions 8S to the effect of the Punjab withdrawals on the Sukkur 
gauge are those adopted by the Bombay Government as a result of a further exainination of 
the available data, vide paragraphs Band 9 of their letter, and in them I concur. 

12. One point made by the London Committee in their Report paragraphs 5-7 has 
not been dealt with spacifically is the Bombsy Government letter, namely. that there has 
been a general rise in the average gauge readings at Bukkur since the Punjab irrigation has 
developed owing to protective embankments having been constructed along the ludus above 
Suklmr. This poin t was dealt with in the Proceedings of the Suk\mr Committee Part! (1) as 
follows :-

co The effect on the ludus gauge at Sukkur during floods higher than about 8' is 
very, marked, since protective bunds above Sukkur were eoJDlDenced about l876 
but there has been no a pprecia ble effect on the Bukkur gauges below this level;' 
This conclusion is fully borne out by Mr. Beale's diagrams I, 1-14 and II. 1-2. 

13. It is necessary however to point out that it is not a general rise in average gauges 
which is of importan:ce to the Sind Iniga tion, but the possible reduction in the critical ga Uses 
below about 8' during critical periods of the crops, that is at the early and late monsoon periods, 
and the Bombay conclusions on this point together with the evidence on which they are bssed 
have already been noticed. 

14. The proposal advanced by Dr. Summers to construct the Rohri Canal firat and the 
Barrage only when it might be found necessary later on, referred to in the London Committee.'s 
Report paragraphs 23-28. is dealt with in ths Bombay Government letter' paragraph 10 fnd 
Mr. Beale's note No. III. The ~mbay Government agree with the London Committee that 
it is inadvisable basing their conclusion not only on the risk of the Rohri Canal itaelf failing 
frolllsiiting but also because of the risk to the Right Bank inundation system which would 
eertainly Buffer from the additional heavy withdrawal from th~ river 80 near their out-takes. 
In this I ooncur though I have to note further tm. the point later. 
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15. Paragraphs 11-15 of the Bombay'Jetter are a plea for perennial irrigation in the ge~ 
neral interest of progressive agriculture an,d development in Sind which will doubtless be ad~ 
mitted as desirable and supported by the Government of India provided the scheme can be 
shown to be financially sound, but cannot be accepted until the final estimates are prepared. 

16. The inclusion of the Right Bank Canal in the perennial scheme now advocated by 
the Bombay Government in their paragraph 11 is in accord with the London'Committee's 
recommendations.. 

17. Paragraph 16 of the Bombay letter refers to the change of site for the Barrage below 
the gorge which is the outcome of a suggestion made by the London Committee and which 
has prim{/ facie strong economic advantages, vide Sukkur Committee's Report (Part IV). 

18. Paragraph 17 is an approximate estimate of the general financial prospects ofthe 
proposed project which, though admittedly rough, is, I consider, sufficient to justify the pre
paration of the proposed project in detail for which approval is asked by the Bombay Govern
ment and which I recommend should be accorded. 

19. It is perfectly certain in view of the past history of the scheme and of the conflicting 
opinions which have been and may still be held by the many officers past and present who have 
been connected with it that any scheme which may be now put forward will be subjected to 
ellitremely acute criticism and will possibly meet with strong opposition. Thus while I am of 
opinion as the result of the further investigations carried out by the Bombay Government that 
the general proposals as now advanced by them are worthy of further investigation in detail 
it is obviously desirable that we should as far "s possible e.>Iamine closely all points which may 
be open to adverse criticism and I note the following for careful consideration. 

20. Firstly with regard to the Rohri Canal without the barrage. It might be quite 
feasible in my opinion to construct such a canal above the gorge with its head placed in ad vance 
of the e&sting sand deposits on the Left Bank in which supply might be maintained without 
the barrage and without undue risk of silting as Dr. Summers has throughout strongly 

advocated. 

21. The risk of silting however cannot be altogether ignored and quite apart from this 
the main and insuperable objection to such a scheme is that putforward by the Bombay Govern
ment that it would very seriously afiect the efficiency of the Inundation Canals lower down the 

river on the Right Bank. 

22. This objection has however not yet been specifically examined. In his notes Nos. I -
and II M.t. Beale has very eareful,ly analysed the probable effect of future Punjab withdrawals 
on the Bukkur gauges during critical years. But to make these investigations complete as to 
the possible effect of the proposed Rohri Canal without a barrage I consider that similar analysis 
should be made as to the possible effect of the Punjab plus Rohri Canal withdrawals on the 
actual recorded gauges of the Right Bank Canals in critical years. The number of days 
on which the critical gauges would have been adversely afiected in the early and late monsoon 
periods should be shown as has been done in examining the probable effect of the ~jab 
withdrawals on the Bukkur gauge. 

23. It should also be considered whether it would be possible. to make good this loss of 
level to the Right Bank Canals by moving their heads further upstream. 

24. The next point in which I suggest further investigation is necessary is in regard to 
a possible objection to the weir at t,he lower site that the silt accumulations above the gorge 
which are of regular occurrence on a falling flood will be carried forward through the gorge at 
a high velocity on a rising dood down to the lower !ite and that this will tend to greater silting 
trouble in the Canal at the lower site than would be elGperienced in a canal taking off from above 
the gorgo. This objection whicli may be important should be carefully examined by compara
tive silt observation at the two sites if this be possible during the next flood season. The 



113 

velocities in the river during high floods are great and it may not be possible to obtain eatWac
tory observation at the upper site. . Buch observations have already been ~en and are on 
reoord in the neighbourhood of the lower site but these by themselves are of no use for the 
purpose in view, namely, to ascertain the oomparative silting oonditions at the two sites for 
similar stages of the river and it is for this· purpose that I suggest concurrent observations are . 
necessary. 

25. The nm point to which I would draw attention is 11/1 to the cost of the weir. 
Mr. Beale has accepted the highest estimate for the weir at the higher site ."nd added 
thereto rough sum for the cost of the Right Bank Regulator as the probable cost of the weir 
at the lower site. The London Committee questioned the adequacy of the e&timate formerly 
submitted for the barrage at the upper site. The work at this site was of an unusual construc
tion in India river works. There are no other canal Headworks in India in which the physical 
conditions are quite similar. It is possible that they were correct in their criticism. 

26. At first sight it might appear that the weir at the lower site must prove cheaper for 
reasons and in the items given in the Bukkur Committee's Report Part IV. 

On the other hand ~here is no other case in India of a barrage built on a river in which 
the minimum supply is 80 great as in this case. It will be e&tremely difficult to carry out the 
work, the pumping diffioulties specially will be enormoua. It is therefore very necessary that 
the design and method of construotionshould be most carefully considered and fully estimated 
with ample provision for unforeseen difficulties !>efore the project again goee forward to the 
Secretary of State. I do not consider that the probable cost can be judged by comparison 
with existing works of a similar nature in India where the physical conditions are 80 much less 
severe than they are in this ease. 

M. NETHERSOI£ 

Inspector-GemraJ o/Irrigation "' India. 
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A. note by the Honourable Mr. H. B. Lawrence, C.B.I., I.C.B., Commissioner in Sind.. 

Dated, JaftlMJry 1919. 

THE SUKKU~ BAR~AaE. 
The importance of the early construction of thie flChema has been more clearly established 

than eWl' before by the conditione of the present sea.son. The province of Siod, which has 

always hitherto been able to feed its population on its own produce of millets and rice, and. to 

eJllport a considerable surplus of rice and wheat and pulses, has for the fi.rst time in authentio 
j:eCOrd been compelled to import food for its own population. 

2. The position may be summarised in round figures as follows:~ 

(a) With a population of 4 millions, Bind had an average culti"Vation of 4 million &cres ; 

of which 3 million acreS were under food-grains and 1 million acres under Cotton and oilaueds. 
Of the cultivation, a small amount depended on rainfall, but this rainfall· is 80 precarious that 
the oiltturn was always doubtful; and it is sufficient to confine the survey to the irrigated crops 

alone, which on the average elliCeeded 90 per cent. of the whole. 

The irrigated crops may be taken as-~ 

11 lakhs of acres 

3 .. .. 
12 .. .. 
3 .. .. 

29 .. .. 
4- .. .. 
3 .. .. 

36 

•. ltice. 
.• Wheat. 
.. Millets. 
•• Pulses. 

•• Total food-grains. 

•. Cotton. 
•. Oilseeds. 

And their outturn and consumption may be estimated \\ll under :

(Figures are given in lakks). 

, 
Locally 

Outturn. consumed 
Percentage. 

Rice . . · . . . · . · . .. Toru;. 4 3 (75) 
Wheat · . . . · . · . . . .. 2'2 1'9 (86) 
Millets · . , , · , .. .. .. 4 3'3 (85) 
Pulses and other food-grains ,. .. .. .. 1 '5 (50) 

Total foodgmins .. .. · . .. .. 11'2 8'7 (77) 
Cotton .. . .. .. .. Cm. 3 .... 
Oilseeds .. .. .. .. .. Tons. 3 1 (33) 

Exported 
Percentage. 

1 (25) 
'3 (14) 
'1 (Hi) 
'5 (50) 

2 '5 (23) 
3 (100) 
2 (66) 

(b) In the current season the inundation of the riverfailed to reach a height at which th~ 
majority of the canals could eflectively irrigate the lands commanded. Large areas were 
therefore not sown at all, and in other areas the cultivation season was cut short and the crops 
withered. Accurats ststistics are not available, but it is estimated that the summer harvest 
of food-grains has decreased in area by 8 lakhs of acres, or 33 per cent.; and the outturn of the 
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area cultivated has fall~n short of the normal outturn by 400,000 tons of rice and millets, and 
the winter harvest of wheat and pulses will fall short of the average outturn by 100,000 tons ; 
that is, a total reduction of the food-<!upplies of the province from 1,100,000 tons to 600,000 
too. Instead of being able to supply 250,000 tons to alleviate scarcity in other parts of India. 
Sind. is herself for the first time on reoord a deficit province, and will require, in order to feed 
her own population until the next summer harvest comes in, an amount of 300,000 tons. 

3. If the Barrage and the main canals dependent thereon had been constructed, the 
position would have been very diiferent. Theee canals are estimated to supply water tor the 
annual cultivation of- . 

(a) On the Right Bank 
(b) On the Left Bank 

•• 6 lakhs of acres of Rice. 

:. 3" "Jowari. 
4,,, .. Cottoil. 

10.. .. Wheat. 

4.. "Pulses. 

27 lakhs of acres. 

Of these 27 lakhs of acres of cultivation, 9 Iakhs are lands at present wholly uncultivated 
and"n 18 lakhs of acres of old cultivation the crops would be made secure and 9 lakhs of acres 
pf neW cultivation would be added.' 

4. In a yesr of distress Bucli as the present, the outturn and value' of these safeguarded 
crops would have been as under:-

Present Price Total Val .. 
Outtum. (Oro ..... ! (Milli ... 

rupees). atorliog). 
, I 

Riot · . · . · . · . .. Tons. 300,000 6'6 4'4 
Wheat · . · . · . · . · . " 

500,000 9'5 6'3 
Millets · . · . · . · . · . " 

100,000 2'~ 1'5 
Cotton (lint) · . · . · . · . · . Om. 130,000 '6 '4 

20'3 13'5 

6. This year. in place of 18 1akhs of acres cultivated it is probable that not more than 
1~ 1akhs will ,have been cultivated. The high prices have raised the value of the outturn 
very greatly, nevertheless a liberel estimate would place the crops at £3 per acre, or say £3. 
million pounds. With the outturn that may be confidently expected upon a secure supply 
of water, the value would on a conservative estimate be not less than £5 per acre; and this rate 
on 27 1akhs cf acres would represent £131 million pounds. Thus the surplus value of the crops 
that would have resulted from the existence of the Barrage would be £10 million. The coot 

, of the Barrage and the canals combined is not yet accurately known, but it has been roughly 
computed at this aame figure of £10 million. Thus the whole of the capital cost would have 
been saved to the country by the harvest of this single year. 

6. This is a purely financial statement of the case. for the other aspects scarcely need 
elaboration. In a year when the resources of the Indian Empire are strained to feed the peeple 
and their livestock, Bind, instead of being a weakness, would have been a pillar of strength. 
These canals would not onlY,have fed the people of Sind. but would have enabled Sind to export 
400,000 tons fot the relief of the famine in Central and Southern India. The Zamindars and 
cultivators, instead of being reduced to extreme poverty and distress, would have added to 
their store of wealth, and would have added their new resouroes to the improvement of 
fertility of their soil. It is doubtful if there i' any work contemplated in India which should 
prove RO rapidly remunerative to Government, an<lso heneficial for the protection of the inter
ests of the peeple. 



APPENDIX E. 

SUKKUR lIARRAGE. 

A Note on Surface and Bed Levels of the River Indus at Sukkor during great floods and the 
estimated Affiux due to Barrage. 
BY LnwrENUT A. A. MUSTO, lfUctilive EngitlUr,Sukkur Barrage Project District. 

Summary. 

The argument developed in the accompanying note is briefly as follows :-

(a) That it is desirec'l to find the surface and bed levels of the river, as certain poin ta 
below Bukkor, for an estimated possible flood of 1,500, 000 CUS8C8, which it has been 
assumed would pass Bukkor at a surface level of R. L. 205' O. 

(b) That from the recorded surface levels of past floods, it is seen that the surface slope 
from Bukkor to Outfall, and from Outfall to Barrage, is consistently steeperas the 
surface level rises, and that by analogy from these records, and by plotting'cUrves 
connecting recorded surface levels and slopes, it is possible to estimate the respec
tive slopes between these points forany other surface level at Bukkor. The surface 
level at each of these pointe, corresponding to a level of R. L; 205- 0 at Bukkur, for 
a flood of, 1,500,000 cusecs is thereb:r obtsined. 

(0) That from an examination of many hundreds of discharge measurements at Outfall, 
shown in the Indus River Commission Records, it is found that the highest 
mean velocity over the stream occurs on a rising flood, and increases to a critical 
value, Buch that the bed is scoured away as fast as the discharge incresses (the in. 
ference being that at a lower velocity scour occurs less slowly than discharge 
inoreases. so that the increasing discharge gredually rises in velocity, until it 
reaches the critical value at which scour occurs as fast as discharge inc~ses). This 
critical mean velocity at Outfall is found to be about 11 ft./sec., and as the surface 
·level for the assumed flood of 1,500,000 cusees has already been found. and the 
width of the river is known, it is possible to calculate the mean depth (and hence 
bed level) to give the required critical mean velocity. 

(d) An inspection of the recorded bed levels at Outfall and Barrage shows, that the 
upward slope of the bed, from Outfall to Barrage, increases consistently with the 
depth of the bed at Outfall: and by plotting a curve for pest floods, connecting 
bed level at Outfall with bed slope below Outfall, it is possible to estimate t.he slope 
of the bed for any other bed level at Outfall. Thus the upward bed slope for the 
estimated bed level at Outfall. due to the estimated flood of 1,500,000 C1l8eCII 

is found. and hence the bed level at Barrage for this flood is found. 

(e) We have now obtained t.he bed level and surface level at Barrage for this estimated 
flood of 1,500,000 CU88es. and as the width is known, the mean velocity can be 
calculated. This is found to be 12 it. per second which is considembly more than 
the highest velocity (8' 2 ft./seo. with a discharge of 708,000 cusecs) hitherto r&

oorded at this site. But the bed 8COur at this site is never very rapid or deep, 
even in the biggest floods hitherto recorded, and it is found that whereas in the low 
water season the river tends to run in naJTQW deepish channels, yet when the floods 
come down, instead of these channels deepening, the higher portions of the bed are 
scoured. thus forming a practically regular section right across the river. This 
8eems to indicate that at the deeper levels to which the bed has hithexto been 
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scoured, it is hard enough to xesist soour at higher velocity than the highest mea .. 

velocity yet reoorded. 

AB the estimated mea .. bed level for the flood of 1,500,000 CWieCB is about 3' lower 
than the deepest mea .. bed hitherto recorded, and it is about at the same level as 
the deepest portion of the latter. it is considered that at this level of harder bed, 
tha calculated velocity of 12 £t./sec. would probably be required to soour it away 
aa fast as discbarge in cressed. 

(j) Scour would oontinue at a slower rate with the falling flood until the bed had been 
scoured to the estimated level, another 3' lower, by which time the velqcity would 
be reduced to about 9 £t./sec. and it is considered that, at this greater mesn depth 
and harder bed, soour would cease at such a velocity; and with a further decrease 
in discharge and velocity, fill would recommence. 

Observations at actual bed levels at this site have not been taken for a sufficiently 
long period to enable a reliable check on these calculations, but the reoords and an 
inspection of the plotted longitudinal section, appear to indicatj> that the assump
tions are reasonable. Since the bed will here be adequately protected against 
erosion, it is not of vital importance to arrive at a quite accurate estimation of bed 
levels, especially on the falling flood. Some approximation of the bed levels is 
necessary in order to design the floor, and as a rough check on the estimated water 
surface levels, found by the method. of analogy. 

(g) Having thus obtained an approximation of the surface level, bedlevel,and velocity, 
for the estimated maximum flood, at the Barrage site, to be anticipated with an 
unobstructed natural river, the effect of inserting a parallel throat (formed by tbe 
regulators), in the tapered stream, is estimated. Also the effect of lowering 
the natural bed to the designed floor level of the Barrage. Finally the effect of the 
obstruction due to the piers is calculated and the sum of these effects is the estimated 
amUll: due to the Barrsge and gives the estimated highest water level for such a 
flood after the construction of the Barrage. 
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SUKKUR BARRAGE. lhawing No. 40. 

1'1ld!u River Levels in flleat floods and the effect thereon of the proposeil 
• Sukkwr Barrage. 

1. The first point to be considered is the maximum flood which may be anticipated and 
adopted for purposes of design. Tliis point was fully and carefully considered by Messrs. Hi.!l 
and Beale in connection with the original project for the Sukkur Barrage above the gorge, and 
it was decided by Government as the result of various approximations and calculatiol\s (see 
Sukkur Barrage Project Report, 1910. Volume 4, pages 3,4, 24 a.nd 90 to 94) to estimate for a. 
flood of 1,500,000 cusecs passing Sukkur with water surfa.ce a.t R L. 205'0 at Bukkur (gauge 
rea.ding 20.56). This flood and level have been adopted in tbe present project, although later 
information seems to show that the :reasoning on which the surface level was estimated gives 
too high a. figure. Thus on page 93 Mr. Hill estimates by simila.r reasoning that a. flood of 
900,000 cusecs woufd be passed with water surfa.ce at Bukkur RL. 203 and a velocity at out fa.ll 
section of 9 ft./sec., but actually on 1st August 1914 a flood of 949,000 cusecs passed Bukkur 
with wa.ter level R L. 201' 44 a.t Bukkur and velocitya.t Outfa.ll 10'18 it.sec., while on 5th 
August 1914 a. flood of 885,000 cusecs passed Bukkur with surface .at R L. 201' 74 and, 
velocity 8' 96 it./sec. at outfall. The above estimate for surface level R L. 205 a.t Bukkur 
for an estimated flood of 1,500,000 cusecs may therefore be rather high, but is on the safe 
side, since the feature of da.nger is not the quantity of the possible flood, but the level a.t 
which it will pass. 

2. Starting then with an estimated flood of 1,500,000 cusecs, passing Bukkur with a 
surface level of R L. 205' 0 it is necessary to find at what level this flood would pass the new 
Barrage site 4 miles below Bukkur if the river were unobstructed as at present. Having 
obtained this level we can then estimate the af!lux which would be caused by the Ba.rrage . 
obstruction. 

To e8timate the wa/e1" levels at tJariouB points below Bukkur for a flood of 1,500,000 CUBec8 

passing Bukkur with Burface R. L. 205. 

3. I have made many calculations to endeavour to find these levels at various points, 
but the conditions of the river in this length are so extraordinariiy variable and irregula.r that 
I have found all calculations useless. Most equations for the flow of water in open channels, 
a.re Msed on the fun da.mental assumption that flow is Jleady, i.e., that velocity, depth and width 
of channel are constant throughout the length col\sidered. None of these conditions apply 
in the present case. Integral equations for flow in channels of varying section can be evolved 
in terms of the bed slope, water slope, co~fficient of friction, and length and widthof the chan
nel, but again in the present case the first thIee of these terms are unknown and constantly 
changing; and after many lengthy calculations assuming values for these terms, taken from 
available da.ta of past discharges, I find they all lead to absurdities or impossibilities and I am 
compelled to consider that (with the constantly changing .and indeterminate conditions at the 
Barrage site it is impossible to calculate the conditions ata given section from any application 
of the theory of flow. It remains then to find some method of reaching a decision. other than 
pure guess work; and I have adopted what maybe describe~as a. method of Rational Ana.logy. 

Mdl1od- a.il<Jpteil for e8timating maximum flooil lel!eZs at Barrage. 
4. In the following argument and in drawing No. 40 only two sections, in each year con

aidered, have been used. It may be thought tha.t more reliable results could be obtained by 
considering the averages of many sections. but I do not agree with this point of view. 

5. The Indus River Commission has compiled many thousands of measured data taken 
during regular observations spread over many years, and averages of every kind have been 
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worked out. YetDot a single expression has been evolved from these averages which gives the 
a1ightest reliable connection between the varying phenQ~ena; or explains in any way the. 
v~garies,oftheriver. It appears to me that, in such CBses, averages merely hide the cha" 
racteristics and typiCBI developments of the regime of the river; anlj. that a far better idea 
of what actually occurs, ClLn be obtained by studying one cycle of changes at a time. I have. 
accordingly taken two of the largest discharges of each of the three years considered (we are 
dealing at pres~.nt only with large discharges) and which follow one another without inter
vening fluctuations of levels, the change of water surface between two observations in each 
year, being in each CBse a gradual one, the higher discharge on a rising river, and tbe lower one 
on the succeeding fall. 

6. During the years 1917 and 1915 earefnlmeasurements of the river section have been 
taken at two points below Bukkur. At the Outfall section, the river section is measured twice 
weekly and the discharge also measured on the same day. At the Barrage site the river 
section only is, measured, twice' monthly. It has hitherto been measured one day previous to 
a diScharge measurement at Outfall, and hence the measurements at the two sections, being on 
difierent days, a~ not exactly comparable, but as the section changes very little at the 
Barrage site the error in volved is small. Arrangements have now been made for all future 
measurements at Barrage Site to be made once weekly on the same day as those at the 
Outfall, and immediately after the latter is finished, so that the two sections will in future 
compare accurately for the same discharge. 

7. In addition to these sectional measurements, CBreful readings of water level are 
taken daily on gauges fixed opposite one another on each bank at the outfall, at the Barrage 
site, at points 4,000' below the Barrage and at points about 7,400' below the Barrage. 

S. Tbus the mean surface levels on any date can be plotted, while the mean bed levels 
at outfall and Barrage CBn be plotted for the days on. which the observations are taken, i,e., 
twice monthly (in future they will be weekly). This has been done in drawing No. 40 for the, 
largest floods occurring in the present and p""t year, and in 1914 and fro~ these longitudinal 
sectiom. much valuable information CBn be obtained, and inferences drawn by analogy, as to 
prohable conditions with other discharges. This is what I describe as a method of Rational 
Analogy and it appears to me to be the most reliable method available, although the ac
curacy of the results can only be approximate. 

9. Referring now to Table A (see page 126) and to drawing No. 40 on which 2 large 
disoharges in 1914, 1917 and 1915, respectively, have been plotted, some remarkable facts 

are visible, and the difficnlty of applying any theoretiCBI calculations is at once seen from 
the plan and longitUdinal section, 

10, The first point of importance to note is that, in the length from Bukkur to Outfall, 
the higher the water surface is, the steeper becomes the slope. Similarly in the other three' 
reaches below Outfall, t,he slope is always steeper with a high water level. Hence we may' 
assume that this condition would continue for still higher gauge readings. 

11. Next examining the bed levels we see that the deeper the bed at Outfall. the steeper 
becomes the upward slope of the bed to Barrage. Hence we may assume a similar steepening 
of this slope for .. still deeper bed .. t outfall. 

12. A further very important point to notice is the extremely small change in the 
- average bed level at the Barrage for flooo. of very different quantity, indicating that thil' 

portion of the stream bed, forms .. natural bar which regulates the velocity and leveI! 
above it. At Outfall on the oontrary the bed is scoured or filled through very wide limits by 
the regulating effect of the natural bar below it. 

13. Again it will be noticed from the drawing (No. 40) 1IIl4 also from Table A attached 
that whereas the surface blope in the reach from Outfall to Barrage is consiEtently less than 



120 

in the reach from Bukkur to Outfall, the slope froin Barrage downstream is consistentlY-steeper 
than in the reach above the Barrage. Thib again shows that the Barrage Site is a natural 
river bar. 

14 We can now by analogy arrive at an approl.imate estimate of the water levels and 
bed levels at these pointe with the estimated flood of 1,500,000 CUfecs. Starting wIth R. L. 
205 at Bukkur we may assume that the surlace slope to Outfall WIll be steeper than it was 
with a discharge of 949,000 (1 in 2,720). 

15. The following table bhoWli the details of this reach of rivet :

TABLE B. 

Water level 
Date. Discharge. at Water level at Outf&ll. 

Buklmr. 

! , Fall 
31st July 1918 · . · . · . 261,000 192'34 191'46 '88 

17th July 1918 · . · . · . 403,000 194'14 193'12 1'02 

12th August 1914 · . · . · . 405,000 195'44 194'33 l'll 

22nd August 1917 · . .. .. 680,000 198'74 196'43 2'31 

8th August 1914 .. .. .. 711,()00 199'74 196'73 3'01 

15th August 1917 .. · . .. 708,000 200'24 197'22 3'02 

1st August 1914 .. · . .. 949,000 201'44 197'83 3'61 

Estimated .. .. .. .. 1,200,000 201:92 198'0 3'92 j 
Do. .. .. · . .. 1,500,000 205'0 200'0 . 5'00 

Slope. 

1 in 11100 

lin 9600 

lin 8880 

lin 4240 

lin 3260 

lin 3240 

lin 2720 

lin 2500 

lin 1960 

16. The level of the water surface at Outfall depends not only on the water and bed levels 
at Barrage Site, but also on the bed level at Outfall itself. The actual bed levels at this seotion 
as recorded are confusing and at first sight there seems to be little relation between dis<;harge, 
surface level, and bed level here. Thus on 15th August 1917 the bed level was 176'63 with a 
discharge of 708,000 cuseca and water level 197 '22, while on 22nd August 1917' the bed level 
was 171'73 ('.e" 4'9,lower) with a less discharge (680,000 cusecs) and water level 196'43 (i.e., 
only '79' lower); while on 1st August 1914 with a dischalge of 94~,OOO CUBecs tile bed was 
169'94 anil water level 197'83. It would appear that the deposits on the river bed at this point 
are easily disturbed, and that scour having been started by a sudden increase of discharge it 
eontinues for some time even with a falling water smiace and decreasing discharge of clearer 
water, and this action appears to'continue until the sand scoured from Outfall section has raised 
the bed below Barrage Site or the flood has filled up the river channel, thereby raising the water 
level again, until the velocity at Outfall is reduced to an amount which is unable to further 
erode the bed. A further increaEe of discharge bringing heavily silt laden water, further 
raiseL the water level and silting OCCIm. at Outfall, until the velocity is again increased sufli

ciently to restert scouring. 

17. Records show that in any given cycle of change.. the highest water level occurs at 
the top of a rising flood, and that thereafter the water level drops while bed level also falls. 
It js these highest water levels with which we are concerned. For the deeper bed levels 'at 
Outfall after the maximum flood there will be some tendency to increase the deepening to a 
less degree at B~age, but the Barrage floor will be made of material (stone) which will be 
able to resist any tendency to scour. The upstream apron of loose stone will settle into any 
800ur hole above it and prevent further scour. 

18. The following table shows what the bed levels were lit Outfall and Barrage for the 
floods bhown on drawing No. 83 and what it it; estimated they would be for the estimated maxi

mum flood of 1,500,000 CIIsecs. 



I Discharge. 

31-7-1918 , . · , 261,000 

15-8-H17· •• · . 7.08,000 
17-7-1918 .. · . 4.03,00.0 
22-8--1917 ., · . 68.0,000 

1-8-1914 .. .. 949,000 

8-8--1914 .. ., 711,.0.0.0 
Estimated .. .. 1,5.0.0,000 

at end of 
rise, 

Do, .. · , 1,200,000 
after above 

flood, 
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'TA.BLE C. 

OotfaU, 

I Bodlo ... 

j at 

177'89 .. 
176'62 
174'61 
171'73 
17.0'64 

166'73 
161' .0 

154'35 
estimated, 

I Bodl .... 
ot 

Ba rrage, 

180'28 

181'12 
18.0'17 
180'.07 
17!Hl4 

179'.03 
177'2.0 

174'35 

-1 Slope, 

-
2'39 1 in 255.0 :tirean velocity 

at Barrage • 
,t'M 1 ia1355 ' 8'2 
5'56 1 in 1097 
8'34 lin 731 
9'00' 1m 660: 8'3 

Estimated. 
12' 3 , liD. 5.0.0 7'4 
16' 2 lin 375 12'3 

20' .0 lin 30.0 S'3. 

19. It will be _ tha.t the upward slope of the bed and the bed level at Barrage Site. 
does not depend upon the discbarge, but depen<la on the bed level at Outfall at the time, The 
records show that in .early August 1917 the bed at OutfuJ.l was ateadily deepening ,.nti}, ,tile 
22nd idem, while the water surface rose rapidly Ul'ltit tile 18th idem only IWd ,then slowly feU 
the bed again Nina after the 22nd August. 

2.0. Again on the 1st August 1914 the bed level at OutfaUona rising rivet witlh the 
great.est recorded liood {9(9,000 eusecB) was only 1 '<09' lower than on 22n<it August 19lT '~dia. 

charge 68.0,000 cu&ecs\ although the discharge on the fonner tiate was 40 % gt'eater, anti tbe 
water level only '61 higher. The mean velocity on 1st Augu.t 1914 was 10'18 ft.·f Beeo 
88 &gmt s'.o7 ft. / sec, on 22nd August 1917 anti as again.~ 10'(l6 an 15th August 1917 
when the discharge was 7.08,000 cuseca. 

21. The observations of many discharges in past years show that the meaD velocity at 
Outfall only occasionally exceeds 10 it./sec, though it has ooce been as high as 11' 70 ft. I 
sec, and & few times as much as 11 ft, I sec, 80 that it appears that for floods hitherto 
reco!ded., the beel at O"tfaU adjusts itself 80 that velocity does notexoeedabout 10 to 11 it. , 
BOO. Assuming that the estimated maximumfl..,od of 1,500,000 cusecs may scour out the 
bed even deeper'than any recorded levels in the past, it is also reasonable to a.sumethat this 
bed, which has perhaps not been disturbed for centuries will be fairly hard (borings show this 
characteristic at the greater depths)and that it will require the highest velocity hitherto ~r4' 
ed, or say 11 it,/sec, to keep 8COur going, 80 that it keepa Pace with the rising Wacliarge. 
With a discharge of 1,50.0,00.0 cusecs, surface level at R. L. 200 as assUDJ.ed, and the _ 

velocity at Outfall 11 ft, aec. the bed level would be 161'0, or 6' lower tbali ever mco.rded. 
This seems to 8how that the previollB method of reasoning by which the ilu.rface level waJI 

estimated is a reasonllble one. It appears from analogy with previous floods and betileveIs, 
,that this maximum velocity of say 11 ft. /sec. at Outfall will probably occur before the 
maximum dischaTge is reached. but that with the increasing discharge the bed will BCOJU 
out with this velocity as fast as the discharge increases. That is to &&y, with this higher 
critical velocity scour will occur 80 quickly as, to prevent any collSiderable iwl_ 
above the higher critical velocity, After the maximum discharge has passed, scour will still 
continue with a lower velocity, but more slowly than with the higher critical velocity, and 
this tI08U will Matinee lIBttl & lower «meal velocity. which is insufficient to move t\;le lied at; 
aU. is reached. 
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22. The observations of bed levels vnth big discharges in 1914 and 1917 show that scour 
-4leIIses, and fill recommences, at Outfall, at velocities between 7' 5 and 8 feet per second. 
Hence at the greatest depth (and harder bed) assumed to be scoured by the assumed flood 
of 1,500,000 cusees, it may be assumed that scour would cease with a velocity of about 8 feet 

per secQnd. Hence assuming that on tha Falling flood a discharge of 
Be. Table B. 1,200,000 cusees is passed with a level Ilf 198 at Outfall, and mean width 

3,440', the mean depth for' a mean velocity' of 8 feet per second 
. would be ~~:.: =43'65. Hence'mean'bed level would be R. L.198-43·65=154'350r 

S' 83' lower than ever recorded. With this bed level at Outfin it 'is estimated 
by analogy (see drawing 83 and table C), that the mean bed level at Ij. B~:ri:age S~ction (unob·. 

,tructed) would be R. L. 174' 35. This gives a natural bed level of about 
See Drawing No. 40. R. L. 169 at the position of the ,upstream end of the undersluice floor 

whose top'is to be laid at R. L. 173 and bottom at R. L. !ii7 while at 
the upstream end of the central portion of Barrage floor proper, the natural bed level would 
be about 173'O,andthetop of apron isto be laid at R. L. 176 and bottomatR. L.167. 

23. Thus it is probable that if such a flood occurred there would be a tendency for the 
,bed at the upstream edge of the Barrage and the undersluice aprons to be scoured out and the 
latter undercut. But these aprons are made of loose stone which is specially d~igned t~ 
fall into any such scour and prevent further erosion. Hence the position and levels of these 
f100Pl may be considered satisfactory. The prevention of this scour would give increased 
affiWII, but the resulting water level with the falling flood would not be as high as that estimated 
for the maximum flood, and need not therefore be considered . 

. 
24. With the depths arrived at above Jor Barrage Section, with floods of 1,500,000 cusecs 

and 1,200,000, the velocities would be 12 ft. I sec. and 9' 3 ft. /sec. respectively. As 
the bed levelfor the greater discharge is 2'74' lower than thatfor the greatest discharge hitherto 
recorded, and the bed at this level may be expected to be harder than at the frequently disturbed 
upper levels, the resulting mean velocity of 12 ft. I sec. is p~obably not excessive. It is 
noticed from recorded observations that at the deeper mean bed ~evels, the scour,is very regular 
all over the section which tends to show that at the ~eeper levels the bed resists scour, and 
compels the higher portioDs to be eroded, rather than for deep channels to form in places. 
Thus on 22nd August 1917 (the lowest bed levels actually recorded a.t Barrage Section) the 
d;eepest channel in the whole width of the river was only 3' below the mean bed level, or the 
deepest scour was to R. L. 177 which is practically the same level as assumed for the mean bed 
level with the maximum flood of 1,500,000 cusees ; and 2' 65' higher than the mean bed level 
a88umed for the deepest river to be formed by the falling flood of 1,200,000 cusees after the 
greatest discharge has passed. 

25. The assumption is, that while the river is rising to its maximum discharge it will 
require a mean velocity ot 12 ft. I sec. to scour the bedat the Barrage, to the depth assumed, 
'by the time the flood bas risen to its maximum, and that thereafter scour will continue on the 
falling flood, until the bed is lowe,red another 3 feet, and velocity reduced to about 9 ft. i sec. 
'after which the hard permanent bed at this depth would no longer bescoured by this velocity; 
lind with a further reduction of the discharge it would begin to refill. 

26. When the Barrage floor .bas been laid all these conditIons will change and scour will 
be prevented, below R. L. 176'0 which is, the depth of natural scour for the greatest estimated 
discharge of 1,500,000 cusees. The effect of the Barrage therefore will be to maintSin the 
ilecreasing flood at a level higher than it would,~aturally assume; or t& prolong the period o'f 
high levels abo'/Je the Barrage. It will make little or no differenCE! to river levels below th? 
:Barrage. 

27. ,Now' from Outfall to Barrage.recorded water slopes were a.8 follows arranged in orde~ 
of ~~tude of discharge :- ' ' 

• 

•• 



Da ... 

31·7-1918. .. · . · . · . 
17-7-1918 · . · . · . · . 
12-8-1914 · . · . · . · . 
22-8-1917 · . · . · . · . 
8-8-1914 · . · . · . 

15-8-1917 · . · . · . · . 
1-8-1914 · . · . · . · . 

·Estimated . 
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TABLE D. 

Disch_. 
Water 1 ... 1 I 

at 
OutfalL 

261,000 191'46 
403,000 193'12 
405,000 194'33 
680,000 196'43 
711,000 196'73 
708,000 197'22 
949,000 197'83' 

1,200,000· . 198'0· 
1,500,OO~· 200'0· 

. " , 

Water level 
•• SI.ope.· . 

Barrage. .. , 

FaU. 
191'28· '18 1 in 34000 
192'88 '24 1 in.25400 
193'90* '43 I in 14200* 
195'83 '60 1 in 10150 
196'12* '61 1 in 10000· 
'196'58· '64 1 in: 9540 
197'16" '67 1 in· 9100· 
197'29* '71 lin 8600· 
199'13" '87 lin 7000* 

. 28. If a curve IS plotted from these It shows It would be reasonable to assume a slope 
of 1 in 7,000 in this length for the estimated flood of 1,500,OOOcusecs, which givee a level at 
the Barrage Site of R. L. 199'13. Below the Barrage we are not so. much interested in the 
levels but they would probably be approximately as shown on drawing No, 40. 

29. In the tapered section of the river it is proposed to insert flank walls (the regulators) 
1,200' long and parellel to one another and these will run into the natural bank upstream. 
Downstream they will be splayed sharply back to the natural bank again as shown in sketch. 

c 

.. 
z • 

F .. 
G 

. SO. Assume first that there is no barrage but only these flank walls, and assume natural 
bed level unaltered, There will be no shock lossee at entry A E as the flank walls run into 
the banks, Then from A E to B F extra depth or velocity will be required to pass the discharge , 
through the reduced section B F as compared with the original X Y. But from B F to C G 
reduced depth or velocity will be required to pass the discharge through the incre .... d section 
C G as compared with B F. But as A E and C G are the original sections of the river the only 
change between the veIocitiee at A E and C G will be that caused by the additional shock losses 
due to the more sudden ellipansion of the section from B F (equal to A E) to C G, as compared 
with the original gradual expansion from A E to C G, This will be comparatively small. We 
may allow for a rise from 199'13 to 199'5 at B F on this account. 

SI. But with the barrage there is another change in theee sections, that is, the bed level 
is lower than the natural bed, It has been assumed (see drawing No. 40) that the natural 
bed level at A E is R. L, 173, at B F is 176, and at C G (Barrage site) is 177'20. It is proposed 
to keep this bed at 173 at A E, and 176 at B F; aild to lower it to 173 at C G .. : Hence assuming 
(as shown) that the surface level with original bed level is ouly slight:y raised by the introduc
tion of the flank walls ABC and E F G, vi." that it is R. L. 199' 5 instead of R. L, 199 '13 
at Barrage Section, we may see how tIle surface level will be affected with the bed lowered 
about 1 foot at this point, If we assume the velocity to remain unchanged the surface level 
must drop also ; but as the bed of the river at some distance downstream will probably ",ma'n 
unchanged, and the surface level be very little altered., the extra depth of the Barrage floor 
will only have a local effect (if any) in lowering the water surface at the Barrage, bl't the velocity 

) 
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there will be reduced more or less in proportiGII. t9 !!he increased depth due to the lowering of 
the floor. It may however be assumed that the effect of lowering the bed here 'W'Ould partly 
counteract the increased head necessary to overcome tae extra shock loss due to the Budden 
ellipansion in width between B F and C G. Hence we may assume that the afll.u. will be that 
due to the obstruction of the pie:ra; and the 'W1tIier le'Vel iBlmedia.tely <lownat.re_ of the piers 
111&7 be takell as R. L. 199' 5. AJIlWli Willll(}W be ealculated. 

32. Fur btJrrage of ,65 .imw..zr iluices witl ,..vemel'.t8 at' R. L. 176'0' 

Asaumed water lelVol :without pieJlB, i.e., 
Water le'\>lel down stream of barrage 

R. L. 
l 
~ =199'5. 
J 

Now if there'are 66 spans there will be 65 piM; and 2 land abutments. 
Assuming that 7 of the piers are &.butment piers each 25' thick. Then there will be 58 

ordinary piers 10' thick. Allow 5' fQr half outwater of each land abutment. Thl'll 
total width between regulators will be 

. (66 x 60'+7 x25'+58xl0'+2 x'5" 
_ 3960'+175'+580+10' = 4725' = 1, = 13 

and width of waterway 66 x 50' = 3960' = 1, 
To calculate aJlluz-

fj :a 1.1.3~ ... f2 =- t 

r ~ Co IE. 

l. " 6) , 16) • 
.. D 

1,600,000 

£'.1 --'""a~ . 
'", ft..L.IS.·a 

'.1 
6 • 

....L 17~ 
H 

Discharge 1,500,000 cusecs = per ft. of opening 
3960 
= 379 cusacs " 

I, = 3960 = 1 
13 = 1, = 4725 = 1'1933. 

Comider &'tWm E F &: G H 
Pressure at E F m direetion of How 

W 
(il = -1, b,' 

2 

•• 

Preasuze at G H in direction of f1qw, due to easewater 
W . 

(ii) = - (1, -1.) h3' 

2 
Pressure at G H against /I.(}W 

W 
(ii'l = -13 h,. 

S 
Cluwge of pressu.rs = iii-i--i 

W 
= - (1. h .. -1. la,a - ( I, - I, ) h.-

2 . 

W WI. 
- (1, h,' -1. h,') = - , 1:.' -1,' . 
2 2 

Change of momentum E F to G H 
W 

= ;.... (ct. h. v,' -13 113 V • ~ 
8 

, 
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Equating changing of p!e88UIe to change of momentum we have 

W WI,' 
- (el, h, v.' - 1, h, v,') = - (h,' ~ h,' ) 
g 2 

- Q' 
, bat v,' = --'---- and v,' = --

eli 132 ~. II h,J· 
Q'W 1 1 WI,. 

-- - --)=-(h,'-h.') --~ 
g cl, h, I, h, 2 

2 Q' 1 1 
or -- (-- - --) = 1, (h,' - h,' ) 

- g (el. h, I, h, ' -

Su betituting valu,," we have 

2 X 379' 1 1 
--I -

32'2 '95 x 1 x h. 1'1933 x 28'5 
= 1 (23'5' - h,') 

2 x 379' 28'042 - -95h. 
( - ) = 552'3h, - h.' 

32'2 26'64 

---- (28' 042 - '95h. ) = 552' 3h. - h,3 
82'2 X 26'64 

334'9 (28'042 - '95h) = 552'3h, - h,3 
9391 - 318'2 h, = 552'3h. - h,' 

h,' - 870- 5 h, = -9391 
If h, = 20- 06 8072 - 17462 = -9391 
,', h. = 20-06 = R, L, 196-06 

Then to find h, we have 

VJ- V./ 
- + (h, - h, ) = - X 1'1 (allowing for shock loss on cutwa tes) 

2g 2g 
V' , 

,'_ h, - h, = 1'1 -
2g 

V,' Q' Q', 
- - but V.2 = and VI- = --

2g ell la2 ~2 I!· hll' 
Q' I-I, 1 

,-,h,-h,=- ( ~ --I 
2g o· 12- hall l z• hili 

379' 1'1 1 
OR, h, - -20-06 = - ( ) 

64'4 '902 X 1 X 20-66' 1-1933' x h,' 
379' 

h,' - 20'06 h,' = ( I-I X 1'424 h,' - 363 ) 
64" X 363 X 1-424 

= 4'31 ( 1-566h,' - 363 ) 
h,l - 20'06b,' = 6'749h,' - 1565 

h,' - 26' 809b,' = -1565 
14050 _ 15610 = - 1565 (h = 24'12) 

, " h, = 24- 12 -:- R.L, 200'12 
afilux due to piers = 24,12 - 23' 5 = 0' 62 

Total calculatsd and assumed .. filul[ 
200'12 - 199'13 = 0'99 

33, Hence total .. mux due to Barrage equals amu due to flank walls (lW paragraph 
31) auumed to be '37', plus .mu due to piers = 0' 62. Total.1IIux = 0'99. 



• 

TABLE A. 

Water lovel. F.u Surface Surf ... 
Fall Surface Fall Surfo.oe Water from slope from Wa.ter level Fall from slope from 
from slope from Water from slope from level at Barrage Barrage It mile. Mirwah Mirwah 

Daw. Discharge. Bukkur Bakkur level at Outfal! Outf.ll Mirwah to to below Bacha! Bacha! 

Bukkur. Ontf.n. to to Ba.rrage. to to Bacha! Mirwah, Mirwah Barrage. Shah to Ii Shah to Ii 
Outfall. outfall. Barrage. Barrage. Shah. B.cha! Baoh.! miles below miles below 

Shah. Shah. Barrage. Barrage. 

I 
I 

7 

Cusecs. R.L. R. L. Feet. R. L. Feet. R. L. Feet. R. L~ Feet. ..~ 

.. 
31-7-1918 261,000 191'34 191'46 '88. 1 in 11,000 191'28 '18 1 ill 34,000 190'97 '31 1 in 12,900 190'25 '72 1.in 4,72 

• 
17-7;1918 403,000 19414 193'12 1'02 , lin 9,600 192'88 '24 1 in 25,400 192'53 '35 ] in 11,400 . 191'90 '63 1, in 5,4Il . 
12-8-1914 405,000 ]95'44 194'33 1'11 1 in 8,880 193'90 '43 1 ill 14,200 .. .. .. , , " , · .. ' . 
22-8-1917 680,00~ 198'74 . 196'43 2'31 lin 4,240 195'83 '60 1 ill 10.150 195'18 '65 1 in 6,200 

I 
, , , , , , 

8-8-1914 . 711,000 199'74 ]96'73 3'01 1 in 3,260 196'12 '61 1 in 10,000 .. .. .. .. . , .. 
I 

15-8-1917 708,000 200-24 197' 22 3'02 lin 3,240 196-58 '64 1 in 9,/';40 196- 33. -24 1 in 16,700 1 .. .. · . , 
1-8-1914 949,000 201-44 197'83 3'61 1'in 2,720 197-16 '67 lin 9,100 .. .. .. .. ' . 

I • '. I . 
Esti- 1,200,000 201' 92 . 198' 0 3-92 1 in 2,500 197-29 '71 1 in 8,600 . I .. , , ! . , .. .. ; .. .. 

" I 
mated, 1,500,000 . _ 205' O' 200' 0 5' 0 lin 1,960 199'13 '87 1 in 7,000 . ' .. i .. .. .. .. 

i 

.. , 
". 

;0 

o 

..... 
:~ 



. APPENDIX F. 

TABLE OF HEIGHTS 

OF 

THE RIVER INDUS ON BuxxUB GA.nGE, 
.' . 

i· 1 

JatluM.'" 
Year. Date, 

1855 •• 4th For 0'5 read .. 0'4 
6th .. 0'6 .. 0'5 
8th 

" 0'5 " 0'6 
lOth 

" 0'4 " ·0'5 
14th 

" 0'6 " 
0'4 

15th .. 1'4 " 0'6 
'1860 5th 

" 
0'3 " 0'2 

24th 
" 0'1 " 0'0 

1873 26th .. -9'7 
" -'-{)'7 

1874- 4th " 9:5 
" 0'5 

1888 28th 
" 

90'7 .. 0'7 
1891 26th .. 8:2 

" 5'2 
1897 5th 

" 
---9: 

" -0'2 
1898 26th 

" 
0:0 

" 
.. 0'1 

1907 " From 16tli to 31st read all min ... instead of plus, 

February, 
Year, Date, , 

1861 8th For -'-{)'3 read -'-{)'4 
9th 

" 
-,-{)'1, 

" -'-{)'2 
1864 2nd .. , " -1'7 .. -1'8 

'1866 4th 
" 5'"0 .. 1>-1 

5th .. 5"0 
" 5'1 

7th .. 
" ~"5 

" 4"7 
1870 17th 

" -0'1 
" 0'1 

18th 
" -0'1 

" o 1 
1871 21st 

" 0'6 .. "-0'6 
'1880 22nd .. .. -'0'2 .. '0'2 

23rd 
" -0'7 .. 0'7 

,1885 23rd .. 2'9 
" ~'9 

24th .. 2'7 .. J'7 
25th .. 2'7 .. 1'7 
26th , , 

" 2'5 
" 1'5 

!17th 
" 2'5 " .. ., t'5 

28th 2'5 
" ·1'5 

".' . 
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Year, Date, 
1888 21st For 2'9 read 1'9 

22nd 
" 

2'8 
" 

1 -8 
23rd 

" 
2-7 

" 
1-7 

24th 
" 

2-6 
" 

l-S 
25th " 2-5 

" 1-5 
26th 

" 
2-5 .. 1-5 

27th .. 2-4 .. 1-4 
28th " 2-4 

" 1-4 
29th ". 2'3 

" 
1-3 

1890 23rd .. 9'3 
" 0'3 

1892 17th 
" 

3-4 .. 0-4 
1902 28th " 0'1 

" -0-1 
1907 ,_ From 1st to 7th read all minus instead of plus_ 

Marek, 
Year_ Date_ 
1852 30th For 5'9 read ,-- 5.-7 
1858 18th .. " 

2-2 .. .. 3'2 
21st ; , .. 3-3 .. 3'2 
24th .. 3'4 .. 3'3 
25th .. 3'5 .. 3-4 
26th ... .. 3'7 " 3'5 
27th -, .. 4'0 " 

3'7 
29th .. " 2'2 .. 4-2 
30th .. .. 2'2 .. 4'2 

1860 11th .. 2'2 .. 2'3 
1862 ., 6th .. .. -0'5 .. -0'6 
1871 .. 21st .. .. 9'3 .. 0'3 
1875 17th .. .. 1'3 .. 2'3 

20th .. .. 3'6 .. 3'0 
1877 .. 4th , , .. 4'2 .. 4'3 

5th .. .. _ 4'3 .. 4-0 
1886 6th .. .. 1'2 .. 1-3 
1893 30th .. .. 5'8 .. 5'7 
1897 .. 9th .. .. 0'4 .. 0'3 

.April_ 
Year, Date, . 
1851 .. 30th .. For 7'3 read 7'2 
1856 .. 23rd .. 2'2 .. 3'2 

24th .. 2'2 .. 3'2 
25th " 

2'1 " 3'1 
1860 .. 20th " 

4'0 " '-I 
1862 8th .. " 

2'1 .. 2'/) 
1872 30th .. "6 " 

4-5 
1862 10th .. .. 6'6 " 

6-8 
May, 

Year, Date, 
1850 .. 2nd For 5'4 read . 5'3 
185S 5th " 

6'8 .. 3'S 
1859 .. 20th " 

7'9 .. 7'7 
1872 12th " 

5-4 " 
6'3 

1872 27th .. " 
6'7 .. 7'6 

1876 .. 2nd .. 7'2 .. 7'6 
18~ 28th " 8'" .. 10'7 
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June, 

Year, Date, 

1856 , , 26th , , For 8'5 read 8" 
1861 " 2nd. , , .. 8'2 .. 8'1 

Srd . , .. 8'4 .. 8'1 
1862 .. 21st .. .. 10'6 .. 10'5 

July, 

Year, Date, 

187:1 .. 17th .. For . 14'9 read 12'9 
1882 1st .. 1S'7 .. lS'O 
1885 25th .. " 14'6 .. 14'S 
1889 S1st .. .. 13'7 " lS'6 
1891 14th .. " 10'0 .. 11'0 
1895 Srd .. " 

14'2 , . 14'3 
1896 9th .. .. 12'7 .. 15'7 
1899 SOth .. .. 12'S .. IS'S 

S1st .. 12'0 .. 12'8 
1905 15th .. 15'0 .. 16'0 

16th 
" 16'9 .. 16'0 

18th .. .. 16'0 
" 

16'2 

.J.ugttBt, 

Year, Date, 

1850 SOth For 11'0 read 11'8 
1872 SOth .. 10'5 .. 10'9 
1884 18th .. .. 15'0 .. 15'4 
1900 29th 

" 12'2 .. lS'2 

Septembefo, 

Year, Date, 

1856 SOth .. JIor 8'7 read 7'7 
1859 20th .. " 7'7 .. 7'8 
1890 .. 21st " 7'0 .. 8'0 
1900 .. Srd " IS'S .. IS'S 

19th " lS'l " lS'4 

Ot:toberP 

Year, Date, 

1860 18th .. For 2'1 read 2'6 
1872 20th .. .. S'l .. 3'0 
1899 27th .. " 2'7 II 2'1 

N ovetnbefo, 

Year, Date, 

1884 SOth .. For l'S read, 1'9 
1889 25th ' . 3'5 II 2'5 

• 



Note to alXXJ'ln1lWflY" Table8 of.keig~!8 of the River Indu81m the 
Bukkur gauge /01' 60 year8 from 1848 to 1907." 

The Bukkur gauge was fixildin.Janua.ry 1848 by C!1optain Baker! .Bengal Engineers. In 
1858, its zero waa connected with the .G. T. S. bench marlt,at Mari, 3 ~i!es south of Sbikarpur 
and waa taken to be .183' 84 feet above Karachi mean ~~a level. The zero was checkl'd by 
G. T. S. levellerS and by the Indus River Commission staff in 1905, when it was ascertained . . . .. 
to be 184'44, which is now taken as the reduced level. 

The gauge is on an isla.nd between the to.wnB of Sukkur and Rohri, and is fixed in a well 
which has free communication with the River. 

The heights are given in feet to one decimal, instea.d.of in feet and.inches as in the former 

table. 

THO'S. SUMMERS, 

•• Superinten.fuJ.g Engineer, .. . 

Indus River Commission. 

Karachi, 7th .A,ugud 1907. 



Readings 0/ Bu1cku, GaflfJe lor January. 

Date. 1~.IIM9.11850.118S1.1185Z.Il853'I18M.11855-r856.11857 ·11858·11859·11880·118~~·1188Z ·11863·118M·118;~~ 1868.11867 ·1~~·11889·118;O·ll~1.11872·11813·1)874. f1876·11876.!1877 ·ll~8'11819'11880'I~881.11881.11I~8~.118M. 
I I I I' . •• E. 7. D. F. D. F. D. F. D.P. D. F. D. P. D.·F. D. F. D. F. D. F. D. P. D. F. D. F. D. F. D.b,.. ».\1'. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D.iF. D. F. D. F. D.1'. D. F. D. F. D. F. D. J'. D. P. D. F. D. i'. D. F. D. 

1 ,_ 0_ •• 1'2 1'1 1'8 l'S 0-7 0-2 0'$ O'S 1'8 l'S 2'1 O'2~'7 0'2 0'51=1'0 1'2 4'7 O'7~'1 0-2 0-7 -O'8~:7--o'8 0'7 1'2 l'e l'S &'6 Z'4 0", 0'1 0'2 2-1 S'S 
51.. •. •• 1'2 1'2 1'1 loS 0-7 0-2 0'8 0'7 I" l'S 2'1. 0'2--0'7 0'2 O-D-1'1 o·g 4'3 0'7-0'1 0'20'8 H:9-O'7 '80'7 1'2 1-$ 1'8 8'2 2'4 0', 0-1 0'2 2'1 1'1 
a ,. '.. •• 1'2 1'2 1'7 1'8 0'7 0'2 0'4 0'7 l'S 1'8 2'1 0'2-0'8 0'2 0'51-~'1 0'7 88 0'7-0'2 D'! 0'9 1-i.:9-O'6B:7 0'6 1'1 1'6 1'7 U'8 2'S 0'4 0'1 D'! 2'0 1'1' 
, " , .• , " 1'2 I'! 1'1 1'2 0'7 0'2 0'" 0'6 l'S 1'8 2'1 0-2-0'9 0-2 0"1-1'2 0'8 S'S 0'8-0'2 0''2 o·g r..g~:8R:7 0'5 I'D 1'6 1'7 10'7 2'2 0'4 0'2 0'2 Z'O S'l 
i-.. .... ., 1'1 1'2 1'7 1'2 0'7 0'2 0-5 0'6 l'S 1'8 2'0 0'2-0-7 0-2 0-"I-!'2 0'5 S'l 0'6-0'2 0'2 0'9 ~~·o '5-O'S 0'4 1'0 1'6 1'7 9'9 2'S 0'4 0'2 D'S Z'O z·o 
,. OJ ,-., ., 1'1 1'2 1'7 1'2 0'6 0'2 0'6 0'7 1'2 1'8 2'1 0'2-0'7 0'2 0-41-~'Z 0" z·g 0'5-0'2 0'20'91-1'0 '5 0'80-' o,g s·o 1'7 9'2; 2-2 0 .. O·S 0'1 1'8 1'0 
, ,. .... .. 1'1 1'2 1'1 O'S 0'5 0'2 0'6 0'7 1'2 I'S 2'1 0-2--0'8 0'1 O'S-~'2 O'S 2'8 0'5-0'2 0-2 O'g -1.0......().5~:8 0" 0'9 2'0 1'8 8'2 2'1 0', 0'2 0'1 1'9 Z'O 
8 ,. .... .. 1'0' 1'1 1'7 0'$ 0'6 0'2 0'6 0-6 1'2 1'8 2'0 0-2-0-8 0'0 0'3-1'2 0'2 2'S 0'5-0'2 0'2 O'g -!·o '4 'S o·g ~'S 2'9 1'6 7'8 2'1 0'5 ~'S 0'1 1-U .'0 
".. .. •• 1'0 1'1 2'0 0'5 O'S 0-2 0'$ 0'$ 1'2 1'8 2'0 0'1--0'8 0'0 0'2-~'! 0'22'7 0'4-0-2 0'20'7 -9 ., -S 1'7 O'S 2'9 1'6 7'1 2'1 0'5 ~'S 0'1 1'9 1'9 

10· .. ,-.. .. 1'0 1'1 S'I 0'5 0'4 0'2 0'6 0'$ 1'2 I'S 2'0 0'1~'7~ -I 0'2-!'! D'22'8 0-2-0'2 0'2 0'7 ~:g~~, 'S 1'7 O'S 2'7 1'5 6'7 2'1 0-8 ~'S C'1 1'9 19 
n " ",_ .. 1'1 1'1 S'8 0'4 0" 0'2 0'4 0'0 1'2 I'S Z'O 0'O--O'7~ -2 O'2-~'l 0'1 Z'8 0'1-0'2 0-2 0'7 ,g~,.Lia,s 1-5 0'7 2'5 1'5 8'8 2'2 0'$ 0'3 0'1 1'9 1'9 
12 .. -.. .. 1'0 I'D "6 0" 0'4 0'2 0'4 0'5 1'2 l'S Z'O ~0:'O-O'71--< -2 0'2-1'0 0'0 2'5 0'0-0'2 0'2 0'7 '9-O-3 1.-O'8 1'2 0'7 2-3 1'$ 0'2 2'1 0'6 0'4 0'0 19 1'0 
1S .. -.. •• 1'0 1'0 ,-g' 0'4 0-' 0'2 0-, 0'$ 1'2 1'7 Z'O 'l-o'Sf-l -2 O'I-!'O 0'0 Z'6 0'0-0-3 0'2 0'8 'g~'2--o-S O'g 0'7 2'2 1'5 5'9 2'1 0'5 0" 0'0 1'9 1'0 
14 .. '.. ,. 1'0 I'D "2 0" 0'5 0'2 0', 0-4 1'2 1'7 2'1 'l-O'S~'2 0'1-1'1 D'O 2'8 0'0-0'3 0'1 0'6 .g 0'1 0-20'7 0'7 2'2 1'3 S'7 2'1 0'5 0'4 0-0 19 1'0 

,... •• •• ,'0 "0 0'0 0'0 0'0 0'2 , .•• 0" ,'0 "8 0', ·,-0'7-0'0 o·o-~'oH:' 0'7 -0·,-0'0-0" 0" g:. 0" 0" 0'7 0" 2" "0 "0 0" 0'0 0" 0'0 , .• , .• 
15.. .. •• 1'0 1'0 4'2 0', 0'4 0'2 0'8 0-5 1'2 1'7 2'1 '1-O'SI--<'2 0'1-1'2 D'O 2'7 0'0-0 S 0'00'5 ,& 0'2 0'4 0'7 0'7 2'1 l'S 5'8 2'1 0'4 05 0'0 1'9 1'9 

IS.. .. .. 1'1 1'1 3'3 0'5 0'4 0'2 1'2 0'4 1'2 1'S 2'2 'l-O'S-O'2 0'0-!'3 '22'7 --0'2 0'1-0'20'4 -0'9 0'2 0'1 0'6 0'7 2'7 1'4 5'0 1'9 0'4 0'7 0'0 I'S l'S 
17.. .. .. I'D 1'1 S'6 0'$ 0" 0'2 I', 0'. 1'2 l'S 2'2 -O'I-O'S-O'2 O'O-1'2~--o:'2 2'1 --0'2 0'0~'2 0'4 -0'& 0'3 0'20'7 0'7 2'S 1 S 5'2 2'0 0'4 ~'S 0'0 1'9 1'9 

1i.. .. .. 1'2 l'S S· ... 0'5 0'4 0'2 1'2 0'5 1'2 1'7 2'2 ~:l-O'S~.2-O'1_!'S '22'7 -0-2 C'l--o'2 0'4 -I'D 0'1--0'1 0'5 0'7 3'0 1'9 '9 1-9 O'S 0'7 0'2 l'S 1'7 
20 ... '.. .. I'D 2" 3''1 0'5 0'6 O'Z 1'2 0'8 l'S 1'8 2'8 0'0-6'8 '2 '2-1" '2 2'7 --0'2 0'0-0'2 0'3 -~'I 'I '2 0" 0'7 3'0 2'ft 4'8 1'8 D'S 0'7 0'2" 1'8 1'7 
21 .. '.. .. 1'0 2" 3''1 0'5 0'8 0'2 1'1 0'8 1'5 1'9 2'7 0'1-0'8 '213:2-1'$-6'2 2-0 -O'l 0'0-0-2 0'3 -1'1::::g:2~:' 0'4 0'0 2-S 2'7 "7 1'7 O'S 0'7 0'2 l'B 1'7 
22 •• '.. .. 1'2 2'4 S'S 0'5 0'8 0'2 O'g 0'0 1-5 1-9 S'l 0'2-1'0 '2~:2-1'5:::-ot 225 00 0'0-0'2 ')'S -!'t--o'2-o'5 0" 0'15 2'7 2'5 ... ·8 1'7 tJ'2 0'7 0'7 l'S l'r 
t.II .. '.. •• 1'5 2-3 3'2 0'5 0'5 0'2 0'8 0'8 I" 1'9 3'2 0-1-0'8-0-2 '2-1'6 '22'S 0'0 0-0-0'2 0'2 -!'l-o'2~:6 0'2 0 fi 2'5 2-~ "8 1'7 0'2 0'7 1'1 I'S 1'7 
21 .. '.. .. 1'7 2'2 3-2 0'6 0'5 0'2 0'7 0'7 1'5 l'S S'I 0'0-1'0 '2 -2!-!'8 '2 2·a 0'1 0'0-02 0'2 -!'2--o~2 '7 0'2 0'5 2'8 22: "8 1'0 0'1 0'7 1 S 18 17 
~.. '.. .. l'S 2'0 S'2 0'4 0'5 o·s 0'7 0-8 1'7 1'7 3'0 0'0-1'0- -2-O'2-I'O~':) 22 0'1 0'0-0-2 0-2 -1'2-0"-0'7 0'2 0'8 3-6 2'2 "5 1'7 0'1 0'7 1'4, 18 1'7 
28.. .. 0'8 1'8 l'S 3'0 0'4 0'5 0" 0'5 0'8 1'7 1'7 2'9 0·0-0·& ....... ·2~-2-1·0~·~ 2'S 0'0-0'11:-0''2; 0'1 I-~ 2--0'4-0'00'2 0'0 S-7 2'2 .t·iI 1'0 0'0 0'7 I" l'S 1'7 
27.. .. 0'6 2'0 1'4 2'7 0'4 0'4 0'5 0-, 0'7 _l'S 1'7 2'88-0:'1-1'0 '2-0'2-1'81'"""1:3 2'3 0'0--0'3--0'2 0'1 !-~·8-o-4......n'7 0'1 0'8 S'4 2''! 4'S 1'7 0'0 0'7 1'3 I'll 1'7' 
2,.. .. 0-0 '-0 1'7 2'$ 0'4 0'4 0'5 0-, 0-7 1'8 1'7 2'8 '2-O'9~ '2-O'2-1'6~'2 i:-~ \J'O-Q'S-O'2 0'1 -1'3--o'4~'j 0'" 0'5 3'2 2" "2 18 0'0 0'1 l'S 18 1'7 
:tV,. .. 0'8 4'8 1'6 2'5 0'5 0" 0" 0'2 0'7 I-S 1'7 2-7 -0'2 -O'S 0'0-0'2 -1'0 -0'1 2-3 0'0 ~'3 -0'2 0'2 -1-4; -o·s ~'7 1'4 0'5 S-2 !'7 01-2 ,'6 0'0 0'1 1'2 1'8 1'7 
so '. ,. 0'6 S'7 I" 2'2 0'5 o-s 0'3 0-2 0'8 l'S 1'7 2'7 0'1--0'7 O'2~:2-1'7 Coo 23 0'1-0'4.-0-2 0'2 -1'4-0'5--0 '1 1'7 0', 3'2 2'7 4'2 }'O 0'0 0'" 1'1 2'0- I" 
81.. .. 0'6 2'8 1" 2" 0" O'S 0'2 0'1 0'8 1'7 2'2_ 2'0 1'2-0'7 0'2-0'2-1-7 0') 2'S 0'1-0'4-0'2 O-S ~'Ii--o'.-o-8 1'7 0', S'l 2'5 '-2 1'0 0'0 O'S 1.0 2-0 1'7 

,hel'llff1!8 .. 0.; '}.5 "}.;" 2-D 0:0 'iJ.5 Q.2 0-6 0-0,1-4178 2-4 Tt..:::o:s~1 ""0-1,-1'3 0-'i.2'7 o;~l-O'O Q.6 -=1-01=0;-0'5 0T.1 0-7 ""2-5-1:; '6:t 7o'~ 0:& Q.5 -':0' M .... 

~te, :. 

1 
I ,:', 
8' . ,. 
6 • 7- .. 
8" ... 

10-' •• n .... 
12 ' .. 
18" .. 
1' .... 
15" " 
18- -.. 
17' • 
'8' ,. .. 
21 .. .. ... .. 
16 .. 
27 .. .. 
80 
ft' 

4"~(I'e. 

• Co> ..... 
,188S .11888,11887 ,11888,/1S:9.11800 .11S91.11892~11S931189"'F;;5·11890·11S&7 . 11898,llS99'11900'll001, 11002,11903,11&0" ·11&05·11I}0~'11907 ·IUIOS'11900·11910'11911-·rI912'1191S,11914,!1&15,lt916,ll917 _IUn8'11910~!~920'11921' 
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7'1 0'7 2'1 8 g 0'6 1'7 2-6 0-2 1'2 2'1 Z'g 2'5 0" "':"1'1-:0'4 0'0-0'82'2 Z'g O'Z' 0'6 0'1 O'S o-s O'S -O'g 1'2. 1'7 2'7 5'5 6'7 1'7 0'9 I'S Z'S Z'O 2'2 
0'7 0-7 2'1 S'S 0'7 1'7 2'4 0'2 1'2 Z'O S'O 2'6 0'4 _1'0-0'4-0'1-0-7 2'2 Z'g 0'1 1'0 0'2 0'2 2'2 O'S -0'0 1'2 1'7 Z'8 6'6 6'S 1'6 0'7 1'2 2'8 2'1 2'2 
6'1 0'8 2'1 S'S 0'7 1'7 2'S 0-2 1'2 Z'O Z,g 2'9 0'6 _1'2--0'4-0'1-0'7 S'2 2'9 0'1 '2'6 0-2 0'2 2'7 O'S -0'9 1'2 1'8 2'4 4'9 S'2 1'0 0'7 1'2 2'S 2-' 2'2 
.,g 0'0 1'9 S'7 O'g 1'7 2'2 0'2 1"2 Z'O 2"8 S'1 1'0 _1'1-0'5--0'2--0'1 S'S 2'9 0'02'$ 0'2 0'2 2'9 0'3 -O.g 1'1 1'0 2'4 4'S to'2 1'0 0'0 1'1 2'2 2'7 S'2 
"0 0'7 1'0 3'8 2'7 1'7 2'2 0'2 1'2 1'9 2'7 5'2 3'0 _1'2-0'5-0'2-0'7 3'0 2'8 0'02'4 O'S 0'2 2'1 O'S -O.g 1'1 1'8 2'S 4'0 9'7 1'0 0'8 0'0 2'2 2'7 B'S 
S'O 0'7 1'8 4'0 2'6 1'7 2'2 0'1 1'2 2'0 2'7 6'2 S'4 -1'3-0'0-0'3--0'7 3'S 2'7 0'0 2'2 0'5 0'2 2" 0'2 -0'8 1'1 2'2 2'3 S'S s·, 1'0 0'5 0'1 )!'O a'7 2'2 
S'S 0'7 1'0 4'0 4'2 1'8 2'2 0'0 1'2 2'0 2'6 6'8 S'2 -1'3-0'0 '9--0'7 S'7 2'7 0'0 1'8 0'1 0'2 1'0 O'S -0'8 1'0 2'S 2'S S'S 1'7 1'0 0" O'S l'g, 2'1 2'2 
S'2 O'S 1'8 S'O ..... I'S 2'1 0'0 1'2 2'0 2'0 5'S 2'8 _1'2-0'5--0'4-0'7 15'7 2'7 0'0 1'7 O'S 0'2 1'7 0'0 -0'1 1'1 2'3 2'2 S'8 7'4 1'0 0" 0" 1'7 2'0 2'B 
S'1 0'0 I'S 4'0 5'0 1'1 2'2 0'0 1'2 2'0 2',6 4'5 2'7 _I'S---O'6-O'4-O'7 7'2 2'7 0'0 1'6 0'8 0'2 1'0 1'2 -0'6 1'1 2'2 2'2 S'8 7'2 1'0 0" 0'6 1'7 2'6 2'2 
S'O 1'0 1'0 ,-0 ... ·6 1'7 2'3 0'0 1'3 1'0 2'7 4'2 2'4 _1'2-0'5-0'4-0'0 7'1 2'7 0'0 I'S 0'7 0'1 1'4 1'8 -0'5 1'1 2'0 2'2 3'8 8'S I'" 0'0 0'0 1'7 2'6 2'2 
2'9 1'1 1'0 4'2 "'2 1'7 2'8 0'1 1'4 2'0 3'0 4'0 2'3 _l'3-O·.--O·4-O·g 1'3 2'S -0'1 1'4 0'6 0'1 1'2 1'9 -0" 1'0 1'0 2-S S'7 0'5 1'6 0'6 0'7 1'6 2'6 2'2 
2'0 1'1 1'8 "2 3'7 1'7 S'1 0'2 1'6 2'1 S'2 3'9 2'2 _1'4--0'4--0'6_1'0 6'5 S'4 -0'2 1'0 S'S 0'1 1'1 1'0 -O'S 1'0 1'7 2" S'7 O'S 1'0 0'6 O'S 1'6 2'4 2'6 
2'8 1'2 1-8 ,-23'S 1-7 4'5 0'2 1'6 2'1 s'2 S'S 2'2 -1'8-0'4--0'5-1'1 5'5 4" ---0'2.1'6 4'5 0'1 0'9 }-'7 ~'3 1'0 1'6 2'5 S'7 6'S 1:7 0'6 1'6 1"_ 2" 2'7 
2'S 1'2 1'8 ,'2 S'O 1'7 ,·s 0'0 1'6 2'1 S'2 S'" Z·O -1'S--O 6-0"-1'2 S'I "0 -0'2 1'7 4'1 0'2 0'0 1'7 -0" 1'0 1'0 2'7 3'7 15'2 2'0 0'0 2'0 I" 2" S'S 
2'0 l'S l'S 4'2 S'O 1'7 "0 2'5 1'7 2'0 S'2 S'7 2'0 _l'2---O'0~'3_1'2 "1 6'0 --0'2 1'1 S'2 0'2 O'S 1'7 -0'0 1'7 1'6 2'S S'7 0'2 2'1 0'0 2'1 1'0 Z" 2'S 
2'S l'S 1'7 "S 2'0 1'1 "0 2'2 1'7 2'0 S'2 S'1 2'0 _1'1-0'0-0'3_1'8 6'S 0'1 'I 1'7 S'2 0'2 0'1 1'7 -0'5 S-2 1'7 S'1 S'7 0'1 2'1 0'0 2'2 1'7 2" 2'S 
2'S l'S 1'7 ,'2 2'S 1'7 S'8 1'8 1'1 2'0 S'S S'O 2'0 _1'I-O'o-O'2_1'S 7'7 O'S -0'1 1'7 S'2 0'2 0'0 1'0 -0'5 S'6 2'S 3'2 S'S '0'1 2'1 0'0 I'S 1'7 2" S'O 
2'7 1'8 1'0 "S 2'2 1'1 3'8 1'1 1'1 2'0 3'2 3'S 1'9 -1'1--0'6-0'2-1'4 7'2 6_'S -0'1 1'7 S'2 0'2 0'0 1'8 -0'0 S'S 2'S S'O S'O 0'2 2'0 0'0 1'1 l'S 2'6 S'2 
2'7 I'S 1'0 4" 2" 1'7 S'7 I'S 1'7 2'0 S'S 4'2 1'9 _1'1---0'5 0'0-1" 6'7 6'2 0'0 I'S S'1 0'2 0'4 1'0 -0'15 S'1 S'O "S 40'S 0" 1'0 0'0 1'6 l'S 2'7 S'S 
2''1 l'S 1'0 0'8 2'5 1'7 $'7 1'0 1'7 1'0 s'2 4'8 1'8 -1'1-0'0 O'S_I" 5'5 0'2 0'0 Z'O S'O 0'2 0" 1'4 -0''1 2'0 8'0 "0 "7 8'6 1'9 0'8 1'6 1'9 2'" 8'2 
2'15 l'S 1'0 8'S S'2 I'S S'S 1'7 1'7 I'S S'2 "I 1'1 -1'2-0'0 O'O_I'S 6'1 0'0 0'0 2'1 0'1 0'2 o·s l'S -0'7 2'7 2'9 "1 0'1 0'0 1'8 0"7 1'4 1'0 2'8 S'Z 
S'G 1'8 1'9 0'2 S'S 1'9 4'2 1'7 I'S 1'8 S'S S'g 1'15 -1'2-0'8 1'2-1'4 "S ,·s 0'02'2 1'15 0'2 o·s l'S -0'7 2'7 2'1 ,., 0'0 7'0 I'S 0'7 I'S 1'9 2'S S'S 
4'S 2'2 1'0 5'0 "0 1'9 4" 1'7 2'0 1'9 S'S 8'S 1'0 -1'2-0'2 _1'6-1'2 "1 ,·s 0'02'2 1'2 0'3 0'2 2'2 -0'15 2'6 2'7 4'S 0'0 7'0 2'0 0'9 I'S 1·g- 2'7 4'0 
4'S Z'8 2'1 0'2 "0 2'S 4'S 1-0 2'1 1'9 3'S S'7 1-0 -1'2 0'0 1'5-1'1 "7 0'2 0'02'2 6'2 0" 0'2' 3'3 -0'7 2'S 2-7 4'0 0'2 7'7 2'2 1'0 I'S 1'8 2'7 "S 
8'9 2-7 2'1 ,'0 S'O 2'4 "2 1'7 2'1 2'0 S'4 S'7 1'15 -I'S 0'0 I'S_l'O ,,' 6'6 0'0 2'0 0'2 0'8 0'0 S'O -0'4 2'2 S'7 4'0 0'8 7'7 2'7 1'2 I" I'S S'7 0'1 
8'6 2'15 .'2 5'1 t'2 z'5 .-2 1'7 2'2 2'0 3'5 8'0 S'2 -1'S 0'0 1'2-0'8 "S 5'0 -0'1 1'0 "0 O'S 0'·0 S'4 -0'2 2'2 2'7 S'8 0'2 7'7 S'O 1'0 1.' l'S 2'7 0'0 
S'2 2'5 2'2 6'8 "4 2'4 "J I'S 2'2 2'0 S'7 S" S'1 _I'S 0'2 1'2-0'7 "2 8'7 0'0 1'0 ,'g 0'2 O'S S'S 0'2 2'1 2'S S'7 0'2 7'0 S'I 1'0 1'4 l'S 2'7 4'8 
S'l 2', 2'2 15'2 6"7 2'S "II'S 2'2 2'0 "0 S'S S,g -l'S 0'6 1·1....>...Q·S "0 S'1 0'1 1'9 O'g 0'2 0'6 3'1 0'22"2 2'7 S'7 0'6 7', S'O 1'1 1'8 1'8 2'0' "'8 
8'0 2" 2-2 6'1 0'7 2'2 "2 1'7 2'& 2'1 4'2 3'S 3'8 -1'2 1'1 1'1-0'1 "0 7'S 0'2 I'S 0'2 0'2 0'7 S'1 0'22'2 2'7 8'7 1'2 7', 2'7 l'S 1'2 2'S 2'0 4'6 
S'O 2'S 2'2 0'0 6'7 2-2 ,'S 1'7 2'4 2'1 "2 S'S -S'7 -1'2 1'2 1'0 0'2 "I 0'6 O'S 2'2 9'6 0" 0'0 S'O 0'22'1 2'7 S'1 0'8 7'S 2'7 1'0 1'2 2'S 2'S '" 
S'O 2" 2'S 6'0 6'2 S'2 'II" 1'7 2" 2'2 4'0 S'S S'4 -1'0 1'2 0'0 0'1 S'9 6'S 0" s·, 0" 0" 0'6 S'O 0'7 2'0 2'6 3'S 6', S'2 2'6 2'1 1'2 S'S Z'O 4'2 
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F. D, F, D, p, D, F, D, F, n.lp, D.1F. D"IF' D. F. D. F. D. F. D. F, D, F, D, F, D, F, D, F, D, F, D, F, D, F, D. F, D, F, D, F, D. F. D. F, D, F, D, F, D,l!', D, F, D, F, D, F. D, p, D, F. D, F, D, F, D, F, D,IF, D,IF, D 
I'" 1'6 2'2 1'2 0'0 0'2 I 4'0 O'S S'1 4'S I" 0'0 0'2 2'1 -0'3--0'6 2'7 -0'1 1'2 1'6 1'3 0'0 3'1 -1'5-2 S l'S 1'0 2'0 I'S 2'g S'I -O'S-O'2-O'l 1'0 
I'S 1'7 2'2 1'2 0'0 0'2 "7 0"3 5'2 "1 1'0 0'0 0'2 1'7 -0'3-0'6 2'0 -0'1 I'Z l'S 1'2 5'2 S'2 -1'5-2'2 1'1 1'9 2'0 I'S 2'S Z'g -0'7-0'2-0'1 1'0 
I'S 1'0 2'2 1'1 8''7 0'2 "7 e'2 6'S S'g 1'0 0'0 0'2 1'6 -O'S-o'5 2'5 -0'1 1'2 I'S 1'2 "S 2'S -1'5-0" 1'0 1'0 1'0 I" 2'7 2'S -0'1-0'2-0'2 l'S 
1'2, I" 2'S 1'1 7'9 0'2' "1 0'2 5'2 S'S 1'5 -0'1 0'2 1'0 -0·,-0'0 2'4 -0'1 1'1 I'S I'S "72'S -1'6 0"0 0'0 1'9 1'9 I" g'6 2'1 '7-O'S-O'2 1'1 
1'2 l'S 2" 1'1 7"2 0'2 4'7 0'2 4'S 3'7 1" -0'2 0'2 l'S -0'5-0'0 2" -0'2 1'1 1'7 l'S 4'6 2'2 -1'6 O'S O'S 1'9 l'g 1'6 2'8 2'0 -0'7-0'3-0'3 1'6 
1'2 1'8 2" ,1'2 6'S 0"2 "7 0'2 4'7 S'6 I" -0'2 0'1 1'2 -0'0-0'8 2'4 -0'2 1'0 1'6 1'4 40'S 2'0 1'5 0'5 O'S 1'9 2'0 2'2 2'6 2'6 -o'7--O'3-O'S 1'6 
1'2 1" 2'0 1'2 5'7 0'2 "7 0'2 "7 3-4 I" -0'2 0'0 1'0 -0'1--0'8 2'5 -0'2 1'0 1'7 I'S "0 1'8 -1'6 0'5 O'S 2'0 2'2 2'5 2'7 2'5 -0'6--0'3-0'3 I" 
1'2 1" Z'O 1"2 6'6 0'2 O'S 0'2 "7 S'2 I" 0'0 0'0 O'S -O'S--O'7 2" -0'2 1'0 1'1 I" S'S 1'0 -1'0 0"5 O·g 2'0 2'3 2'7 2'1 2'6 -0'7-0'3-0'3 1'3 
1'2 1'6 2'1 1'2 0'2 0'2 0'0 0'2 "5 S'S 1'0 0'2 O'S 0'1 -0'0-0'1 2'8 -o'S 1'0 1'8 I'S S'6 1'8 -1'0 O'S 1'0 2"1 2'S 2'7 2'0 2'5 -0'8-0'4-0'3 1'2 
1'1 1'0 2'7 1'2 "7 0'2 0'7 0'2 '·S 6'0 1'5 0-' 0'5 0'0 -0-0-0'7 2'2 -O'S 1'0 2'0 I'S S'6 I'S -1'8 0" 1'1 2'2 2'S 2'7 2'& 2'0 -o'8-O'S-O'S 1'1 
I'll'S Z'O 1'2 "8 0'2 5'7 0'1 4'1 15'7 1'0 0'8 0'8 0'5 -1'0-0'7 2'1 -0'3 1'1 3" I" 3'5 1'0 -1'0 O'S 1'2 2" 2'S 2'15 2'S 2'6 -O'S-o'4-O'3 1'0 
1'1 2'2 S'S 1'6 ,,' "2 5'8 0'1 S'8 7'0 1'7 0'8 0'7 0" -1'0-0'6 2'1 -0'3 1'1 6'9 1'6 S'5 l'U -1'6 0'3 1'2 2'5 2'3 2'4 2'8 2'S -0'8-0'5-0'8 O·g 
1'1 2'2 S'O 1'6 "2 0'1 0" 0'1 3'7 6'S 1'7 0'0 0'7 O'S -1'0-0'5 2'S -0" 1"0 7'2 1'7 3'5 2'0 -1'0 0'2 1'2 2'5 2'2 2" 2'2 2'5 '8-0'5-0'2 0'8 
1'1 2'2 S'8 1'0 ,'2 0'1 5'S 0'1 S'7 6'0 1'7 0'4 0'8 O'S -1'1-0'5 2'2 -0'4 1'1 6'4 1'9 S" 2'2 -1'6 0'1 1'2 2'1 2'1 2'5 2'1 2'6 -0'8-0'0 0'1 0'8 
1'2 2'2 S"7 1'0 "2 0'1 0'2 0'1 S'7 0'2 1'7 0" 0'8 O'S -1'1-0'0 2'2 -0" 1'1 0'0 1'0 S'4 2'1 -1'5 0'01'2 2'9 2'1 2'7 2'1 2" -0'0-0'6 0'1 0'0 
1'2 2'1 S'7 1'15 "S 0'1 5'1 O'S S'S "1 I'S 0" O'S O'S -l'I-o'S 2'4 -0" I'S "0 I'S S" 2'1 -1'5 0'0 1'0 S'S 2'1 2'S 2'2 2" -0'0-0'0 0'1 1'1 
1'8 2'0 8'0 1'0 "2 0'1 5'0 0'& "2 "5 1'0 0'5 O'S 0'3 -1'2-0'5 2'1 -0'5 I" "0 l'S S·, 2'6 -1'0 0'1 1'0 7'5 Z'O 2'S 2'2 2" -1'0-0'8 0'1 1'1 
1'3 2'0 S" I" "2 0'1 "S 0'6 "4 "S 2'0 0" O'S 0'2 -1'2--0'5 S'1 -0'5 1'6 "1 l'S S·, "0 ......:1·6 0'2 O'g 8'0 1'0 2'8 2'2 2'S -1'0-0'0 0'1 1'2 
1'4 2'1 S" I'S "2 0'0 "7 0'1 4'2 '"2 2'2 0'50'S 0'2 -1'2-0'6 S'2 -0'5 1'7 "g 1'8 S'S "9 -1'8 0" 0'9 S'O 1'9 2'8 2'8 "'0 -1'0-0'6 0-1 1'2! 
1'6 2'S S'S 1'6 "S 0'1 "1 0'7 3'0 "2 2'6 O'60'S 0'0 -1'2-0'5 S'S -0'6 I'S "9 1'0 S'S "6 -1'0 0" 0:9 8'6 I'S 2'7 2" 6'0 -1'0-0'0 0'0 2'O~ 
1'6 2'S S'O 1'6 ,·S 0'1 "7 0'6 S'8 "2 S'7 0'7 1'1 0'0 -1'1-0'6 S'S -0'6 1'1 '·S 2'1 S'2 "'1'-1'1 0'4 O'S S'2 I'S 2'S Z'6 6'2 -0'0-0'1 ,0'0 2'3 
1'0 2'1 S'6 I'S "3 0'2 "7 0'0 3'8 "1 "20'S 1" 0'0 -1'1-0'6 S" -0'6 1'8 "0 2" S'1 S'O -1'1 O'S O-'S 10'6 1'7 S'O 2'6 6'2 --0'0-0'7 0'1 2'5 
1'7 1'0 S" 1'7 ,'S 0'2 "7 0'6 S'7 S'S 4,' 1'0 1'7 0'1 -1'1--0'7 S'7 -0'6 Z'O "0 2'5 S'2 S'2 ....,...1'1 O'S 0'7 11'0 1'7 3'1 S'2 5'0 -0'0-0'7 S'O 2'0 
1'7 8'0 S'6 1'7 41'S 0'1 0'1 0'0 S'1 8'1 "2 1'2 1'7 0'1 --0'0-0'1 S'S -0'6 a'4 0'0 2'0 S·, S·O -1'7 O'S 0'7 0'0 1'7 S'I 3'S 4'7 --0'0-0'7 3'6 Z'O 
1'7 8'1 3'6 1'1 f'6 0'1 6'8 0'7 3's s'7 4'2 1'3 1'7 2'3 -0'1---0'1 O'S -0'0 Z'9 6'1 Z'O S'O Z'9 -1'8 O'S 0'7 S'O 1'0 a'l S'2 4'5 -0'0 -0'7 S'4 2'7 
1'0 0'0 3'7 I'S "0 0'0 0'2 0'7 4'1 "'0 "21'S 1'8 2'S 0'8-0'7 S'O -0'6 S'2 6'1 2'6 3'0 2'8 -I'R 0'2 0'0 7'0 1'6 S'I S'2 4" -O'S-O'O S'l 2'S 
2'0 6'S 3'1 I'S S'7 0'0 0'2 0'1 4'1 4'2 S'O I'S 1'9 2'0 0'8-0'1 S'O -0'0 S'S IS'O 2'5 S'S 2'& -1'0 0'0 0'0 0'7 1"1 S'l 3'1 "S -O'S '7 6'J 2'S 
2'1 S'5 S'O l'S 6'1 0'0 15'0 0'7 S'5 '-2 S'7 I'S 2'0 2'8 0'0-0" 8" -0'0 3'S "9 2'5 S'O 2"S -1'0 0'0 0'7 0'0 1'7 S'I 3'0 40'S -O'S-O'7 8'2 2'1 
2'2 6" S'S l'S 5'6 0'0 1S'8 0'1 0'7 "2 S'6 1'2 2'1 2'2 0'0 0'2 S'S -0'0 S'2 "0 2'0 6'1 2'2 _1'0-0'1 1'2 5'~ 1'7 2'9 8'0 "'l! 'S '7 7'5 "7 
2'2 S'" S'4 1'8 &'0 0'0 0'7 O'S 6'7 4'1 0'1 1'2 2'1 1'0 1'0 I'S 3'S -0'4 3'2 4'S S'I O'S 2'1 -2'0-0'2 2'0 0'2 1'0 2'9 S'2 4'0 -0'5-0'7 6'" 6'4 
2'3 S'2 S'3 1'7 6'6 0'0 0'7 0'0 6'& "0 S'2 1'2 2'2 1'1 0'9 2'08'S 0'0 S'2 "0 S'2 7'1 2" -2'0-0'1 2'2 5'0 1'0 2'9 S'4 4'0 0'1-0'7 "0 "I 

.. ~ a.o 'HM H 0:1 &:8 H H f.6 H 0.; }.O 1-0 ::0.6-0'52-9 -0" ;;- To 1'0 "I 2'8 -l'7!IM M (.0 1'0 N 2-1 H ':;:--s.:0:5 I'. 2'0' 

.... 
"" CoO 

~ 
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D .... fwa·ll~g·ll35O·I1851·11861·11868·118U·11855·1185e·11857 _11858.11859.11860.11881. 1862·IIS'811884 .11865.1181'0.11867. !1868j1809 .11870.11871.11872.11878 .1187i .11875. 1876.11877 ·ll~78·11879 .11880.11881.11882. ISB9·118M. 

F. D. F. D. F. D. F. D. F. D. r. D. r. D. F. D. 1'. D. F. D. 1'. D, I!'.D, F, D. F, D. F. D,11I'. D, F. D. Jr. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D. F. D. I!'.D. F. D. F. D. l!'. D. l!'. D. r.D. B'. D. , .. •. S'l .. , 2'" s·' e" , .. 
"S 1'7 .., ••• S'8 S'8 S'S -0'8 1'8 0'8 0'0 c·o ••• 0'6 C'l s·. 0'6 O'C "1 "5 0'0 0'. "0 6" ••• 0" 0'0 ,., c·o s·o • .. '0 S'! O'S Z·. s·' S'7 0'0 ,·s "7 O'S 0'8 S'1 8" S·' -0" 1'8 0'7 -0'1 C'O s·. 0'7 ,., ,., <l'. 0" s·, ,., 0'1 0'6 ,., 5'8 10'2 0" Z·' 0'. C'l s·, ,., 
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· 6'2 "7 "'0 7'., "'7 2'8 6'" "'1 S'l S'7 7'S S'S S'" 3'S 5'0 2'2 3'9 10" "'6 "2 "'0 "'20'S S'5 "'I 5'" 5'0 5'9 7'2 8'0 10'" S'7 "7 5',0 1)'0 7'" S'O 
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APPENDIX C.-

A Note by M,. A. A. Muato, .Executil!e Engin_. Oft the duign 01 jloryrs 01 
Wei" and Und~8Itiices. 

According to the theoretical (or rather empirical) roles for design laid down by Bligh 
the critical factor in the length of impmiiouB pavement, is the proportion required to 
withstand scour. 

It is found that the length of impenJious fioor necessary and sufficient to provide the 
required hydraulic gradient, or length of creep, does not necessarily according to Bligh'sl'jl\e 
give sufficient length of impmiiouB masonry to withstand scour~ The undersigned contends 
that provided the length of impmiiouB masonry is sufficient to provide a safe hydraulic 
gradient then scour can be provided against. beyond this point. by penno"" masonry. The 
disadvanage of giving an unnecessary length of im~viO"" masonry is that it necessitates 
'increasing also the thickness of the whole fioor. and also is a more expensive of construction 
in itseH. In view. however, o{ information and opinions collected duringhls recent tour in 
the Punjab. and also £rom the study of the section of the Esna Barrage in Egypt. which has 
bsen drawn out in English units the undersigned ventures respectfully to reopen the question. 

Turning first to the Esna Barrage cross section (Drawing No. (1), it will be seen thst the 
hydraulic gradient after taking full credit for puddle apron upstream and sheet piling below 
the structure is only 1 in 14' 2. This weir is founded on fine sand and depends entirely on 
the hydraulic gradient for its safety against undermining. 

The next point to notice is that the working head is 15' while the length of imperviow 
masonry provided downstream of the gates' is only 65, i.e., 4' 33 times the head. The design 
of the pervioUs talus beyond the pakka floor presents points of considerable interest. It 
originally consisted of a layer of stone pitching 61' t.hick and 127' long, and it appeara that 
the atones were rather small. ' 

After the first season's flood it was found that opposite the three bays on tlie west, a hole 
had been scoured in this stone pitching in the manner shown on the cross section. The form 
of the scoured hole is interes~g and instructive. It will be noticed that the solid end of pukka. 
masonry held firm and pllltected the pitching adjacent to it, so that a small portion of the 
original pitching was left against it. Scour then extended downstream moving out the light 
stone pitching, and shifting it further downstream. It actuslly piled sorne of this stone on 
the top of the end of the original stone and left it there, the remainder being evidently carried 
on down the scoured bed beyond the end of the talus. 

It appears, therefore, that the pitching stone, adjacent to the pukka floor, was not 
sufficiently large and heavy to resist displacement at that part, but at the end of the talils it 
was quite satisfactory. The only movement at the 6Xitreme end of the talus was of the small 
portion of the stone which projected above the scoured bed. of the river beyond. Such scour 
of the bed is certain to occur to a greater or less degree, and it would therefore appear wise to 
.Iope down the end of the talus 80 that it may conform more or lees to the slope which the bed 
beyond will eventually ~cour to. 

The upstream pitching also scoured slightly and it is probable. that by giving the surface 
of this pitching a slope leading up to the floor this 800ur could aIao have been prevented. 

The steps taken to repair this damage are also instructive. The scour hole was filled up 
with 1arge stone pitching to within ~. 4' of the floor level. It was originally proposed to cover 
this stone with S layers of cement ooncrete, in sacks, but. in two operimentsit was found 
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that the bags would not adhere to one another· and the proposal was finalIy abandoned. in 
favour of covering it with concrete blocks 5' x3' x2 . 3'. These were layed under water by 
divers. The pavement has given no trouble since, in three seaso.ns' working.' 

It appears, therefore, that all that W" lle0ll888ry. was' to provide sufficiently heavy 
blocks. to resist displacement, and these block~ 5' x 3' x 2' have been quite successful 
only 65' Irom the gates. . ' 

At Esna the sheet piles were tongued and gIooved, C. I. piles with the gaps grouted, but 
Willcooks aaya hi considers that .telll interlooking sheet pi!i.Pg would have been better. 

, In the Punjab the only weir where they have elliperienced any trouble with the concrete 
blocks is at Khankiand this is undoubtedly due to faulty design (Mr. Ward, Chief Engineer, 
aped with undersigned at to the cause of the trouble as did also the ElIieoutive Engineer 
.Mr. Middleton). The seQtion of the weir Is as shown below:-

,. 
.. 4 

WOODEN C"A""~ 

The first defect in the design appears to the undersigned, to be the change of gradient 
Uom 1 in 15 dOWfl. to'level. The effect of tIiiE. change of elope is that water rushing down the 
slope impinges obliquely on the horizontal talus. In the opinion of the undersigned a change 
of slope upwards should never be made against a flowing stream, i,f it can be avoided, but if 
absolutely necessary, 'then the floor at the point of change and for such distance downstream 
1Ultil the watet is again flowing p~allel to the bed, should be made of solid masonry. and loose 
blocks or stone pitching be never ~ted to affect the change of direction of flow of the 
current. At Khanki they not only have thilY change of direction, but the immedist~ point 
of change is composed of wooden crates filled with loose stones.' These stones are naturally 
washed out of the orates and water is then able to impinge directly on the up-etream face' 
of, and even below, the concrete blocks with .the inevitable result that they are washed out. 
They are actually lifted out and deposited Qfl top oj time Jurt~ dmm 1J)~e they remain 
unmoved. 

At Rlillul the ~ditioWl and design are euctly siulila r except that instead of these crates 
of 100.& atone. they have I/o lolid w&!l of we~. ,The Bolid top of thiB serves to deflect the Clll'

rent in a horizontal direction, and no trouble whatever is ~enced with ehifting of the con
crete blo~ks. The Qhviogs rem.edy I!ot KJumki is to replace the orates of stones by solid masonry. 

RASUL WEIR. 

EveQ. officer consuIted in ~he l'uiljab agreed that so long Iis.lenSth of oreep were provided 
Ot by D1&at18 Qf sufficient I~ngth of impervioua masonry, then scour beyond thiB pOint could 
be readi y combated with concrete blci~ks; 



APPEl'iDlX H. 

Report by Captain Townshend, R.E., Executive Engineer, attached Sukkur Barrng3 
Project District" 

Stone Quarries nea. Barrage Site. 

I returned this morning from Suklrur. During my vi~it Mr. Rochiram took me to 
see stone hills about 1 mile South-West of Amr. There I saW 

Note_The B Group Mmplc StonC1l from 
Aror wore taken frorq. the hllbldc along
sido this big block and wcr,o of CXo.cUy 
tho samo quality. 

large massOll of stone exposed, including a block which would 
yield a 7 ft. cube. I should judge the quality of it to be rather 
soft, but this can only be decided by tests. 

2. It would probably help to m,!-ke matters clearer if I briefly de.,cribe the geueral charac-

1'h('~c o.re 0.180 strntlfl('(l Vl"rt.lrlllly 80 
that blocks cannot be oht.alned larger 
t,hllD o.bont 15- cuba. Itl fact It Is 8 
IJllock of small blocks. 

teristics of the stoue hills of the neighbourhood. The upper. 
part, of the hills. are being stratified horizontally. The 
different strata are seldom more than 1 ft. to 1 ft. 3 in. thick 
and the quality of the stone varies considerably in them. 
(Group" A >0). 

Underneath this group of stratI! .there lies a softer rock B from which stoue can be cut 
up to any manageable size, say up to 10 ft. x10 ft. x5 ft. 

The whole of the above described formation can be seen at Rohri. At Aror and Kalka 
the appearance of the hills is the same. B cannot usually be See. owing to the masses of fallen 
rubble. (SuchmasseB of fallen rubble do not exist at Rohri when th.e demand for stone is great 
and quarries are in active work.) 

The samples of stone which have been received and tested by you are from Aror and 
Kalk&. «(houp ..4..) 

Such large stones &s &re required for voussoirs, etc., must come from B which at Rohri 
is st&ted to be softer th&n " A," 

The B stone &t Rohri appeared excellent. Very even and homogeneous_sily worked
good Colour. 

IwC!uld suggest your testing Rohri stone--Groups . ..4. and B and later perh&ps it might. 
be found advisable to test B stone at Aror and Kalka. 



APPENDIX 'I. 

TESTS FOR COMPRESSIVE STRENGTH 

OF 

KALl{A AND AROR LIMESTONE. 

Tests were made on Srd July 1918 by Messrs. Thorpe and Musto, Executive Engineers, 
at the North Western Railway Loco. Works, Karachi. A steel-yard testing machine giving 
pressures up to 12 tons 17 cwta. was used. All specimens tested were 2" cubes~ accurately sawn 
to size with an ordinary engineer's back-saw working through a special frame made to guide 
the saw vertically through two slots 2" a part. The two surlaces to be presscd were afterwards 
filed and scraped to an accurate bearing:on an iron surface-plate, and the two faces made 
exactly parallel. In the testing machine, the stone cube rested direct on a machined steel 

• 
block and the press head of the machine was also a machined steel block taking its thrust 
from a spherical head, thwr ensuring a true bearing on the test specimen. 

Two kinds of stone were tested, viz. :-

l. Specimens cut from a block of " A" Group average lime-stone from Aror Quarriee. 
Described as Aror " A "stone. Aror is about 5 miles from Rohri. 

/ 2. Specimens cut from a block of " A " Group lime-stone from Kalka Quarries. Des
cribed as Kalka" A "stone. Kalka is about 6 miles from Rohri. 

These stones are not obtainable in large blocks, but could be obtained up to l' xl' x l' 25' 
quite easily, and possibly larger with efficient methods of quarrying. 

Both stones are exceedingly fine grained, regular and compact. The stones .. re almost; 
milk white with" few lines of a black substance, probably mica. 

Both are entirely free from faults of any kind. 

The K8lke " A " stone is undoubtedly superior but the Aror " A " stone is also excellent. 
Kalka is 8 bout 1 mile further from Rohri than Aror which is only about 5 miles by road from 
Rohri. Both the places are about equidistant, viz., about 6 miles from the Barrage sire. 

In the case of .. 11 tests except No.' 4 Aror " A" stone, the pressure was applied steadily 
and gradually by traversing the moving weight along the steel-yard. In the case of No.4 
test, the pressure of 9 tons was applied suddenly by bringing the press head down on to _the 
specimen and suddenly lifted the steel-yard set to 9 tons weight. This is not a fiir ordinary 
test, as impact probably has considerable effect. This test is omitted when taking the average 
of compressive strengths. Mast of the specimens failed suddenly without any previous sign 
of stress, proving that the pressure was evenly applied. 

Arar " A " Slone. 

No.1 Specime'll.-Failed suddenly without any previous sign of failure at a pressure 
of 9 tons 17 cwta. 

No. 2 Specimen.-Showed a very fine crack with pressure of 12 tons 10 cwta. The 
~eight on the steel-yard was shifted to its maximum registering position at 12 
tons 17 cwts without any further sign of failure, and considerably greater 
pressure was then applied by the press helld screw to break the specimen. It. 
probably failed-at about 14 tons but this could not be read on the machine. 
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No. S Bpecimen.-One line straight crack appeared at 11 tons 15 cn. pressure, and 
the sample broke suddenly after sustaining the full registered pressure of the 
m:lchine, 12 tons 17 cn. for several seconds. The floating table of the machine 
was shaken by one of the attendants thereby putting flexure on the specimen 
and causing failure. 

No.4 Bpecimen.-This specimen had a load of 9 tons suddenly applied to it and 
failed. Not an ordinary test. 

No.5 Specimen.-Failed suddenly 'wit,hout any previous sign of failure at pressure 
of 11 tons 4 cn. 

No. 6 Specimen.-Failed SUddenly without previous sign of failure at pressure of 10 
tons5cn. 

A,or " A " Swne. 

Average oj above tests (omitting No.4). 

First sign oj Jailure. Destruction. 

No.1 9 tons 17 cwt. 9 tons 17 cwt. 

.. 2 12 .. 10 .. 14 .. 0 .. 

.. 3 11 .. 15 12 .. 17 .. 
.. 5 11 .. 4 .. 11 .. 4 .. ~ 

.. 6 lO .. 5 .. 10 .. 5 .. 
---.. I) 55 tons 11 cwt. 58 tons 3 ewt. 

A ",.rage per 4 
sq. inches 11'11 tons 11' 63 tons. 

o'r, per sq. inch. 2' 78 tons/sq. in. 2' 91 tons/sq. in. 

or, 6,267 Ibs./in'. 6,518 Ibs./in'. 

Kalka " A" Stone. 

No.1 Specimen.-This was tested up to the limit of the steel-yard machine, viz .• 
12 tons 17 cwts. without the slightest sign of distress. The specimen was then re
moved from the machine, and taken to a hydraulic press. The latter was a very 
rough machine and the pressing surfaces did not have true bearing on the specimen. 
Also the hydraulic pressure gauge was sticky and registered the pressure in jerks. 
so the result is not a satisfactory test, However, the stone finally crushed with a 
pres.ure of 19' 6 tons equivalent to 11,000 Ibs./in' with a good bearing and steady 
machine it will probably stand a much higher pressure. Further tests will be 
mude of this stone. 

Further tests made by Messrs. Musto and Gokhale, Executive Engineers, on the same 
steelyard testing machine at North-Western Railway Loco. Works, Karachi, on 22nd August 
1919. Test specimens prepared as before. Two samples of Aror "B" group (i.e., monolithio 
mass) stone were tested. ' 

Specimen No. I.-This failed suddenly without any previous sign of distress at a pres
sure of exactly 9 tons. 

Specimen No. 2.-This developed fine cracks at a pressure of 8 tons 4 cn. and atiel" 
standing a few mOn;len~ with that pressure, failed by sides falling away. The 
central column about I" square although crushed did not fall away and it was only 
when pressure was removed that the top and bottom prisms could be lifted clear 

• of one anotheI. These two prisms were not quite concentric seeming W show that 
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pressure was not quite evenly distributed. Tho first specimen aftor fnilum lelt 
an almost symmetrical prism. 

Average of two specimens-:17 ton~ 4 cm. 
2 

=8 to!lS 12 em. per 2" cube. 
=2 tons 3 em. per sq. inch. 
=4816Ibs./sq. inch. ' 

:. factor of safety with 316Ibs./in2 pressure. 

or for weakest sam pIe 

... factor of safety 

4816 
= -516 =15' 2. 

= 8 tons 4 cm. per 2" cube. 
=2 tons 1 ewt. per sq. inch. 
=4592Ibs./in.2 

4592 
= --_=14'5 

316 

The highest inte~sity of pressure estimated in any of the arches is 3is lbs./in • , so it is 
considered that the Aror " B "stone which gives a factor of safety of about 15 is amply strong 
enough, and will be II more suitable stone to use for this work than would the "A" group 
stones, as the latter cannot'be obtained in large blocks and it would be necessary to build the 
voussoirs in courses, if this stone were med. The" B" stone, on the other hand, is perfectly 
regular in quality and can be cut in any size blocks, so that the vou..soirs could be cut in one 
piece each, of full depth of arch. 

This would avoid many joints, which are usually a source of well.kness, and would pro
bably more than balance the extra strength of the" A" stone. 

Moreover, the" B " stone is much easier to work, and the single stone voussoirs would 
be more -expeditiously handled and laid, than would numerous small stones for courSed VOUl)

soirs. 

(Sd.) A. A. MUS'rO, 
Executive Engineer. 

Sukkllt Barrage Project District. 

• 

, 
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Further independent Tests of A and B group stones 'from Kalka, Aror and Rohri 
quarries .have been made by the Profeosol: of Civil Engineering, at the College of 
Science, Poona, and hie report ie attached. 

CRUSHING STRENGTH QF STONE. 

RESULTS 01' TESTS OARRIED OUT BY PROiE~soiic.GaAlfAM SMITH 01' THE COLiEaE OF 

ENGINEERING, POONA. 

(Vide LetI£r Nq. 2947, dated 22-12-1919 jr{)Tfl Princi~, (Jolleg,< of Rnflineermg, Poona). 

- 1 .. 

-- Aior A. Arcr B. . Rohri A. Rohri B. 'Kalka A . Kalka B. 
.. , 

I , , . ! • 

I 35,950* 17,570 71,080 20,360 47,350 11,700 ., 

j «,730* 16,710 45,990 '21,330 62,310' . 14,990 

42,280* 13,870 53,280 · '26,080 36,640' . 13,380 I 

62,440 23,250 60,230 · '19,860 52,700 19,89~ 

.' 

69,990 17,580 46,630 · '11,580 38,570 . 18,590 

79,900 . 17,060 54,460 · '19,930 57,170' . j 5,570 

.. .. .. .. 
Average crushing load 

on sam pIe in lbo. .. 70,777 17,673 55,278 · . 19,85J 49,123' • 15,570 
.. .. . . 

• • 

Do. per sq. in ch. .. 17,694 4,418 13,~19 .. 4,963 12,281 .• 3,892 
, 

* The first three results of Arcr A are unreliable' and llie certainly too low as the 
briquettes were crushed on t4~ir wrong fa<;as. 

2. All briquettes we~ ~inch cubes. 

a. The figures in the ~ble are the actual loads in pounds carried by the briquette on a 
aectional area of 4 square inches. To obtain the crushing stress these loads must; 

.. be divided by·4. 

4. The briquettes were surfaced top and bottom and tested dry on the 5th December 1919. 
in a Richie Testing Machine. . . • 



APPENDIX J. 

Average monthly gauge readings at Bukkur for ten years 1909-1919 during period of 
pumping in cofferdams, i,e" November to March, 

Average Bukknr Gange Readings for 

Year. 

November,!December, J~uarY.1 February. \ March. 
I 

1909 .. .. .. .. 2'19 1'06 . . .. .. 
1910 .. .. .. . . 1'82 . 0'93 1'18 0'82 1'01 

1911 .. .. .. .. 2'80 2'21 2'00 2'60 '4'93 
-

1912 .. .. .. .. 2'39 1'42 2'27 2'71 1'93 

1913 .. .. .. .. 2'96 1'95 1'48 1'35 2'56 

1914 . , .. .. .. 4'30 3'26 1'42 1'41 2'67 

1915 .. .. . , .. 1'78 0'38 . 1'94 2'56 3'43 

]916 .. .. .. .. 2'27 1'27 -0'58 -0'68 -0'78 

1917 .. .. .. .. 3'61 1'27 0'42 0'19 0'51 
• 

]918 .. .. .. .. 1'28 0'40 0'88 0'42 1'34, 

1919 .. .. .. .. ", .. 0'12 0'76 2'0) 

Total for 10 years .. .. 2S'lo 14'15 11'13 12'14 18'60 

,', Average gauge reading for 
10 years .. .. .. 2'54 1'41 I'll . 1'21 1'86 

Highest Bukkur Gauge Readings for years 1909 to 1919 during the months 1st 
November to 31st March, 

1909. aDllary 25 .. , . •• .. 2'6 
November 1 & 2 .. .. .. 3'1 Notember2 2'6 .. 3to7 .. .. 2'9 .. 3 L, .. 2'5 .. 8 .. 2'7 .. 4, .. .. .. 2'4, .. II 2'G· " 

I) .. 2'S .. 10 .. 2'5 .. 6&7 , . 2'2 
1910, March 31 .. 2'2 

January 22 & 23 .. 3'7 Nov~mher 8 .. 2'1 

" 24 .. 3'2 " 9 " . . , .. 2'0 
November 1 2'7 March 30 .. .. .. .. 2'0 
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Highest BukkuT Gauge Readings for years 1909 to 1919 during the months 1st November 
to 31st March oontd. 

19l1. 1915. 

MaToh ,23 " 1l '6 March 21 &22 .. 5'2 

" 
22 " 10'5 " 20&23 .. 5'0 .. 24 9'9 February 16 4'9 .. 20 &25 8'6 March 24 4'1 .. 21 8'2 F~bruary 11 .. 4'6 .. 18 & 19 8'0 MRrch 25 , , 4'5 .. 11 &26 7'5 .. 26 4'4 .. 21 .. 6'7 .. 27 &28 4,3c .. 28 , . 6'0 February 15 4'3 

February 2 ", 5'6 March 24 , . 4'2 
February 18 .. 4'1 

1912, 1916. 
JauuaryS1 4'0 ovember 1 3'2 .. 30 3'9 

" 2 &3 .. 3'1 
February 1 3'8 

" 4 S'O 

" 
2 .. .. 3'6 

" 5 2'9 

" 
3 .. .. , , 3'3 

" 
6 2'8 

'" 4 .. .. 3'2 
" 1 2'1 .. Ii .. .. 3'0 .. 8 2'6 

November 1 .. 3'0 
" 

9,10 & l1 2'5 .. 2 . , .. 3'0 .. 12,13 & 14 2'4 

" S .. , , :1'9 " 15 2'3 .. 4 .. 2'8 
1911. .. 5&6 2'1 

1,8,9 & 10 ", 2'6 ovember 4 .. 7'5 .. .. S&5 .. 7'3 
1915. .. 6 .. .. 6'8 .. 2 ., 6'1 

November 1 & 2 " ' 
3'4 .. 1 5'6 .. 3,4&5 3'3 .. 8 4'9 .. 6&7 .. " S'2 .. 9 .. 4'0 

" 
8 to IS .. 3'1 .. 10 .. 4'2 

Ma.roh 23 to 29 .. 3'0 .. l1 .. 3'9 
November 14 to 16 .. 3'0 .. 12 .. 3'0 
March 2:1 ,. 3'0 

1918. November 17, 18 & 19 , , 2'0 
March 29, 30 & 31 2'0 arch 28 .. .. S'2 
November 20,21,22,23 2'8 .. 29 .. 7'0 
March 16,17,18,19 & 21 2'7 .. 30 0'6 
November 24 & 25 . .. 2'7 .. 27 0'2 
March 8, 9, Hj, 15 & 20 " .. 2'7 .. 31 4'6 
November 26, 27, 28 & 29 2'6 .. 24 3'6 
.March 11 2'6 .. 25 3'4 
November 30 .. 2'5 .. 26 S'l 
March 7 & 14 2'5 .. 23 3'0 

November 1, .. 1'9 
1914, 1919, 

November 1 .. .. . , 5'9 March 30 
, .. 5'4 .. 6&8 .. 5'8 .. 31 5'1 .. 9 5'6 " 

29 "1 .. 10 5'4 " 
26 &27 2'8 .. 11 5'2 .. 25 &28 .. .. 2'1 .. 1:1 4'8 .. 23 &24 .. .. 2'6 .. 13&14 4'7 .. 22 .. :1'0 

" 14 & 15 4'5 .. 21 .. 2'3 
December 12 '" IS 4'5 20 2'0 
November 16 "4 .. 1 &2 1'9 .. 17 .. 4'2 'November 1 1'9 



APPENDIX K. 

A Note on SUCtion Dredg~r8 bV Mr. A. A, Musto, Executive Engineer, Sukkur 
. jJarrage Projecl District.' . . . . .. . 

1. . The steam suction Dredger" Mudlark" which used to belong to the Indus River 
Col1lmission and was intended for dredgmg channels from the river at the mouths of munda
tion ca'uaIs in Smd did no useful work in Smdand must be considered to have been a complete 
failure in Smd. As this fact may be considered an argument agamst usmg dredgers on the 
Barrage construction it is necessllry to give the subsequent history of the" Mudlark." 

2 ... Her failure was not so much due to any inherent defect in the ship-though she was 
not well designed in Illllony respects-as to the fact that she WIIS n:ot fitted with suitable 
appliances and auxiliaries for the conditions under which she had ~o wor1!: . .Also none of the 
officers under whose .control she came, !:tad sufficient. Imechanical. knowledge to make the 
best of her, or to know and instruct the Dredge Master how'she should have been worked: 

3 .. The write~ has .tpe advantage of bemg a flllly ~~med' .mechl'~ical engineer and 
after testing the ship at the mouth of the Nasrat Canal in 1915, I reported fully what 
alterations and additions were necessary, in my opinion, to make her successful and suitable 
for ·the work. The Chief Engmeer in Sind, (Mr .. ~bbi~t, howeyer, considered thst the 
expenditure recommended was not advisable, and no.thing was doae in the matter. 

4. In May 191.6 the dredger Was sent to MeSOpOtamia for sale'to the Port Admmistra
tion, I. E. F. D. at 13asra. A'Dredge Master (not a.tramed. dre~g /Dan) and crew from 
Sind went with her. I went to Mesopotamia.in September 1916, and was engaged under the 
Port Administration. Up till the end of 1916 the dredger did no useful work, as she hsd been 
fitted .up wit~ a long suction head, origiDally supplied in Smd ani! found to be a failure. 

5. At the time I first saw her in January 1917,'she was bei'itg refitted with her rotary 
helical cutter, although the Dredge Master stated-tliat she, could not work it ·satisfactorily. 
On bemg consulted by'the Deputy Director of Port A!I!ninistration.l said.! was sure she could 
do good work with the rotary cutter, as I had tested,ker with it .. She was finally started at 
work with her cutting gear in January 1917 dredging a creek near BasI8and reclaiming land 
with the spoil. Sh!l did moderately good work, her best day's dredgmg being about 27,OO() 
o. ft. of soil dredged in 10 hours. 

6. In the middle of March·1917 the dredger was put under my complete control for the 
reclamation of about 12 acres of marshes to form a mi}.itary post at.fao, on the mouth of th\t 
Shatt-el.Arab. I now had an excellent opportunity of testing the ship, and as the Dredge 
Master was under my military orders, I was abletoinsist on all my own ideas, and method.~of 
'Wprk bemg used. / 

7. These met at first ·with considerable dislike and scepticism from the Dredge Master 
but he was compelled to obey orders, and "'hep. he found how much better result. he was 

obtammg with his ship; he became quite keen and theIll&fter. cJid his best to get the utmost ool; 
of his ship. The results were most satisfactory. 

8. The ship dredged under most difficult conditions and discharge!1 through her:'over
side pipe to _ distance of 90' from her side. working 10. hours per day. In 14 days including all 
stoppages for shiftmg moorings and for clearing large stones out her pump, which had been 
}licked up in dredgmg she' dredged 39~,000 cubic leet of clay (measured by acc\l1&te measure
wents of the river blink excavated) ol'lln average of over 28,.000 cubic feet per day. Her best 
day's work was 37,150 cubic feet of soil in 9 hours~ctual dredging, or over 4,000 cubic feet p~ 

. . . . , 
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hour. (lam told thatshe has since done OVer '0,000 cubicfeet per day.) The ship cut for 
herself a dock 600' long x 70' wide right into the clay bank of the river. This bank was jut 
~ubmerged at high tide, and the range of tide was about 12'mllxmium. She dredged down to 
4' below lowest tide level ora depth of 16'into the river bank; and fora length ofabout 200' 
she dredged down to 9' below lowest tide level, working olllyat low tides, as she can only 
dredge to 12' below water surface. , 

9. The work both of dredging and reclamation was a complete success. Since then the 
ship MS been working regularly on similar jobs and is now considered a most valuable piece 
of machinery. This is the ship which for lack of appliances and intelligent handling was a 
total failure in Sind. 

10. For the work at Fao she had only the same appliances and gear as she alWl4Ys had 
in Sind, but some of the changes I suggested in 1915 had been made and I had the assistance 
of a steam tug, when necessary, for lifting her moorings. Sinoe then she has been fitted with 
a new lIoating discharge pipe and terminal pontooll which make her still more useful. 

r 11. Had the whole of my suggestions been carried out in 1915 the ship would probably 
never have left the ~dus, and would be doing valuable work to-day in Sind. 

12. I would undertake to clear the river-mouth of any canal in Sind, with the 
"Mudlark" provided I were given the suitable steam tender which I asked for in 1915, for lifting 
her anchors and the other alterations suggested, and was allowed complete control of the 
ship. The above facts should dispose of any doubts as to the practicability of dredging at 

Sukkur. 

IS. Turning now to the dredgers proposed for the l3arrage work these ~e re'l.uired 
for the following purposes.-
• (a) to dredge foundations and form sand slopes in coffer-dams, 

(b) to dredge river bed in front of regulators for stone pitching apron, 
(e) to dredge river bed along site of divide walls for loose stone bed of walls, 
(d) to dredge river bank along toe of guide hank for llIying loose stone IIpron, 

They will also probably be used for-
(a) widening the existing Eastern Nara Supply Channel from mile 4 to ll\ile 12, 

. {b) deepening ditto where required; 
(e) reclaiming, i.e., raising level of sit.es for bungalolVs on Sukkur side. 

Eventually when the new works are finished one of these ships could be kept in the 
Eastern Nara and would be most valuable for dredging out the silt accumulated by the floods 
of past years and generally canalizing the natural ~iver course. . 

14. The limiting factorfor the required capacity of the dredgers is found from the 
amount of dredging to be done in the coffer-dams before the III tter are closed, as this work must 
be completed as quickly as possible. This is a maximum in the 2nd S61180n'S work and will be 
about 7,500,000 cubic feet of dredging. This must be completed in 11 months, say 45 days. 

f d d b 7,500,000 f da if d'd Therefore output 0 re gers must e - 45 =;= 1,66,500 c~ t. per y, or . 2 re gers 

~re employed they must each dredge 58,000 cubic feet per day. 

If the ships work 12 hours per day, this means they must each dredge 7,000 cubie feet 
per hour, inoluding all stoppeges for shifting moorings, etc. 

15. AB shown above, the "Mudlark "with a 15" pump dredged in clay under most difficult 
conditions, continually interrupted by large stones getting into ;pump on an average about 
·30,000 c, ft. per day of 10,hours, or 3,000 o. ft. per hour, while under more favourable 6011-

ditions she did over 4,000 cubio feet per hour. The steam suction Dredger" Madras" when 
Yolking pure aalld takes on·an average in her best mOllth's work 90 minutes to fill her boppe"', 



i.e., to dredge 900 tons or, say, 21,000 cubic feet. Hence she does 14,000 cubic feet per hour' 
She has 2-20' pumps. 

Assuming disoharge is proportion to the cross sectional area of the sllction pipes (and pumps), 

... 
We have area of " Mudlark's" pipe= - x 15'. 

4 

7r 

" " 
"Madras " " =- ><2 x20'. 

4 
7r 

Omitting the oonstant-we have the ratio of their disoharges as 225 is to 800. 
4 

Taking the disoharge of the "Mud lark " under good conditions as 4,000 c. ft. per hou: 
800 . . 

jhe " Madras" should do 4,000, x -- = 14,200 cubio feet per hour, which very nearly agrees 
. ' 225 

with her actual output. Hence discharge may be assumed proportional to area of suction 
pipes. 

16. We require for Barrage work, 7,000 c. ft. per hour. The" Madras" dredges 14,000 . 
c.ft. per hour with 2-20' pumps. Hence one 20' pump should give our ·required disoharge. 
This, however, allows nothing for emergency or margin. A margin can always be had by work
ing the ship for longer hours per day. With a few extra men in the crew these ships can easily 
work 16 hours per day, giving a 33% increase of output over that estimated. On the 
Hammar Lake in Mel'Opotamia we worked the dredgers 16 and 18 hours per day in the hot 
weather when the water of the Lake was too hot to baihe in and Chinese labour on the ship 
died of heat stroke. The conditions at Sukkur will never approximate to these in severity. 

17. Hence we require 2 suction dredgers each with 20' suction pipes and pumpt'>o 

18. Each dredger should be supplied with 1,000' of steel floating discharge pipe with 
ball and socket joints and with a terminal pontoon to discharge to a height of 25' above 
water line and to a distance of 80' clear from either side or end of pontoon. 

19. The dredgers should be oapable of discharging both ahead and astern if possible, 
the necessary gays and stays being fitted to the first length of ahead discharge pipe to lEeep 
it clear of the suction head derrick. 

This would be a great convenience for placing material when starting work in an existing 

waterway or canal. 

20. If this cannot be conveniently arranged it must be omitted and' an overside dis
charge on either side at deck level might be substituted. 

21. If the suction pipe of dredgers can be made to swivel sideways at the bows, it would 
be a great oonvenience, as it would enable the ship ~ work in a m?ch narrower channel 
than she could with a fixed central suction pipe. . 

With a fixed central suction head it is necessary to cut a channel much wider than the 8hip 
to enable her bows and stem to olea~ the edges of the dredged channel, when she is swung for 
dredging. Thus the "Mudlark" with a beam of only 32' cannot cut a channel of less than 
60' width for continuous dredging, whereas with a swinging I>uction head she could easily 
work in a 40' channel. 

22 .. To serve the two dredgers a paddle steamer launch is required for lifting and pla.cing 
anchors and bringing in cables. This launch is absolutely essential if rapid work is to be done. 
The heavy anchor boat propelled by oarlo, as supplied with the "Mudlark" is quite useless 
and un61litable for such work. She is too deep in draught, too heavy for rapid work in a heavy 

• 



155 

stream, and she hM no winches or other arrangement.. for lifting the heavy anchors. deeply 
embedded in the I!8Ild: 

23. Under the most favourable conditions of dredging it is necessary to shift one or two 
anchors after every few hours' dredging, and with the" Mudlark's " anchor boat, it took half 
a day to move one anchor, and was often almost impossible. In the meantime the whole of 
the expensive ship stand. idle. 

24. What is essential, is a shallow draft, flat bottomed paddle launch, with independent 
paddles. She should draw riot more than one foot· of water when fully laden with crew of 10 
men, 2 heavy anchors and 4 coils of steel hawser, in addition to her own full working weight. 
She should be high in the bow. and be fitted with a -powerful·geared steam winch set high and 
capable of lifting the heaviest anchors out of the sand. The winch should have its. own 
very heaVy-wire cable for lifting the anchor and all fairleads and fittings must be parti
cularly heavy and well designed to get a vertical lift on the anchor. Deck space and a 
iarge steam driven winding drum should be available at the stem for paying out or taking in 
the anchor oables to dredger. A strong davit should be provided at the stern for swinging out 
ths anchor when layiog and the deck space should be suffioient to acoommodate 2 anchors 
and 4 coils of cable at the stern. 

With such a launch, anchors and moorings could be quickly laid and lifted in any sort of 
stream, and delays in working the dredger would be reduced to a minimum. 

25. CUT",rER GEAR. 

The suction pipe should be fitted with a helical. cutter and gearing, driven by an indepen
, dent engine controlled from the dredging bridge. The cutter must be provided with ample 

power for breaking up branohes of trees embeqded in the mud, up to say, 5" or 6" diameter. 

Inside the helical cutter and over the mou th of the suction pipe should be fitted an easily 
removable grid, which would prevent stones or other debris, too la~e to pass through the pump, 
from entering the suction pipe. This grid would only be used when necessary and should 
be capable of simple attachment and removal without disturbing the cutter in any way. 

26. DREDGING PUMP. . . 
There should be ample room in the pump hold, for easily removing covers of pump for 

inspection. Short lengths of suction and delivery pipes, easily removable (not cramped for 
room) should be fitted to either side of the pump, for rapidly opening up and inspecting pump 
and pipes. 

27. The feed water and circulating water inlets should be in such a position (preferably 
at stem) as not to become clogged with mud when the ship rubs against the side of out. If 
they must be kept at the side of ship they should be recessed and protected by a steel rubbing
piece flush with the side of ship. The" Mudlark" gave constant trouble in this respect. 

. I 

28. An efficient indicator visible from all parts of the bridge should be fitted to show the 
depth of the bottom of cutter below water surface. ' 

29. All stations for men working warping winches should be provided with roofs to give 
efiective protection from the sun, but these roofs must not interfere with the view oj Winches 
from the bridge, nor with any of the hoisting tackIe or stays • 

. 30. All warping winches both fore and aft should be fitted with friction clutch connec
tions from the drums to the engines, and with powerful rapid action brakes work~d by hand 
wheels. 

SI. Separate telegraphs and indicators should be fi1Jtsd oil bridge and at machines for 
every warping winch and speaking tubes to bridge should also be fitted. 



32. Ample accommodation and deck space should be provided for all officers, if possible, 
on upper deck and for crew on main deck. 

33. Boilers should be fitted for .oil fuel. 

34. Searchlights should be provided fore and aft for night work. 

35. A motor la unch to carry 20 men and travel at 12 knots should be provided as tsnder 
for each dredger. 

86. Usual ships boats and one light dinghy suitable for fitting light rudder motors should 
be provided. 

81. The dimensions of ships may ~e approximately 200'x40' and th~ draft, when 
fully laden, must not exceed 3 feet. They must be able to dredge to 30' below water level. 

38. The draft of the terminal pontoon must not exceed l8" with pipe full of water and 
stand. 

39. The speed of the dredger when towing her full compliment of pipes (on -flats, or on 
t}.eir own :pontoons) should be about .. 7 miles per hour. . 

40. :ror the aCMleptance.trial, the capacity of the dredger when w9rking in ordinary silt 
and sand or in clay banks in the IndW1 at Sukkur with occasional branches and roots. Qf trees 
embedded, etc., must be not less than 70,000 cubic feet of materials dredged, per day of 10 
hours. This rate of progress should be an average over 5 days continuous work, i.e., for 50 
houN working and to include all time spent in putting out and shifting moorings, cables, etc., 
and in shifting discharge pipe axid pontoon, after latter is connected up for work. 

The discharge to be delivered through the full 1,000' of discharge pipe and out of the ter
minal pontoon, outlet 25' above water line and 80' clear from edge of pontoon. The quantity 
~ed, to be decided by accurate measurements tskell daily before and after work of the 
side dredged, and if possible to be checked by measurements of the material deposited inside 
a bunded area, due allowan ce being made after testing waste water for the small quantity 
carried over the waste weir. 

41. Many other details of the specification for these ships have been noted, but lire omit
ted here for brevity. The ships should be built to the specification and under the observation 
and constant inspection of an officer with mechanical and dredging experience and if possible 
of the officer who is to have charge. of them. 

42. C08'1' OF DREDGEBS. 

1 estimate the approximate cost of these two ships complete with pipe lines, terminal 
:pontoons, launches and all gear to be described in detailed specification, at £40,000 each. 

Competitive designs and tenders should be invited from several good builders such as 
Messrs. Vickers, Messrs. Beardmore, Messrs. Simons, Messrs. Cammel Laird and Company 
and others. For the shallow draft paddle launch to lay anohors, Messrs. Yarrow and Messrs • 

. Thornycroft, who are both specialists in shallow draft steamers might be asked to subm it 
designs and estimates. Messrs. Simons & Co. are not specialists in this line. 

43. For details of working expenses, cost of dredging and saving to be effected by their 

use, see Part Vlll, Section XlV, of Report pp. 207-210. 

44. Besides being indispensable for the coffer-dam work, and for the widening and 
deepening of the Eastern Nara Supply Channel and being a great convenience for many jobs, 
these dredgers, in my opinion, Will save their whole cost during the construction of the Barrage 

and Canals. 

" 



APPENDIX L. 

LiBt of Calculation Set,. 

stability Calculations fur 
Barrage. 

Drawing 
No. Set No. 

42 I Floor of ordinary and scouring sluices 

48 II Ordinary piers, longitudinally 

49 

50 

51 

52 

53 

54 

ill AbutInen t piers, in cross section •. 

IV AbutInents of Road Bridge '.' 

V Land Abutments of Gate Bridge .. 

VI Road Bridge ArCh •. 

VII Gate Bridge Upstream ArCh 

VIII .. .. Down8tream " 

. " 

PAGES. 

15e-159 

•. 160-167 

•. 168-170 

171-175 

.. 176-177 

•. 178-183 

184-188 

189-19::1 

IX Reinforced Concrete lIooringslabs fllr Gate Bridge •. 193-194 

46 

61 

65 

66 

66 

67 

67 

51 

X Reinforced Concrete Beam. to oarry floor, for Gate Bridge 195 

XI Compound Steel Beams to carry gates, etc., for Gate Bridge 

Regulator,. 

XII Floor of Regula tors .. 

XIII Ordinary piers longitudinally 

XIV Abutment piers in cross section 

XV Land AbutInents 

XVI Road Bridge ArCh 

XVII Gate Bridge AIches .. 

196-197 

198-200 

201-205 

206-208 

,209-211 

212-2H 

215-216 

XVIII Reinforced Concrete lIooring slabs for Gate Bridge 217 
" 

XIX Reinforced Concrete Beams to carry floor, for Gate Bridge 217 

:xx Steel Beams to carry gatee, etc., for Gate Bridge 

'XXI Connecting wall 

218 

.. 219-220 



Set No.1. 
DESIGN OF BARRAGE FLOOR TO STAND HEAD OF IS· 5'. 

U ndefosluice portion. Drawing No. 42. 

If hydraulic gradient is to be 1 in 17, total length of creep must be 17 x IS· 5=315'. 

As&ume length of paving downstream of gates is, 120'then the balance 315---120=195 
must be made up of length upstream of gates plus sheet piling. If length upstream of gates 
is 70', this leaves 195-70=125 to be made up of vertical creep. If the upstream and down
stream piling are each made 12' deep (minimum) this gives <is' of creep leaving 125'-48'= 
77'. There will be 4' drop at front of paving and 4' rise at end of paving=S' leaving 69'. If 
centre paving is 11' thick there will be one vertical rise of 5' plus one inclined rise adding 2' to 
creep=7' leaving 62' for the two lots of centre piling. If the downstream centre piles are 12' 
long this leaves 62'-24'=3S' for the upstream centre piling or latter must be 19' long, 83y 
20' long. 

1 fllJUtigation of stability against tlplIIMd pressure. , . 
The floor must be safe as far as the gate on upstream side, since the downward pressure 

of water is always equal to or greate~ tban the upward pressure. 

Immediately belOlJJ the gates. 

Loas of heqjJ, to gate. 
Upstream paving 

" piling •• 
Centre floor to gate 
Upstream centre piling 

Creep = 140' 
140 

:. Loss of head=-~S· 24 
17 

Balance of upward pressure 

A~3 per cent. for safety 

Total downward pressure required 

40'+4' 
12' 

30'+2' 
20' 

.. 

=44' oreep. 
=24' 

" 
=32' 

" 
=40' .. 

140' 
" 

=IS·5-8·24 
=10·26 

=3·42 

=13· 68' of water. 

If masoory is 11' thick and its specific gravity submerged is 1· 25, its ellective weight will 
be 11 xl· 25=13· 75' of water which is sufficient. 

2. At dOIJJmtream paving tlpstream end, i.e., junction with central masonry 
floor. From below gate to end of centre floor=50' = 50' creep. 

downstream centre piling 12' = 24' " 
Step up to downstream paving 5' = 5' .. 

AtU-creep to gate .. 

••• Loss of head to this point 
219 

=-=12·8S 
17 

-= 79' .. 
= HO' 

219' oleep. 
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Balance of upward pressure .• 

ArU-33 per cent. for safety 

== 18'5 -- 12'88 
== 5'62 

" == 1'87 

Downward pressure required.. .. == 7' 49' head of water. 
If masonry is 6' thick and specific gra vity SUbmerged is I' 25', its effective weight will be 

6 x I' 25 == 7' 5' head of water which is just sufficient. 
3, Erul of paving upstream edge of piling. 

Brought do'\Yll •. ==" 219' oreep, 

Downstream plving==65' 

. 
~ .. loss of head 

== 65' 

284' 
284 

.. 
= -. == HI'7 

17 
Balance of upward pressure == 18' 5 -- 16' 7 

== 1'8 
ArU-33 per oont, for safety = • 6 

Downward pressure required .. = 2' 4' head of water. 

Hence" 2' of masonry would be sufficient here but this would be too thin for general rea
sons and a minimum thickne88 of 4' will be used. -

1..088 ofhead to erul of pavement, 

Downstream piling 

Paving beyond piling 
Step np 

Brought forward •• 284' creep. ' 

12'=24' .. 
5' = 5' .. 

= 4' II 

317' creep. 

which is what was required for a gradient of 1 in 17. 

Nou.--For nndersluice portion, more protection is desirable dowmlf'eamand 1_ upstream. 
than.in the case of the B&rrage ordinary spsns, because the nndersluioos will run much more 

continuously and the greatest wear is dowmtream of the gates. Also at the nndersluioos there 
will be loose stone protection upstream, for the full length of the regulators, and this will slope 
doWn with the natural bed of river so that much masonry is not needed upstream of the' 
gates, 

The extra proteotion downstream of the undersluices will be provided by a greater length 

of concrete blocks, and loose stone pitching. 
" , 

Urulersluice portion. 
This design gives 120' of pakks paving below the gates or 6' 5 times the head (18'Ii') 11.9 

against 4' 33 times the head (15') allowed at the Esna Barrage. 

Beyond this point there will be large concrete blocks fora distance of 103' making 228' 
protection from the gates or 12 times the head (18' 5) as against 10 ~es the head (15') allowed 
at Emil. (after repairs,) Beyond this will be a talus of loose stone pitching for a further 150" 

making total protection, 373' or 20 times the head (18' 5) as against 12' 8 times the head (Iii') 
allowed at Emil. originally (too little and caused scour below) and 20 times the head (15') allowed 
after repairs in scoured bed, 
" "Ordinary Barrage Sluices, 

Here there will be only 83'of concrete blooks making total 203' to end or 11 times the head 
(18' 5') as against 10 times the head (15') at Esna. Beyond this will be loose stone protection 
for a further 100' making total 303' or 16' 5 times the head (18' 5') as against 20 tim .. the 

head at nndersluioos and as against 12' 8 times the head (15') allowed at Emil. originally (and 
fonnd too little, owing to small size of stone), 



Set No. II. 

STABILITY DIAGRAM FOR ORDINARY PIER OF BA.RRAGE LONGITUDINAL 
SECTION AND PRESSURE ON SAND. 

Drawing No. 48. 

Plan No. 48 shows the stability diagram of the ordinary 10 piers in a longitudinal direction. 
In a cross direction. there may at times be a slight difference of l~vel in the water on two sides 
of the same pier (due to different regulation by the gates on either side) but the side pressure 
exerted will be so small in comparison with the great weight on the piers. that it has not been 
considered necessary to calculate its effect. The_ calculations show that the worst possible 
cotlditions give an inten.sity of pressure of 991b./sq. in. in the masotlry at the base of the upstream 
toe of the piers. 

Also that the maximum possible intensity of pessure on the sand below the foundation 
block is 31 lb./sq. in. or l' 98 tons per square foot. 

(1) Calculations-

Vertical forces~ 
Tons. 

(a) Cutwater-

...... a."s-i • 
Cen tre of gra vity as found gra phically • 

• Weight from R. L. 176 to 207-Top of caps. 

area 

31 x 61' 5 x 150 =2.85.975 lb. =127' 5 tons. 
!- S·'l.~':'3.Q; 
• • 

127'5 

(b) Pilasters-R.L. 207 to 238' 5 

l' 5 x 8 x 31' 5 x 150 lb. =25'3 tons. 
25'3 

Tons. 

(]) Upstream gate arches-

R. L. 176 to 219. 

lOx8x43xl50= 230'5 

R. L. 219 to 238' 5. 

1 x8xI9'5xl50= W4 
Arch Drawing No. 53. 

2x8x 78.888lb.= .. 563'4 

804'3 
801' :3 

(I!) Pier between ribs-

R. L.176 to 238'0. 

16 x 10 x62' 5 x150 lb.= 670 

670 



161-

(el Downstream gate arohes-- Tons 
R. L. 176 to 219 

10x5x43xl50 lb.= .. IH 
Between arches R. L. 219 to 238' D. 

5x2x19' 5xl50 lb.= ' .. 13'1 
Arilh Drawing No. 64. 

2x5x80,810 lb.= 360'5 

517' 6 
517' 6 

(Il Pilaster. etc" between gate and road-bridge-
R. L. 176 to 214' 95. 

10xl1 x38'25xl50 lb.=,. 38'4 
R. L. 214' 25 to 238'5. 

8x1!x24'25xl50 lb.= .. 19'0 

57'9 
57'& 

(g) Road bridge-
Road bridge-

Pier R. L. 176 to 201. 
25x10x25xl50 Ib.= .. 420 

Road Arch Drawing No. 52. 
2x48283x25= .. .. 1,075 

1,495 
1,495 

(h) Pilaster-
R. t. 207 to 214' 25; . 

11x8x7' 5x150 lb.":" 

(il Ease water-

, . 6 
6 -

Same as cut water 127-5 

Horizon tel forces. 
(j) Wind-

Pressure at 40 lb. per square foot on face of gate bridge arches and 
spandrils and pam pete. -

~
--

'f r-
0, • • a .. 
:- .... IS,S .. 
I "'-\-. .a _ 

""""'.,--- ,----~--t-L ~ ---_ 30 __ 10 ,---3 __ 
o ' , 

Wind pressure ' ., .'. =70 x23 X 50 lb. 
=36 tons acting at R. L. 230' 5 . 

... 
Deductarea of int'rado! .. = -x30x15x50lb. 

2 
=15' 8 ton. acting at R. L. ~25' 35 

(219+15 x·4244)=219+6'35. 
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Taking moments round R. L. 219. 

(36-15'8) x =36xll'6-15'8x6'35. 

:. 20'2 x 
• , iii 

:. We have the resultant 

(k) Wind on counterweight
R. L, 224 to 232, 

6Ox8x50 lb. 
(I) Wind on Road-bridge--

=414-100' 33, 
=313'66, 
=15'53, 

=20' 2 tons acting at R. L. 234'53 
(219+15' 53). 

.. =10' 7tons at R, 1. 228. 

Face of arch and spandrils and parapet. 
R. L. 201 to 219 Top of parapet. 

Rectangle .. 70 x8x59Ib.=28'1 tons acting at R. L.21O • 

Deduct opening 
.". 

..=-x30xl0x50 lb. 
2 

=10'5 tons. 
(at 201+4'244), ' 

=205'244, . 
Taking momente round R. L, 201, we have 
(28'1-10' 5) x .. =28'1 x9-10' 5 X 4'244 • 
• '.17'6 iii .. =252'9-44:56. 

,', Resultant ., 

(m) Wind on pier-
R. L. 194' Ii to 201. 

10x61x50lb. 
(nl Water pressure on pier and gate-

=208'34, 
=11'84, 

17' 6 tons acting at R. L, (201+ 
11'84)=212'84. 

=1' 49 tons at R. L. 197' 75, 

62'5x18'51b, 18'5 
70 xI8·5x----'=335 tons at R. L. (176+--) 

3 2 

~r -- -------- .. - . , -, . ,:.,..J 

i,~" 182'16. 

:.. 4 .s.a·$ .... ·Ja:. _ " ' 

Horizon tal Forces. Taking moments at R. L.176. 

Arm from 
j 

-
Forces. R. L. R. L,176, Amount. Moments. 

I Tons. 
J. .. .. .. .. 234'53 58'53 20' 2 1,182 
K .. .. , . .. 228 52'00 10' 7 557 
L , , .. .. .. 212'84 36'84 17' 6 649 
M .. .. .. .. 197'75 21'75 1'49 32'5 
N . , . , .. .. 182'16 6'16 335 2,060 

.--
Total Horizontal Thrust . , . . .. . , 384'99 4.480'5 

4480'5 
,', Resultant ohll borizontaiforeea act at =11'64 ft. from 176, i,e" R. 1.187'64, 

884'99 

• 

• 
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Vertical Forces. Taking moments round nose of cut-water. 

- Amount. Arm. Moments 

a 128 tons. 5'23 . . .. . . .. - 5'23 670 
b 25 .. 8' 65---{)'75 . , . , . , , . - 7'90 197 
c 804 .. 8'65+4 , , , , , , , , - 12'65 10,170 
d 670 .. 8'65+8+8 , , , , , , , , - 24'65 16,515 
e 518 .. 8' 65+8+16+2' 5 , , , , , , - 35'15 18,200 
f 58 .. 35'15+2' 5+0' 75 , , , , ' , - 38'40 2,230 
g 1,495 .. 38'40+0'75+12'5" , , , , = 51'65 77,217 
h 6 .. 51'65+12'5+0'75" , , , , - 64'90 390 
i 128 .. 64'90+3'42" , , " . ' , - 68'32 8,750 

Total . , 3,832 tons, . 134,339 

134339 
:, Resultant ofal\ vertical forces act at =35' 06 ft, from nose of cut water, 

3832 
Resultant of Homontal and Vertical Pressures. 

, N06& O~ ,CUT. WATr.R. , 
I , , 
!o:"~~~-3S. 0," , 

Q • ~1J"·,a TONs. 
TOT"", HORIZONTAL 

T"RU~T 

p •• aaz YON!. 

To find X:-
384,99 xU' 64 

X 

T.OT",,- V~RT1C.A\.. LOAD 

=3,832 xX, 
=384'99xll'64 
-----ft. 

3832 
=1'169 feet, 

,', The final resultant cuts base of pier at distance 35' 06+1'169 ft, 
. =36: 229 feet from nose ofeut water. 

Intemity of pressure in masonry at base of pi.et-. 
Case I. Gates lowered water and wind pressure considered, 

i • I 

, .... ----- SSi-' 5 -----...... ~ '.'5--: 
:. I I 
I , 

• • 

~-
" . 57·8'; 

_·225 
~., .. "----I-~ 

:.:.0---- "" .sQ--....jI a • 

... E =33'90-33'729 = 0'171 feet I 
and A =67'8x10, 

Y =33'90, 
Q EY 

S = ~ (l±-)= 
A K" 

3832 0'171 x3S' 9 . 
=-(1+ x 12j. 

678 67'8x67'S 
i':'026 

R,,$U\.T""'NT 

=5'65 (1±--) =5'65 (1±0'01515), 
67'80 
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... Greatest pressure . . . '.' =5' 65 x 1'01515 . 

=5' 74 tonsfsq. ft. 

=89·29Ib./sq. in., say 90 Ib./sq. in. 

at upstream toe. 

.. Maz.imum pressure ~ base 01 pier wiU be 90 tb.fsg. in. at the upstream toe. 

Minimum pressure 5' 65 x 98.5 •• =5' 55 tons/sq. ft. 

=86' 5Ib./sq. in. 

&Sy 86 lb. at downstream toe. 

Case II. Gales raised and wind pressure IIOt C01I8idered. 

The eccentricity ill greater when water. pressure and wind pressure are not 
considered. 

The resultant then is ;-

r-- • 
CENTR. .- -, 

I • I •• 

2S~' 'S.,;~~. ----- ~~:. s, -'-----.. 

," , 

. , , 

Q EY 
S = -(1±-) 

A K' 

---' 

E =33'90--32'56. 

=1'34. 

A =67'80 x 10. 

Y =33'90. 

3832. l' 34 x33' 90 x12 
= -(1+ ) 

678 67' 80 x67' 80 

8'04 
=5'65 (1+ ) 

67'80 

=5' 65 (1 ±0·1l9). 

=6':1 tOfis/sg.ft. 

=98' 51b./sg. in. say 99Ib./sq. in, 

... 99 Ib, ,g. in. ir the ma3limum pressure that can possibly occur at upstream 
toe if. there is no horizontal thrust, i.e., if the gates are out of water and there 
is no wind at all. 

Minimum pressure •. •. =5' 611 x 881 tons. 
=4' 97 tons/sq. ft. 
=72' 5 lb./sq. in. say 72 lb. at 

downstream toe. 

.. 
• 



2. PrUlltW6 on Band at jOf.l4lilationB /e1Jel.-

Case I.-Gates lowered muimum water and wind pressure considered, 
Upward pressure of water on foundation, 

Upward pressure at A = 

Upward pressnre at B " 

.. , . C .. 

. , .. D 

" .. E 

" 
F .. 

... MeaD head between A & B 

.. " 
C&D 

" E&F 

lIo 
, 

• 

Creep at A' 
II 18'5 - -------

Hydraulic gradient, 

4+40+12+12+7 
=18'0 - --~--

17'1 

75 
=18'0 - -=18'5-4'386 

17'1 

=14'114'. 

80 
=18' 0 - - =18'5-4'68=13'82', 

17'1 

120 
=18'0 - - =18'5-7'02=11'48', 

17'1 

190 
=18'0 - - =18'5-11'11=7'39', 

17'1 

214 
=18'5 ~,..."...- =18'0.-12'51=5'99', 

17'1 

219 
=18'0 - - =18'5-1:1'8=0'7', 

17'1 

14'114+13'82 
= =13'007', 

2 

11',48+7'39 
- ----- =9'44', 

= --~-- =0'85'. 
2 
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, 

-1 
I 

....... -------32---.------'> 

Supposing weight spreads at an angle of 45°, 

, . 

.'. Upward pressure on A B.. =13·967x32x5x62-5Ib. 

(S) •• =139670 lb. 

=62'~ tons acting at 2'42'. 

'.-. Upward pressUre on CD-' 

(T).. =9'44x32x70x62·5Ib. 

=590 tons at 37' 50' • 

.-. Upward pressure on E F-

(0).. =5·85x32X5x62·5Ib. 

=26' 3 tons at 77- 40'. 

Note.-The distance of the 'point of application of the pressure in the above 3 case.' is 

got by graphic constru.ction. 

The total forCes acting on the sand therefo~ are ~ follows :-

W£IG 

P.-,S.S:.)Z TOM$ P .c,n._ 
; 3,·728 

;.. 
., 

n ao ..... 
. 
~--- 4 • . 

z WJi WElOWT or SLA'8 , 

· , 5- Q! ... TOI'IS. If· 
' •• i :---.; r- !ISo TOIl. · .17 .•• 
0 

r7'·"o • ...... ",...,.. 

SOX32 xlI x 140 
W=SOXS2XllX140 lb. •• ------ ton=l,760 tons, 

2240 
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Taking moments round Z, we have as follows :-

Amount. I Force. I Amount. Arm. Moments. I 
W · . 1,760 40 70,400 

P · . 3,832 39'729 152,241 

+5592 Downward. 222,641 
, , -

S · . 62'4 2'42 150 
-. 

T · . 590 37'60 22,150 

Upward -678' 7. U · . 26'3 77'40 2,035 
--

2QSS5 

4913' 3 Surplus Net 'Net 198,806 
Downward. -

The resultant therefore acts at a distance of 
198,306 

•. 4913' 3 ft.=40· 36 ft. 

.'. E 
A 
Y 

s 

Minimum pressure ' 

•. =40'36=40-0'36 ft. 
=32' x 80'=2,560 sq. ft: 

, '40. 

1 
,. = - (80'). 

12 ' 

Q " EY 
= -(1+-) 

A K' 
4913' 3 0' 36 x6 

== (1+---
21i60 80 

2'1 
=1'93 (1±-) 

80 
=1' 93 (1± '02625). 
=1' 98 totI8/'q.ft.=Greatut pressure. 
=30' 81b./sg, in., say 31 lb. at downstream toR. 

.. =1' 93)( '974~ 
., =1' 88 tons/sq. ft. 
•. =29' 2 lb., say 29 lb./sq. in. at upstream toe. 



SET No. III. 
DrawifI!J No. 49. 

STABILITY CALCULATIONS FOR ABUTMENT PIERS IN CROSS SECTION. 

Two cases have been investigated. 

CASE I.-This shows all stresses whpn the pier is loaded with ful! pre88t1rea from both 
gate bridge al1ll road bridge arches, when the latter are complete and fully loaded 
on one. side onl1/. of the pier; it being assumed that the arches on other 
side have collapsed. To support such ,. load in the event of accident is one 

. function of these abut!Ilent piers. 
The calculations show that the resultant at the base of the masonry pier, falls just within 

the middle third, the mammum intensity of pressure at the outer edge of the pier being 93 UJ./ 
sq. in. or 6' 0 tons/sq.ft., and the average pressure over the whole pier base being 48' 25Ib./sq. in. 
or 3'1 tons/sq. ft. The mammum intensity of pressure on the sand below the foundation block 
is 42 UJ./8q. in. or 2' 70 ton8/ sq.jt., and the average pressure over whole base area being 26' 3 lb./ 
sq. in. or I' 69 tona/sq. ft. ' 

CASE n.-This represents normal working conditions with both Gate Bridge and Road 
Bridge completed on both sides of pier and each carrying its full designed load. 
The resultant pr~ure is vertical, through the centre line of the pier, the intensity 
of pressure at the base of the masonry pier beifI!J 55 UJ.!sq. in. or 3' 55 tons/sq, ft., 
and the pressure on the sand below the foundation block being 32' 6 UJ./sq. in. IYI' 

2'1 tons/sq.jt. 

STABILITY CALCULATIONS FOR ABUTMENT PIER. 
C,088 Section. 

Loads at base of abutment pier :~ 
Abutment pier masonry as per estimate •• 
Pilasters .. .. .. 
Spandrils not included in !Jolch

RoadBridge-lx25x13'25 .. 
Downstream ,Gate Bridge, 2x5x191' 
Upstream.. .. 1 x8X19l' 

.. 
.. 

.. .. 

.. 

at 150 lb. 

CASE I.-Arches built only on one side fully loaded. 

76,114 
7,938 

c. ft. 
.. 

= 331'25 .. 
= 195 

= 156 
.. .. 

84,734 c. ft. 
=1,27,10,137 lb. 

=5,674 tons. 

Supposing arches on one side only are built and fully. loaded. The weight of 5,674 tons 
compounded with the thrusts of the Gate Bridge and Road Bridge Arches gives a net resul1i&nt 
as found graphically, of 6,760 tons acting in line which cuts base of abutment pier 3'9 feet 
from centre, which is just within the middle third. The normal hesd here being 6,660 tons. 

Intensity of pressure in masonry at base of abutment pier. 

r --

... ,.-4 ... : .. , --__ _ 
; , 
• II 

$!"!Io 

85·1 

--, 

.. , 
-ol . ., 

• '15 ....... • 

E o~3'9 

A .. :=86'3x25 
25 

Y - -
2 

25' 
K' ,. =--

12 
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Q -EY . 6660 ( 3'9XI2XI2'5) 
,', S = - (1± ---,) = -- 1+-----

A K 2157 25 x211 

23'4 
=3'1 (1±""25) =3'1 (1 ± '935), 

,'. Muimumin1;ensity =3'lX1'935=6'OItms/sq./t. 
=93 Ib./sq, in. at a_lot, 

:. MinUnumintensity =3'lx'OO5='20 tons/sq. ft. 
=3 'llb./sq, in, at iJiller toe. 

l'lllemity of Prll8$W!e on Sand at bottom of foundations. 
Supposing weight spreads out at an angle of 450 

Total weight is spread out over area 47' x100 sq. ft. 

4' 

Loads.-Weight of block (submerged) at 88 lb. 
100x4.7xll'x88 lb. =2.035 tons. 

". 

Upward Pres$W!e.-Taking this as the minUnum at the lower end (as per calculations 
Set No. II). viz., 5' 7 feet head of water, the preSilure will be-

100x47'x5·7x62·51b. =750 tons. 
The load on sand due to the foundation will therefore be-

2.035-750 tons =1,285 tons. 

" This compounded with 6760--weight of superstructure gives a resultant cutting the bottom 
of foundation 4' 7 feet from centre: (see diagram) normal pressure being (6660+1285)=7.945 

. tons. 

The intensity of pressure on foundation therefore is-
Q EY 7945 4'7x47X12 

" E =4'7 S=-(I±-)=-(I+----

47 
Y =-

2 
47' 

K' -
12 

A =47x100 

A K' 4700 2 x47x47 
28'2 

=1'69 (1±-) =1'69 (1+'6) 
47 

., MalOimum intensity .~ =1'69xl'6=2'70 tons./sq.ft. 

MinUnum intensity 
=42 lb./sq. in. 
=1' 69 X' 4 = O' 696 tons/sq. ft. 
=10' 8 lb. sq, in. 

A. verage= 1'69 tons/sq. ft. = 26' 3Ib./sq. in. 
CASE II.-When arches on botJ? sides are built and fully loaded. The abutment is of 

course .table on both sides. 

Loads.-
Weight of abutment pier 
Vertical Gate Bridge 8' aroh. 2 x280 

" n n 5' arch, 2 x180 .. 
.. Road Bridge, 2 X 528 .. 

.. ,~ -.. .. -

5,674 tons. 

560 " 
360 .. 

1,056 " 

7.650 tons. 
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The Intensity of Pressure in masonry at base of abutment pier therefore-

7650 tons. 
_---- =3'55 tom/8q./t. 

86'3X25' 

=55'0 Ib./sq. in. 'WIIijO'l'm on the whole base. 

I ntemity of presBtWe on 8and. in. fO'lJhltl,atiom-

Add weight of found~tion block ~ubmerged 7650+2035=9,685 tons •. 
. , 

Resultant acts at centre and ao the pressure can be taken to be evenly distributed 
on the whole Section. 

:. Intensity of Pressure 
9685. 

- ---=2'06 tons/8q.ft. = 32'0 Ib./sq. in. 
47xlOO 

•• 

• 



Sin' No. IV. 

Drawiflg No. 50. 

THE EN!? .ABUTMENTS OF THE ROAD BRIDGE. 

These abutments are extended upstream to carry the last pier of the Gate Bridge. Stabi
lity has been inveatigated for this combined hOlllogeneous_ abutmeut an~ pier. Three cases 
are investigated. 

ClUe No. I.-Shows the conditions with the abutment only buill, and supporting the full 
. load of tarth filling up to formation level behind it, with lowest water level (R. L. 185) in the 
. river. The calculations show that the abutment is just 'stable under these conditions, while 
the maximum intensity of pressure at the river ... ide toe i. OfIZy 80 lb./sq. in., there being very 
slight tension of 6 lb./sq. in. at the inner toe. Actually, conditions would"""", be as Set'Me 

as shown. For calculation it h ..... been assumed that the filling is very wet (practically liquid) 
sand weighing 12;} lb./c.ft· with an angle ofreJlO8O of 30° . 

Case No. 2.-·Shows the condiMous if all arches were built and fully loaded, before any 
filling "'Me do"" behind the abutment. This also shows the section to be perfectly stable, the 
mass inten&ity of pressure in masonry being 77Ib./sq. in. or 4'95 tons/sq. ft. at the inner toe. 

Case No. 3.-Shows the final conditiOflB after completion of the bridges, i.e., with earth 
filling up to formation level, and with all arches fully loaded. 

This shows the abutment to be perlectly safe, the resultant pressure cutting the base almost 
vertically near its centre, and the ma""mum ifli£flsity of presBUre in the masonry toe, being 68 
lb./B/}. 'n. or 4 ·35 tons/sq. ft. 

The ma""mum presBtWe on the sand below the fOfJ.ndatiOfls is 28 lb./sq. 'n. or 1 ·SI tons/B/}.ft. 

Case I.-Abutment is built tip to' road let-el R. L. 215 and tarth fiUing behitld is done, but 
arches fIOl done. 

CalculatiOfls :-

'Weightl:-

(a) Under Gate Brirlg_ 

Ton.. Arm. Moment. 

.. '4--' SO·5XI4·S7XS9xI50 lb. 1,185 7'6 9006 

. J+--,......-\ r.- 19-75 --i 
Under Road Bridge-

• ! 25x7·25x14xI50 lb. 

.. L .• ,s-1U .. ··· .. 
L.~.l . 

_a~ 

]70 8·S 1410 
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.. 
N 

R L. 17" J .J....----'.......l 
~ 1~·'5·----' , , 

(b) Total earth Pressure 
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Tons, Arm. Moment. 
25x16'62x25x150 lb ... 696 8'4 5850 

. , 

---
Total 2061 16266 

ton. acting at 7' 93 ft, 

• • = Area of triangle AFD • 
15'7x39 

=55'5x X125 lb. 
2 

=948 ton •• 

(e) Water pressure with water at R. L. 185, in low water level 

, 9 
=9x55·5x-x62·5Ib. 

2 
=62'7 tons. 

The resultant of all of three-weight of abutment, earth pressure and water pressure cuts 
the base of abutment 3 '8 feet from centre, This is j.ust outside the middle third. 

In that case, 
E ,. 

y 

K' 

A 

s 

•• =3'8 
19'75 

,. =--
2 

(19'75)' 
--~ 

12 
=19'75x55·5. 

Q EY 
=-(1+-) 

A K' 
2600 3'8XI9'75xI2 

----(1 ) 
19 '75 X55;O 2 x19 '75 x19 '75 

=2 '37 (1 ±1 '155). 
"':"'2 '37 +1'155 tons/sq. ft. 
=2 '65 tons/sq. ft, 
=79'5 lb./sq. in., say, 80 lb • 

, 

. :. The ma:rimum inte1l8ity of pressure at outer toe (t>erticalfacel is 80 lb. rer 87, in • 
. 

Ten8'itm-
=2 . 37 X '155 toos. 
= '25 toos/sq. ft. 
=5'7 lh./sq. in. 
=8ay 6 lb./~q. in • 

. '. At the inner toe (Battered face), there is a tension in masonry of io1>ensity 6 lb./sq. in. 
Thir. is the worst case, filling behind the abutment is done with very wet sand having an 

angle of repose of 30· and weighing 125 lb. rer cubic foot. 

Case 2.-AUarche8 builtaftdfuUy loaded, earthfiUil'lY behind a/Jutme'flt not done. 

We see from the diagram that this will give a l'esultant of 3,920 tons' cutting the base of 
abutment I' 4" from centre. 

.. 
• 
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The abutment is therefore quite safe against overturning and there i. no tension in the 
II18I>Onry. ;For Intensity of l'reooure in mRsonry :-

E= 1'33 
19'75 

y=--
2 

A= I9'75X55'5 
19 '75 xI9 '75 

K'=----
12 

1..1 EY 3850 1 '33 xI9 '75 12 
S= - (1 ± -) = (1 ± X ) 

A K' 19 '75 x55'5 2 19 '75 x19 '75 . 

7'98 
= 3'62 (1 ± --.1=3'52 x1'405 

19'75 

= 4 '95 tons/sq. !r: 
= 771b.jsq. in. ma.«imum Jl~essure 

Inner toe. 

and 3 . 52 X '595 tons. 
= 2 '.1 tons/sq. ft. = 32' 6 Ib./sq. in. minimum Pressure 

Riversid e toe. 

Oa8e 3.-Final conditiot<8. 

Calculatioll& :--

V erticalload.. R. L. 219 to R. L. 238'5 Load in Arm from Momente 

tons. left face. 
(a) Pilaster, 8x1'5X19ix150 lb. 

Upstream gate arch, 1 X8X19!X150 lb. 
Between ribs, 10X16x19ix150 lb. 
Downstream gate arcJ,t, 2 x5x19! x150 lb .. 
Pilaster, 8x1x19lx150 lb. .. .. .. 

R. L. 215 to R. L. 219. 

=15'7 "'\ 
=10'4 1 
=209 . >
=13'051 
=10'4 J 

258'50 

.... "S 'r :-'.-: 
........... (b) lOx29x4x150lb, .. =78 

:: 14·8' ee) Under Gate Bridge, 30'5x14'87x 

1 
39 X 150 lb. =1185 

'U:I7G" '1--:--\ :--_·75-... 

'H •.• ,S T,"··" 
.! 

~.2ol .I t-' --,--! 
....-.9· ---' , 

(d) Under llo~~' Bridge, 
25x7'25 X14x150 Ib" =170 

Q.rried Forward . 1691'55, 

5' 

1292 '71i 

5 390'00 

7'6 9006'00 
(graphically) . 

8'3 1410'00 
(graphically) • 

, 12098'75 
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Load in Arm from Moments 
tons, left face, 

Brought Forward. 1691'55 12098'7/) 
·-~,ZQI -rr-.3

.
s ...: 

,In 
N 

Under Road Bridge 25x16'62x25x150 

R L_I?~ .1+-_---:-\ 
~15·7S·~ 

lb, = 696 8'4 5850'00 
(graphically) , 

2.387'55 17948'75 

17948'75 
----ft, 

2387'55 

.'. Resultant of all vertical forces acts = 7'52 feet from base of abutment. 

The total weight of 2,387 tons il; compounded with thrust of the Gate Bridge and Road 
Bridge arches and also the pressure of earth behind the abutment, The net resultant of these 
as per drawing No. 50 come to 4,400 tons, cutting the base of abutment 3" from centre. 

The abutment is therefore quite safe against overturning and there is no tension in 
the masonry. 

Pressure at Base of Pier;- . 

E= 0'25, 

A= 19'75x55 '5. 

19'75 
y=---

2 

Q EY 4390 O'25x19'75 12 
S= -(I ± -)= - (I ± X ). 

A K" 19'75 x55 2 19'75 x19'75 

Prusure on Bt.lfld. 

Foundation slab. 

1 '5 
= 4'05 (I± ~-) = 4'05 (l +'07), 

19'75 

= 4'35 tons/sq. ft. 
67' 5 lb./sq. in. maximum. sa,,! 68 lb. 

PreslltWe at Riilef'Bicle Toe. 

and 4'05x '93 

. . 
:-" 
I " I • 

111·75 

,!"' ..... r'~c" .... - ,..,- 75 

= 3'76 tons/sq. ft. 
= 585 lb. 

. 
• 

say 58 Ib./sq, in, minimum presa:u8 
at inner toe. 

.... "= 
J," I. 

Weight of slab = 41'7ISX80xll at 88 lb. = 1.440 toD8. 

• 

• 
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Neglecting upward p~ure of water at one comer acting at centre of slabs, Compounded 
- with weight of abutment this gives a resultant on diagram, cutting the bottom of foundation 
S' from centre and II,BOO ton.. normal, 

" Q EY· E=O'25 
8=-(1 ±-) 

A K' A= 4l'75xBO. 

6BOO O'211X41 '75 12 
- ---(1± ----x ) 

BOX41 '75 2 41'75X41 '75 

1 '5 
= 1'74 (1± --I = l'74x1 +'036 

41'75 . 

= l'B1 tnm/sq, ft, = 2Blb, sq, in, maxilllum P,essure 
and 1 '67 tons/sq, ft. = 26 lb,/sq, in, minimum Pressure. 



SET No. V. 

Drawitlfl No. 51. 

LAND ABUTMENTS OF qATE BRIDGE. 

The two separate arches of this bridge are each fOll!lded on long abutment walls 13'and 10' 
thick respectively joined together by cross wallsS'thick at their extremities thus forming a 
heavy hollow rectaugular structure below formation level. This structure is supported on a 
foundation slab of solid masonry 10' thick, 55' long I)y 55' wide. ' 

It has been assumed that all these walls act together as one structure, s upporting the thrust 
of both arches. The calculations show that the l'e/!ultant thrust is well within the middle third 
ofthebasewidtli, the maximum intensity of pressure inthe masonry beiug 45 lb./sq. in. or2'88 
tons/sq. ft. The pressure of the above structure is distributed over the masonry foundations 
giving a maximum intensity of pressure on the sand below of 38'6 lb./sq. in. or 2'4 
tons/sq.ft. Oalculations. 

'Potal weight of abutment. 

N.B.-Decking and lift flow partition walls are neglected. 

Details as per estimate. 

Arm - Cubic Weight from 
feet. at 150 lb. lower 

edge. 

L. 180'5-183'5' .. .. .. .. 6,075 407 221 
183'5-186'5 .. .. .. .. 5,483 378 22! 
186'5-189'9 .. .. .. .. 5,104 344 23 
189'5-192 .. .. .. .. 3,949 264 231 
192 -200 .. .. .. . . 11,396 762 231 
200 -208 .. .. " .. 11,100 743 23 
208 -215 .. .. .. .. 9,453 634 221 

Total .. .. 3532 .. 

Deduct Central Well .. . . .. 8,490 568 221 
, 

Net Total .. .. 2,964 .. 
'Add above R. L.215. R. L. 215-219 

2x35'5x4xl:! at 150 lb. .. .. .. 
, 

.. 123 22 
Spandrils, R. L'219 to 238'5 
Upstream Arch, 31 x19!x8 at 150 lb ... .. .. 324 24! 
Downstream Arch, 311 x19! x5 at 150 lb., .. .. 206 24 
Pilasters-
4x8'5x2x7'5 at 150 lb. 

4x8'5xl!x16at 150 lb. .. .. .. .. 89 20 

Tot",l .. I 3,7061 .. 
85584 

The r.llluitant weight of 3,706 therefore acts at a distance= --' feet. 
3706 

Moments. 

9,158 
8,505 
7,900 
6,200 

17,950 
17,100 
14,270 

81,083 

12,780 

68,303 

2,700 . 
7,857 
4,944 

. 
1,780 

85,584 

=2:l feet frow lower edge. 



177 

This weight of 3,706 tons compounded with Combined thrust of the Gate Bridge arches 
gives a resultant of 4,125 tons cutting the base at 2'5 feet from c~ntre, the normal pressure 
being 4,100 tons, -

E=2'5 
A:tea =45 x 45-161 x 19=1,860 

45 , 
• 4' I , y=-

2 

;... .. 5-1 --r I=45-1O (161)' 

-. ' .. 
• 12 0'-L 

J = 41,00,000-45,000 

12 
- 40,55,000 

Q YE 
S=--(I±-) 

A K' 

12 

• 

40,55,000 

1,860x12 
4,100 2'5x45 1 

= --(1+ x--) 
1,860 2 181-5 

= 2-20 (1±'31) 

M ammum inteMity of Pressure at base of abutment is therefore-
2-20x1'31=2'88 Ions/sg, 

=45 Ih,/sg, in, at outer toe, 

Minimum intensity of Pressure-
=2 '20 X' 69 _ I' 57 Tons/sq_ ft, 

=23-6 Ib,/sq, in. 

Intensity of.PrBBBttre in Sand in foundati0n8_ 

181'5 

The resultant of 4,125 tons when compounded with the weight of the foundation Block 
(55X55 xlO at 140 = 1,890 tons) gives a resultant which cuts the base 2'3 feet from 
centre, the normal pressure being 5,990 tons, 

E = 2'3
8 

= Q( llY ) =- 5,990_ 

A K' 55x55 
A = 55x55 

15 
Y=-

2 

1'98 (1±'25) 

,', Maximum intensity of pressure = 1'98 x1'25=2'48 tons/8q,ft, 
= 38' 6 Ih,/sg, in, 

and Minimum do, = l' 98 x '75 = 1 '48 tons/sq, ft, 
=23 Ib,/sq, in, 



SET No. VI. 

Drawing No. 52. 

ROAD BRIDGE ARCH. 

The syst~m of loading is explained in paragraphs 182 to IB6 ante. 

As mentioned in paragraph 271 it has been assumed in cas~No. I that masonry wmd:l weigh 

160 lb./c.ft. This gives the worst possible conditions, using the hardest stone which is not 
necessary. In Case No. II the wei,ght of masonry has been taken at 150 lb. per c.ft., which 
represents actual condition with the stone recommended. The two cases show that under 
the actual conditions the stresses are lighter than in Case I (with the heavier masonry) . 

• 
In Case No. I the maximum intenRityof preSRure in the arch ring at crown is S161h./sq. in. 

or 20 S tons/sq.ft.andat the joint ofmptur,' SHIh./aq. in., or 20 tons/aq. ft. 

In Case No. II the maximum unit d pr""c-ure in th" "lI'h rin!! at '"F"wn is sn:llb./~q. in. or 
19'2 Ions/sq.ft. andat the.ioint ofrupturei$ 298lb.lsq. in. or 19'1 tons/sq.ft. 

Case No. I. 

Ass uming weight of masonry 160 lb./c. ft. arch full width of road 25'. 

DetaUi<. 

Span=60 feet. 

Arches Elliptical Ri,e 

Thickness a t Crown 

" " Springing 

Spa ndril depth 

.. 10 feet . 

.. 2'-9-

.. 4'~' 

6- at Crown. 

(I) Note :-All spandril filling less than 12" to be 
done.in cement concrete. 

T 
I .. 
• 

(2) Total overloa.d above spandril. 

(a) Dead Load :-

:-~~ 1 
=======t.l-'~~-----L~ .. -

Parapet cap. 

" 
walls 

2 x60 xl '5 x '5 xl60 

•. 2x60xlx4'5x160 

Footpaths. concrete.. 2 x60 xS'5 x66 xl50 

Pavement 2 x60 xS '5 xS' xl60 

Kerb 2 x60 x6' x12" xl60 

Road metal 1 x60 xl6 xS" xl50 

i.e .. 265.200 lb. divided over a 25 feet arch, 

. Per foot rnD = 10 ,6011 lb. 

" 
sQ" foot.=176'1l l~. 

\7'1 
"'lllivalent to thiel-n ..... of rnn""nry of -- feet = l'll feet. 

160 

=14,400 lb. 

=S6,400 .. 

=42,000 " 

=16,800 '. 

= 9,600 .. 

=9£,000 :t, 

265.900 lb. 
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(b) Live Load. 
Crowd of people. 100 Ib./sq. ft. 

1;1----- 2'; -~~-~I; 

. 
25 --~----~ 

on a width of 24 .ft.=l x60 x24 ><100=144.000 lb.· 

Add to llveload 13 p.c. per Fap"s Rule 1«> br~ 
to equivalent. deaello&<!' 

Divided on a 25' arch, per foot run=6,508 lb. 
Per sq. foGt=108'5-, say 109 lb. 

109 . 

18,720 
as 162,720 lb. 

equivalent to a thickness of masonry of -- ~ '68 feet. 
160 

. • Point load.. 

. AI A 

AlB 

(0) Add weight '1 Traction engille:- 15 to~ on two allies • 

9 
Per foot = - ton. 

25 

2240x9 
= ----

25 

6 tons on 25 feet. 

. distribl1t1ld.. over whole 25~ 'width of arch • 

=8091b 

2240x6 
. '. Per foot width = ---- =537 lb. 

25 

• • • We have loads on arches :-
Equivalent thickness of masonry 

(a) Dead load ., l'Il ft. 

(b) 
(0) 

Distributed live load .. 0' 68 ft. 

Point loads-

Traction engine-
Rear axle. 809 lb. at A 

Frout ,. 537 lb. at 1\ 
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The weight of each Voussoir and over load is taken from the measured areas and the 
diagram and point loads added as follows :- ' 

Loads. Diagonal OJIsets. Mean Each at Progres· 

efIset. 160Ib./dt. Total. sive 
Total. 

Peint Load A · - . . .. -. -. 809 809 809 

VOUSBoir 1- , 

VOUS80ir No. 1 · - 4'8 2'3 2'3 2-30 160x4-8 x23 
=1.770 

Overload No.1 · ., 4'6 2'0 2-1 2-05 , 1,510 
3,280 4,089 

VOUSBOir 1I-

Vou8soir No.2 · . 4'8 2'3 2'3 2'3 1,770 
. 

Overload No.2 · - .4'7 2'10 2'35 2-23 1,675 
3,445 7,534 

VOUB80ir llI-

VOUBSoir No.3 · - 4'8 2'3 2'3 2'3 1,770 

Overload No.3' · . 4'8 2'25 2'6 2'42 1,860 
3,630 11,164 

Point Load B · . . . .. . - . . 537 537 11,701 

VOUBBOir IV-

VOUSRoir No.4 · . 4'8 2'30 2'25 2'30 1,770 . 
Overload No.4 · . 5'1 2'5 3'0 2'75 2,240 

4,010 15,711 

VOUBSOir V-

V0U8S0ir No. 5 · . 4'8 2-35 2'30 2'32 1,785 

Overload No. 5 · . 5-5 2'75 3'40 3'08 2,710 
4,495 20,206 

VOUBBOir VI-

-
VOUBsoir No.6 .. 4'8 2'4 2'3 2'35 1,807 

Overload No.6 .. 6'15 3'05 3'8 3'42 3,360 , 

5,167 25,373 

I VouBsoir VII-

VOU88oir No.7 .. 3'5 1'8 1 '6 1'7 955 

Ovetload Nt'. 7 .. 6'3 1'95 2'20 2'08 2,090 

I I I 3,045 28,418 
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DmF1 
, 

Offsets. Mean Each at Progrea-
Loads. offset. 160 lb./c. ft. Total. eive 

- Total. 

, 
-

VOUl\BOir Vlll-

Voussoir No.8 · . 3'05 1 '80 1'65 
, 

1'73 1,010 

Overload No.8 · . 7'10 2'0 2'3 2'15 2,440 
-

3,450 31,868 

VOUBSOir IX-
-

Vousaoir No.9 · . 3'85 1'85 1'65 1 '75 1,080 

Overload No.9 · . 8'0' 1'9!> 2'25 2'10 2,580 

, 3,760 35,628 

, 

VOuaBOir X-

Voussoir No. 10 · . 4'20 2'1 1'7 1'9 1,280 

Overload No. 10 · . 9'1 2'0 2'4 2'2 3,200 

4,480 40,108 . 
VOUS80ir XI-

Vous8oir No. 11 · . 5'5 3'3 1'7 2'5 2,200 

2'851 
-

Overload No. 11 .. 10'7 2'35 3'35 4,870 

7,070 47,178 

4,1,178 

Orand total .. 47,178 lb. 

i.e .. 21'1 tons pet foot width whole arch 527'5, say 528 tons. 

The line of pressure is then drawn from these loada and it is found that it cuts the middle 
third tlIttremitiesat orown and at joint No.7 where the normal pressures are 62,600 and 69,000 lb. 

ze8pectively. 

The llUlXimum intensity of pressure at these joints therefore is 

(1) Thrus' at Of'01/!f& where line of pressure just touchea upper third. 

2Q 62600x2 
s = -- = = 316 lb./Bq. in. 20'3 ton8/sq. ft. 

A 12'x33,' 

(2) At joint of rupture No. 7 

where line of preasure i ust touches lower third. 

2Q 2 x69000 
s =--= = 311 lb./sq. in. = 20 tons./sq. ft. 

A 12"xS7" 
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Oase II. 

When weigkt 0/ 'I1IIJ8011ry per cubic foot is taken a" 150 lb. 

'Dead Load-

as per calculations on page 178. 

176'8 Ib./c.ft. 

Live Load-

equivalent to masonry at 150 Ib./c. ft. 

176'8, 
= 1 '18 feet thick. 

150 

as per details on page 179. 

109 1\1./c. ft. 
equivalent to masonry at 150 lb. 

109 
-- = '73 feet thick. 
150 

Total addition to spandril for dead and live loads will be 1 '18+'73 :;=1'91 feet 
of masonry in place of 1'79, i.e., '12 feet,extra. 

Areas of ea<:h voussoir and overload taken from measured areas on diagram. After adding 
'12 feet above, the Loads will then be-' 

Weigbt Weight Add Total IProgres-
Loads. at 160 at 150 lb. '12 strip weight. 'Total. I sive 

lb. at 150 lb. I Total. 
. 

Point Load A .. . . .. .. .. .. .. .. 809 809 

VODSsoir No.1 . . 1,770 1,660 .. 1,660 

Overload 
" 

.. .. .. 1,510 1,415 71 1,486 
3,146 3,955 

Voussoir No. 2 .. .. .. 1,770 1,660 .. 1,660 

Overload 
" .. .. .. 1,675 1,570 72 1,642 

3,302 7),57 
Voussoir No.3 .. .. .. 1.770 1,660 .. 1,660 

Overload 
" .. .. .. 1,860 1,750 70 , 1,820, 

3,480 10,737 

537 1l),74 

Poiut. Load B. -

VOllS90ir No.4 .. .. .. 1,770 1,660 .. 1,660 

Overload 
" 

.. .. .. .. 2),40 2,100 72 2,172 
-- 3,832 15,106 

VOUSBOir No. IS .. .. .. 1,785 1,670 .. ].670 

Overload " 
.. .. .. .. 2,710 2,540 72 2,612 4,282 , 19,388 

VOU8S0ir No. 6 
. ],807 1,695 

, 1,695 ' ' .. .. .. 
Overload " .. '" .. .. 3,360 a,15C)' I 70 3),20 

I --- 4,915 I 24,303 

.. 
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Weighr Weight Add Total Progres-
Load .. at 160 at 150 lb. '12 strip weight. Total. sive 

lb . at 150 lb. TotaL . 
• , 

VOUssoir No-. 7 . . · . . . 955 895 .. 895 

Overload .. . . .. .. • 2,090 1,960 36 1,996 

. . 2,891 27,llK 

V01l&80ir :No.8 .. · . .. 1,010 945 .. 945 

Overload .. .. .. 2,440 2,290 - 38 2,328 
" 

3,273 30,467 

VOUB80ir No. 9 .. .. , . 1,080 1,010 .. 1,010 

Overload 
" .. .. .. 2,680 2,510 36 2,546 

3,556 34,023 ,. , 

Voussoir No. 10 .. .. .. 1,280 1,200 .. I ' 1,200 
. 

Overload 
" 

.. .. .. 3,200 3,000 38 3,038 
4,238 , 38,261 

Vousaoir~No. 11 .. .. .. 2,200 2,060 .. 2,060 

Overload 
" 

.. · . .. 4,870 4,560 43 4.603 
6,663 44,924 

Gra nd Total I .. .. 44,924 44,924 

With these loads the line of pressure is. drawn on the diagram and it i. found that it 
cuts the middle third extremities at crown and at joint No.7, the normal, pressures ai 
these points being 60,000 lb. and 66,200 lb. 

The maximum intensities of pressure will therefore be at crown. 

2Q 2 x 60,000 
S = - = 303 Ib./sq. in.' = 19'5 tons./sq. ft. 

A 12'x33' 
at jrnnt 01 rupture No. 7 

" 

2Q 2 x 66,200 
'B = - = 298 IbJsq. ito. = 19' 2 "'mo./sq. ft. 

A 12'x37' 



SET No. VII. 

Drawing No. £)S,' 

GAT~ BRIDGE. 

Upstream Arch, 8' wide. 

The system of loading is fully explained in paragraphs 186A to 186F ante. The weight 
of the masonry is taken as 160 lb./c. ft. which gives more <levere conditions than will actually 
occur. (Vide Set No. VI, Cases I and II ante.) 

, The maximum intensity of pressure in the arch at C10'U1!' is SI5Ib./sq. in. or 20' S tons/sq.ft., 
and at joint of rupture is SI3lb./sq. in. or 20'2 tons/sq. ft 

Stability diagram for Gate Bridge upBtrmm MC"~ 
. (Arch=8 feet wide). 

Oa1cul4tions.-

(1) Point Loaels.-
(a) Load due to travelling crane-- . 

:.; 
:" , 
• , 

-----_ ... - ---" 

Weight..:with 3 tons load = 15 ton •. 

The worst position of the crane for the bridge arches will be when one pair of wlleels 
ooincides with the c. I. of the arch, thus. This assumes that the. crane track is laid on the 
arch itself. 

Assume the a. are 5' S' apart (same span as cross girders for floor) and that there 
are point loads under each wheel. (The load will actually be partly distributed by rails and 
longitudinal sleepers.) 

Now on 60' span, Fall says add only IS%=2 tons to live load for equivalent dead load=17 
tons 88 the crane may give partial shocks of S tons due to sudden lifting of load, add another 
3 tons making 5 tons added or about 33% of llve load. Total equivalent dead load = 20 tons 
or 10 tons per a:x:le. Hence total load at these points is 10 tons due to crane.' 

(b) Load due to Reinforced Concrete cross girders with floor and load.
Weight of 20· xl0· concrete girder 16' long @ 140 lb.=1·49 tons. 
Weight of Reinforced Concrete slabs-

16 x5'3 xSl· @ 140 lb. = 44 lb. 1 sq. ft. 

Distributed live load = 45 lb. 

Add 22% for impact as per Farr's rule = 10 lb. 

99 lb. 

say 100 lb./sq. ft. 
3'78 

Total load 16 x5', 1<100 lb. =-
5'27 

i.e., 2' 611 tons at each IUPPC rt. 
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(0)' Load due to compound girders carrying gates and counterweights-a& per calcu-
lations Set XI •• .. 25' 6 tons (including weight o~ floor). 

81.1m'tr1M1J.- - -

The Point loads therefore are as shown below and on the diagram. 

. .' On each foot width.-

25'6 
-- tons = 7,160 lb. 

8 

2'63 
- tons =: 735 lb. 

8 

12'63 
~- tons = 3,540 lb. 

8 

The only additional load on the arches will be the distributed load due to

(a) masonry spandrils, 

(b) live load @ 45 lb./sq. ft. (equivalent of 56 lb./sq. ft. dead load) on the width of 

the aroh itself, 

(0) the parapet waIls, 

(d) the traveIling motor trolley for inspection and for working machinery-the weight 

of this is negligible. It will be less than t ton probably, 

The parapet walls are 3' 6'xl' = 3'5 sq. ft./ft. run 
3'50 

8 
, 44 ft. of ma..onry over 

full width (8') of arch. 

The width of arch left for people to stand on is 7' 

Taking equivalent dead load as 56 lb./sq, ft. = 7 x56 = 392 lb./ft. run of arch. 

392 

2'45 

=--- = 2'45 ft. of lWl..unry. 
1110 

or divided over 8' width = -- . 31' of masonry. 
8 

• • Total di,tribute<lload above top of srandri!&= '44+ 31' '75 

= say '8 ft. 
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The weight of each voussoir and overload is taken from the measured areas on diagram 

and point loads added as fonows :- . 

, 

Hon- Weight 
Progres-Dia- zontal Offsets, Mean at 160 Tota!. sive -- gona!. oftset. Ib, per length, Total. -- c, ft, 

---.-

Voussoir No. 1-

Overload , , .. , . .. 4 2'3 2'4 2'35 1,504 

Pointload .. .. .. .. 1'5 26x2240 .. 3,540 

Voussoir 1 .. .. , , 4'94 .. 2'42 2'31 2'37 1,869 
6,913 6,913 

. -

Voussoir No, 2-

Overload .. , , , , .. 4 ~'4 2-16 2'58 1,651 
I 

Pointload .. .. .. .. 1'526 x2240 .. 3,540 

Voussoir 2 .. .. .. 5 .. '-2'3 2-'42 2'36 1,888 

• 7,079 13,992 
. -

Voussoir No, 3-

Overload .. .. .. .. 4 2'76 3'4 3'08 1,971 

Pointload .. .. .. .. '35 25x2240 .. 735 

Voussoir 3 .. .. .. I) .. 2'30 2'45 2'37 1,900 

I 4,606 18,598 

Voussoir No, 4- I 
. I 

Overload .. .. .. .. 4 3'4 4'3 3'85 2,463 

Pointload .. .. .. .. '35 25 x2240 .. 735 

VouRsoir 4 .. , . .. 5 2'26 2'52 2'39 1,912 . .. 
I 5,110 23,708 

VouSBoir No, 5-

Overload .. .. .. .. 4 4'3 5'6 4'95 3,168 

Pointload .. .. .. Nil, 

Voussoir 5 " .. .. 5'1 .. 2'32.2'62 2'47 2,015 
5,183 28,891 

•• 
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- -

- -

Dia- Hori Mean Weight Prog_res; 

-- gonal. zontal Offsets. oflset. ~t 1601b. -1fotat: - !live-

length. pel: c. ft, Total. 

, .---
0 

VouBSoir No, 6-

Overload .. .. .. .. 4 0'6 7'32 6'46 4,134 

Pointload .. .. .. .. '35 25 x2240 .. 735 

VOUSBoir 6 .' .. 5'32 .. 2'4 2'75 2'58 2,192 
7,061 35,952 

- - - -
Voussoir No. 7-

--
Overload .. .. .. .-, 2 7'32 8'46 7-89 2,524 -

Pointload - - Nil. .. .. .. , 
"---. I --

Voussoir-7 :, , - 4-1 1'6 1'96 1'78 1,168 
. .. .. - .. 

3,692 39,6404 
, 

Voussoir No. 8-
--. - .~ .. 

Overload .. .. .. ,', j! 8'46 '976 9'U 2,915 , 
0 

Pointload .. .. .. .. 3'20x 2240 .. .. 7,160 
-

Voussoir 8 " .. .. 4'16 .. 1'7 2'1>8 1'89 1,258 
11,333 50,977 

, -
Voussoir No. 9--

Overload .. , . .. .. 2 9'76 11'4 10'58 3,386 

Pointload .. .. .. Nil • 

_ Voussoir No, 9 4'35 1'75 2'22 ' 1'98 1381 -.. .. .. 
4,767 55,7« 

Voussoir No, 10-
• 

Overload .. .. .. .. 2 11'4 15'52 13'46 3,987 

Pointload .. .. .. .. .. 3 '20 x2,240 .. 7,160 

-
Voussoir 10, - .. .. 4-65 .. 1'78 2'53 2'15 1,603 

12,750 68,494 

VouBSoir No, 11-

Overload .. .. .. .. 2'5 13'52 20'28 16'90 6,760 

Pointload .. .. .. .. .. Nil, .. .. .. 

Voussoir 11 , , .. .. 7 .. 2'51 4'12 3'32 3,713 
10.473 78,967 

Grand Total , , .. 78,967 
i,e, 35 
tons, 
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The line of pressure is then drawn from these loads and it is found that it cuts the middle 
third eliltremities at the crown and at joint No, 5, where the normal pressures are 68,000 and 
117,800, respectively, 

The maximum intensities"of pressure therefore are :-" 

(1) At crown-
2Q, d 

S = - because E= -
A=36xI2 A 6 

2x68,OOO 
----

S6xI2 
= 315 lb,/sq, in. 
= 20'3 tons/sq, ft, " 

(2)" At joint of rupture No, 5-
Q = 36,900 x2 Q EY 
A = 3'2 xI2 xI2 S= (1 ±-) 
E= '5lxI2 A K' 

Y=I'6xI2 

K' =-- = -----
12 12 
=S'2 x3'2 xIlJ 

36,900x2 
- -'-----

S'2 xl2 xI2 

= 160'2 (l±'956) 

= SIS lb,/sq, in. 
= 20'2 tons/sq, ft, 

6'12 xI9 
(l±- ) 

3'2 xS'2 xI2 

., 



SET No. VIII. 
Drawing No. 54; 

GATE BRIDGE. 

DtnotIS!ream Arch (5' wide). 

The system of loading is identical with the upstream arch, except that there is no crane 
to be carried, and the reactions of the girders supporting the gates and counterweights are 
different in amo'!"t to those on the upstream arch. The poiltt loads are 1;herefore as shown 
below and on the stability diagram. The maximum intensity of pressure in the arch ring at 
crown is S16 IJJ./sq. in. or 2' 3 tons/sq. ft. and at joint of rtlp!w:e is SIS IJJ./sq. in. or 2' 2 
tons/sq. ft. 

Stability diagram for Barrage gate down stream arch '5 ' wide. 

Poin~ loads are as follows :-

Loads per foot widt!i.· 

.~l·82 
,"---.=9,770 lb. 

2'63 

5 
1,180 lb. 

(2) The only additional load on the arches will be the distributed load due to 

(a) masonry spandrils, 
(b) live load at 45 lb./sq.; ft. (equivalent of 5$ lb. per· sq. ft, dead load) 

on the width of the arch itself. .. 
(c) the parapet walle. 

3'5 
The parapet walle are 3' 6'xl'=S'5 sq. ft./ft. run = - = 0'70' of masonry over 

5 
full width of arch (5 ft.) 

The width of arch left for people to s'!and on is 4'. 
Taking equivalent dead load as 56 lb./sq. ft.=4X56=224] Ib./ft. run of arch 

224 . 
=--= 1'4 ft. of masonry. 

160 
1'4 

or divided over 5' width=--=0'1l8' of ... 'ma..«onty. 
5 

.', Total distrihuted load al!ove top'of spa.ndriIs 
=0'7+0'28 
= 0'98' 
= 1 ft. say. 
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The weight of each voussoir and overload is taken from measured areas on the diagram 
and point loads added as follows :_ 

•• 

~ \ Each 
Progreso' 

Loads. ~ i Diagonal Offsets, Mean at 160 Total. sive , oftset. lb. per 
Total. ,i:j <I 

C, ft, ~.s 

1 
Voussoir No. i- , 

Overload · . •• 4 · . 3'0 !J'l 3'05 4X3'05 
X 160 
=1,952 . 

Pointload .. .. · . '564x 2,240 .. .. 1,IBO 
, , 

VOUS80ir 1 · . .. .. 4'62 2'06 2'13 2'.10 I,MB 
4,6BO 4,680 

Voussoir No, 2-

Overload · . " 4 " 3'1 3:4B 3'29 2,105 

PointIoad .. I '564x 2,240 .. . . 1,IBO "I · . 
VOUSloOir 2 · . , ,I " 4'6B 2'07 2'17 2'12 1,5B7 , 4,B72 9,552 

Voussoir No, 3- I 

i 
Overload , , ,I 4- .. 3'4B 4'1 2'79 2,425 

Pointload , , .. I " '564x 2,240 .. .. 1,180 
I 

2'1B 2'13 1,602 Voussoir 3 I 4'70 2'OB .. .. .. 
5,207 14,759 

Voussoir No, 4- I 

Ovelload I 4'1 5'03 4'57 2,91B " 4 " "I · . 
Point load" .. · . '564x 2,240 .. , . 1,1BO 

Voussoir 4 " , ' · . 4'76 2'08 2'22 2'15 1,637 

Voussoir No, b-
5,735 20,494 

Overload .. , , 4 .. '5'03 6'32 0'67 3,635 

Pointload , , . N,1. -.. 
Voussoir I> .. , , · . 4'B5 2'10 2'32 2'21 1,715 

Voussoir No, 6-
5,350' 25,844-

Overload 4 - 6'32 B'l 7'21 4,614 .. , , · .-
Pointload , . .. .. '5 64x 2,240 .. .. l,lBO . , 
Voussoir 6 .. .. 5'03 2'17 2'48 2'33 1,871 

7,665 33,509 

• 
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l.; Each 
Progre at 160 

Total. Loads, Diagonal Offsets, Mean lb, per Slve 
,§ j' offset, c, ft, TotaL 

~-
-

-

oussoir No, 7-v 0 

. 

Overload .. .. !l .. 8'1 10'02 9'31 5,958 

21'82 0 

pointload .. .. .. - X2,240 .. .. 9,770 
5 

Voussoir 7 " .. .. 5'30 2'2 2'73 2'46 2,090 
17,818 51,327 

-
Voussoir No, 8-

Overload . . .. 2 .. 10'52 12'26 11'39 3,645 

Pointload .. .. Nil, 

Voussoir 8 .. .. .. 4'08 1'7 2'2 2'95 1,273 
4;918 56,245 

VOUBSOir No, 9-

Overload .. .. 2 .. 12'26 14'56 13'41 4,291 

21'82 
Pointload .. .. .. ---- )(2,240 .. .. I 9,770 

5 

Voussoir 9 ., .. .. 4'35 4"78 2'47 2'12 1,479 

I 
15,540 71,785 

-
VOUBSoir No, 10- I 

Overload .. .. 2 .. 14'56 20'5 17'53 5,610 

Pointload . . .. Nil, 

VOUBSoir 10 .. .. 6'2 2'25 3'8 3'03 3,000 
8,610 .. 

Grand T otal .. .. . 80,395 

= 36 tons, 

for 5 feet 8lOh - 180, 

The line of pressure is then drawn from these loads and it is found that it cuta the middle 
third at crown e.nd joint No.6 where the normal pressures aIe 57,000 and 66,200 lb, respectively. 
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Maximum intensities of pressure therefore are :-

(1) Th1'U8t at crown where lin.e of pres;ure just touches upper third. 

Q = 57,000 lb. 

s = 30xI2 
d 30 

E=-=-=5" 
6 6 

(2) Joint of Rupture No.6. 

Q = 6u,200 

A=2'94x12xI2 
d 

E=
fl 

2Q 2 x57.000 
.'. S = -- = ---- = 316'6 1lJ,/8g. ,,,. 

A 30xI2 . 

2Q 
... S = -- -

A 

2 x66,200 
-~- = 313 !b./8fJ..'''' 

2'94xI44 
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SET No. IX. 

REINFORCED CONCRETE SLABS FOR BRIDGE DECKING. 

This decking ha,s been designed to be enfuely removable at any point of the bridge for 
inspection of and acCess to any part of the gates or machinery. 1'hesiabs are 5'3' long by 
2' 7i' wide and 3i~ thick. Each slab iilcast with 4 holeS, one neik iiabh comer, 2i' diameter 
for drainage and lifting. They will weigh about 600 lb. each, and eight men (two at each 
comer) would be able to lift them on ropes and carry to one -side for stacking. They are 
supported on reinforced concrete girders which could also be easily removed, if necessary. If 
a removable floor is not oonsidered necessary, a oontinuous slab floor_ could be more cheaply 
made. 

One advantage of the removable floor is that aU slabs and; girders can be made in the 
yards at any convenient time, without centering, and be ready to place in position when 

needed. 

Ie 5·a, '= U·G, 
, 

Ii , 

G ".J.e;. G 
Take load as 200 Ib./sq. ft. including weight of slab which is about 44 Ib./sq. ft. 
Load for full slab = 5'3 x200 = 1,060 lb. 
Maximum bending moment per foot width taking span from centre ~o centre of beam. 

'=, I/BWI 
=-8- x 1,060 x5'3 x12 inch-lb. 
= 8,427 inch-lb. 

Try 3' slab with two i' rods. 

0'22 
p= - ='0061 

36 

Area of steel = 2 xO'U = 0'22 sq. in. 

Area of ooncrete = 12 x3 = 36 sq. in. 

E, 
. . pn = '0061 xl0 = '061, if n = -- = 10. 

E. 

Then K = V(pn'+2pn-pn (Trautwine, p. 1,118). 

= VO'00372+0'122-'061 

= V'12572-'061 
= '3547-'061 
= '2937 
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(Trautwine, p. 1,118) 

8,427 '2937 (l-'0979) 
••• ~=fo 

12x9 2 

•.• fo = 590 lb./sq. in., which is within the permissible limit of 600 lb./sq. in • 

. The design wiD therefore be 88 foDows :-

.~ 

!:. 

~ 
.~ .. . " 
~ 

">- Co e .. ,. • .,. 01 .... '" ~ , .. 
-$-, . .. 

~ 
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.~~ 

~ 
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~ 
N 
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BET No. X. 

CALCULATlONS OF REINFORCED CONCRETE BEAMS TO CARRY 
FLOORING OF GATE BRIDGES OF BARRAGE. 

These beams will be cast with a tongUe at the top 3' wide and 3i' high along the centre 
line, forming a iedge of 3i' width on each side for seating the reinforoed concrete slabs. 
Oalculatiom. 

Loads:-
~ 

(a) Only a few people for works will be on the bridge and so a unifol'lll distributed 
load. of 45 lb./sq. ft. is , enough.' The equivalent dead ,load ,making 'an 
allowance of 25 % for impact will be =56 lb./sq. ft. 

(b) 3i' reinforced concrete slabs will weigh 44 lb./sq. ft • 

. '. Total load '= 56+44 = 100 lb./sq. ft. 
N.B.-The weight of the motor trolley will be much less than the weight of the 

crowd it will displace. 
The beams will be 5' 3 feetapart centres. The load on eaoh beam will be 

= 16 x5'3 xloo 
= 8,480 uniforming distributed load. 

• . Muimum bending moment for the 16 ft. span 
= i X8,480 X 16 ft.-lb. 
= 16,960 ft.-lb. 
= 203,520 in.-lb. 

Gammon's tables show that a beam 20' X 10' with three (3) i' rods iu reinforcement would 
be quite ample. 

T 
"'I' 
.; .o' 

••• J 

Area of S-i' rods = '9 sq. in. 
'9 " 

.'. p = = '00475 
19 X 10 

If n is ratio of elasticity of steel and concrete = 10 
.'. P n = '0475, 

. ". K = V(pn)' +:d pn-pp. (Trautwine p. 1118). 

= V('0476)' + '0?5-'0475 

= V'09725 -'0475 
- :3118-'0475='2643 

We have 

M 

K 
K (1 --) 

3 
- = fc ---- (Trautwine, p. 1118) 
bd' 2 

'2643 
0'2643 (1 - --) 

2,03,520 3 ' 
,---= fc 

10x19x19 2 

.'. fc 

0'2643 x '9119 
=fc 

2 
2,03,520 1 

- x-
10 X 19 X 19 '1183 

= 475 lb./sq. in. which is quite low and within 
the permissible limit of 600 lb./sq. in. 

Tlte beam will tJw40re hi! made 20' x 10' witll3 faa, I" diameter rpaced 3" 
apart"' 19' from lIUr!ace. 



S~T N:6. XI. 
Drawing No. 46 . 

. COMPOUND STEEL GIRDERS TO CARRY GATE· SUPPORTS, ETO, 

The rough design calculated and shown is not intended to be the final working drawing 
for these gir.ders. The provision of steel made is more than sufficient to carry the stresses, 
and the final design, which would be left to the construction engineers, would be more economical. 
That submitted is merely a diagramatio representation of the beams, providing more than suffi. 
cient material. 

The diagram at the left of the plan shows the reactions at either end of the beams, due 
to all loads supported. 

Calculations for Compound Beam to carry gates ahd counterweights, winches, etc . 

.. 

1 Counterweight .. .. 
Pulley , , .. .. .. 
Weight of beam and floor .. 
Pulley .. .. .. .. 

A frames .. .. .. 

Gate pulley .. .. .. 

" 

• i"' 
.. 

. 
j 

.. .. 

.. . , 

.. .. 

.. .. 
r .. -< 
l 

.. .. 

Load, 

A. . 
B 

C 

D 

E 

F 

G 
I 

.. I 

• • It-,,= . . ~; ... 

Tons, I Arm, 

26 1'875 

13' 3 6'375 

9'84 8' 0 

'},7 8' 5 

1 9' 75 

I 12' 75 -
16' 7 14, 0 

I 

94'84 ~-
=-' Maximum bending moment 

699'10 
,', Ann = -- = 7'37 

94'84 

, , P 

. ~nJ.Q ... 

94'84 x 8'63 
--- = 51'2 toni 

16 

43'64 .. 

Moment, 

-
48' 8 

81S' 0 

78' 8 

230' 0 

9'75 

12'75 

234'00 

699'. 10 
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51'1I 
, Note :-Since there are i girders on each rib, the reaction on each girder will be -- and 

. 1I 
{3'M 
- tons, respectively, i.e., 25' 6 and 21' 82 tons. 

2 . 

- T 

T 'i-
Maximum B.M. . P X 7'37 = lIl'811 X 7'37 

= 188 it. to~ 
Neglecting Bracing 

' .. 
-;. 

IlCII = I + area. 24'- = 260' 9 + (24' X 11'47) 

.. --..f-
= 260'9 + 6610 == 6871 

IXJII f 
M=-

y 

My Mx30'x12 

. _ f=--=-----
' .. 
.~ I:a 

188 X 30 

6871 X :I 

.1..,1 - --- = 4'93 tons 
6871 X .2 

.. I. per sq. in. for steel, which is quite low • 

The design of the beam will be two I beams joined together. 

Weight as follows :-
4 Plates 9" X 3' = 9 sq. ft. X 10'20 = 92 lb. 

" 
6' X 3' = 18 " .. X 10-20 - 184 

" 
2 Angles 21" X 2" X 1" X 24"@ 3'61 lb.} - 324 " 2'" 21" X 2" X i" X 21' @ 3'61 lb. 

12 " 
2" X 2" X i" X 3' @ 4'62 lb. - '167 

" 
4 " 

,2" X 2' X i" X 6' @ 4'62 lb. - 110 
" 

Total 877 lb. 
Add for rivets 272 lb. 

2 Girders (12 X 5) X. 24' @ 39 Ib./ft... .. 1,872 lb. 

Reactions at support will be 
, 25' 60 tons on 8' areA. 

21' 82 tom on 5' areA. 

Total .• 3,021 lb. 
= 1'35 to .... 



SET No. XII. 

Drawing No. 61. 

STABILITY CALCULA.TIONS FOR FLOOR OF REGULATORS. 

The floor is designed in exactly the same manner as the Barrage floor (see Calculations. 
Set No. I); i.e .• for founding on sand . 

. Head is 2()'. _ (20'0'5 H. F .. L. -180'? Canal Bed Level). 

~1) Hydraulic gradient required is 1 in 17 which gives length of weep required 340'. 

Total length of creep actually ·provided = 5 

The floor is therefore safe against piping. 

(2) Stability against upward pressure. 

30 
55 
6 
7'5 

40 
45 
5'5 
40 
7'5 
4 

70 
22 

3 

340'5 

Note.-1 foot of masonry of.specifio gravity 2'25, will have specific gravity of 1'25 
submerged. A.Ilowing one-t hirciexcess ,!eight for safety this will balance 

l' 25 X 1 feet head of water. 

when 

1 foot of ma.onry 6ubmerged will be safe when the balance of creep is 1'25 xl x17 = 15'93' 

At Point a 
Creep = 5+30+55+6+7'5+40+6'5 = 150 . 
. '. Balance of creep = 340'5-150 = 190'5 feet. 

190'5 
Masonry required = -- 11'9 feet. 1

jl 
provided = 12' 5 feet . 

15'93 

.. 
Poi"t b:-

Length of creep :-
Balance at a = 340'5~150 = 190'5 

Deduot a to b . 5'5 

• '. Balance of creep -

'. Masonry required = 
185 

15'93 
Masonry provided at b 12'. 

185 

= 11'58' } 
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Point c :-Length of creep -balance at b 

Deduct 8+1' 5 

=185 

9'S 

Balance of creep , .. = 175'5 . 

175'5 
, " Masonry required ' --

15'93 

.. provided at c 

Point d :-Balance of creep at c 

= ll'Oft,} 
= 11'3 .. 

= 175'5 

Deduc~8+1'5 9'5 

Balance of creep 166'0 

166 
,,', Masonry required = -- = 10'40' }' 

15'93 
" provided at d=11'3'-I'5+'S=10'60' 

Point e ,~Balance of creep at d = 166 

Deduct 8+1 = ·9, 

, " Balance of creep at e 157 

157 
, " Masonry required =--

15'93 
9' 86' } 

" providedate = 10'6-1+'8 = 10'4' 

Point f :-Balance of creep at e = 

Deduct 6+1 

Balancp at f 

150 
• '. MasoIll#' required =--

15'93 
" provided at f = 10'4-1+'6 

Point g :-Balance of creep at f 

Deduct 40+3' 5 

Balance of creep 

106'5 
• ' • Masonry required = --

15'93 
" provided at g 

Point lI,~Balance of oreep 'at g 

Deduot 7' 5-t4 

Balan oe of creep 

95 
• '. Masonry required = -

IS'93 
.. provided at 

.. 

157 

7 

== 150 

= 9'43 ft'} 
= 10 " 

- 150 

= 43'S 

106'5 

- 6'69 ft,l 
>-

= 10 "J 

= 106'5 

= 11'5 

95 

= 5'96 ft, 1 
>-

6 .. J 



Point i:- Balance, of creep at h 

Deduct 

Balance of creep 
30 

• '. Masomy required = ---
15'93 

.. provided at i 

Point j:- Balance of c:reep at i 
Deduct 22+5+3 

Balance of creep •• 
. '. Upward pressure mi. 

(3) Prorection against 8oour. 

. 200 

= 95 

65 

30 

= 1'88 ft.} 
= 3 't 

= 30 
= 30 

= 0 

In addition to the masonry apron the bed is further protected fora length of 85 feet with 
heavy concrete blocks on rubble, making up 196' from gates, i.e., about ten times the head. 

The bed is protected with 2' 0 thick pitching of loose stone for a further length. of 200' 

making up the totsl protection of 396 or about twenty times the head .. 

Hence the floor is safe against piping, against upward pres8ure and agaifllt 8cour. 

•• 



SET No. XIII. 

Drawing No. 65. 

STABILITY CALCULATIONS FOR ORDINARY PIER OF REGULATORS 
(LONGITUDINAL SECTION). 

AIl in the case of the Barrage piers it has not been considered necessary to calculate the 
cross sectional stability of these ordinary piers as the slight difference of depth of water which 
might exist on the two sides of pier (due to different regulation of the gates on either side) 
would have a negligible efteet in comparison with the great weight of the superstru<lture. 

The following stability calculations in a longitudinal direction show that the worst pos. 
sible conditions, i.e., with full flood level and wind on the river side and with an empty canal, 
give a mn,ximwm intensity of pressure in the masonry at the downstrean;> toe of the pier of 74, 
lb./sq. in. or 4' 76 tons/sq. ft. Also that the maximwm possib/£ intensity of pressure on the sand 
below the foundation block .will be ISlb./sq. in. or 1'IS tons/sq. ft :-

STABILITY DIAGRAM FOR ORDINARY PIER OF REGULATOR 
(LONGITUDINAL SECTION) .. 

Take the worst case when the road is at R. L. 215. 

Calculations. 

Vertic4l forces. 

Tons. Arm from Moments 
toe. at toe. 

I 
-

(,,) Pilaster. R.L 180' 5 to 219-
I X 5 X 38' 5 at 160 lb. .. .. .. .. 13'75 0'5 6'S75 

(b) Piers gate bridge up to springing R.L. 180' 5-202-
20' 5 x5 x21 i at 160 lb. .. .. .. .. 157'5 lit 1,773 

(e) Gate bridge arches upstream-
2 X47! tons (see calculations, Set XVII) .. 95~ 3' 285 

Between ribs 1 x4xl7 at 160 lb. .. .. .. 4'S6 J 3' 14'58 

(d) Masonry between ribs R. L. 202-219-
121 x5 x17 at 160 lb. . . .. .. .. 76 11'25 855 

(el Gate bridge arcues downstream-
2 x471 tons (see calculation. Set XVII) .. 

95 } 
19'5 1,850 

Between ribs 1 x4 x17 at 160 lb. . . . . .. 4'S6 19'5 94' 75 

(f) Pier tUlder road bridge R. L. 180' 1) to 202-
25: ... 5x211 at 160 lb. .. .. .. .. 192 34 6.528 
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Stability Diagram for Ordinary Pier of Regulator (Longitudinally~tI/d. 

Tons. Arm from Moments 
toe. at toe. 

(g) Road bridge-
2 x190 tons(see calculation& Set, XVI) .. · . 380 34 12,920 

I 

(h) Easewater, al'ea 15'38x24 at 160 lb. .. · . 26'4 49'21 1,300 

li> - . 
' .. ,. . l' 71 feet as found graphically. . ~ 

(i) Pilaster ~03-214-

I 
I 

lx5x11 at 160 lb. .. · . 3'93 47 

I 
184'5 

1,049'3 .. [ 25,812 
.. 

25,812 . 
Total resultant of vertical forces of p. =1,049 tons will therefore act at feet=24' 6 

feet. 1,049' 3 
Horizontal forcc$-

(j) Wind pressUIo on face of arches, spandrils and parapets at 50 lb./sq. ft. 

rr·~·~6.~.~·.~--------, 
• 1ft : 

o· 
~ . 
. tl' .. t.. ... 2,9g__. : 

-: ~ :--- 12·~ ....... 
~.·------cao· • 

Wind pressure 30 x20' 5 at 50 lb ... .. .. .. 
7r 

Deduct area of intrados - XI2!XI2! at 50 lb. .. 
2 

121 
acting at distance 4/3 x- = 5'3 ft. 

7r . 

(j) Resultant .. 

112'3 
acting at---=13'55 feet above RL. 202, i.e, at 

8'3 R.L.215·55. . 
. 

" (k) Wind on counterweights-

On two counterweights RL. 202 to 209-

Tons. Arm. 

13'8 10'2'5 

5'5 53 

-
8'3 .. 

I Moments. 

141'5 

29'52 

I . 

112'3 

25 X 7 X 50 lb = 3' 9 tons acting at 31 feet above 202, i.e., at RL. 205' b 
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(I) Wind on road bridge- Arm Moments, 

Area, Intrados of gate bridge 

Area, Intrados of road bridge 

... X25X25 lb. 

2 x2 x2 , 
..-X25x25 

5'3x,..x21ix25 

S 
3'54x..-x25x25 

3:54-----
2x2x3 12 

Tons. Moments. 

Resultant =.".X25X25x50 Ib.=l·83 , .".X25x25 ('663-'295). 
""'2i"" 

Acting at 

=..- x25x25X '368. 
". x25x25 
----x '36SX24 = S'83 feet, "e., R.L.210·83. 
... x25X25 

(m) Wind on pier 200' 5 to 202. 
5.x1tx50 Ib, = '17 tons at Ii.,L, 201'25, 

(n) Water pressure on pier and gate (Head 20 feet), 
20x62'5 

30x20x lb. = 168 tons actiIig at R.L, 180'50 
2 +6'66 

Horizontal forces taking moments at R.L, 180' 5, 

Foree. Acting 
atR.L, 

, I 
i .. .. .. .. .. .. 215'55 

k .. .. .. .. .. .. 205'5 
" 

I .. .. .. .. , . .. 210'S3 

m .. .. .. .. .. .. 201'25 

n .. .. .. .. .. ," 187'16 

" 
Total .. .. 

Q = Resultant of all horizontal forces = 182' 2 tons, 
1568'5 

187'16 

Arm R.L. Amount, Moments. 
180'5 

Tons. 

35'05 8'3 292 , 

25'0 3'9 97'5 

30'33 1'83 55'5 

20'75 '17 3'5 

6'66 168 1120 

~ lS2'20 1568'5 

Acting at feet =8'6' above R.L. 180'5, \,e" at R.L. 189'1. 
182'2 

Compounding these two resultants of all vertical and horizontal forces acting at the pier 

To find z 
p X z = Q X 8'6 

Q 
, • z=-xS'6 

P 
lS2'2 

=---xS'6=l'49 
1049'3 
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The resultant of all forces 1,070 tons therefore cuts base of pier 24'6+1'49 = 26'09 
feet from river face of pier, i.e.,26·09~25·1 = 0'99 feet from centre as shown below. 

r-----------~------------_r~--, 

• 

Q' 0: e. 
" w, 
u, 

. 50·2 

Intensity of pressure in masonry at base of pier. 
Q ' EY 1,070 50'2 12 

S =" - (1 ± -) = -- .( 1 ± 0'99 X --X ), 
. A K' 5x50'2 2 50'2 X 50'2 

. 5'94 
=4'26 (1 ±-) = 4'26 (1 ± '118), 

50'2 

, '. Maximum Intensity of Pressure-
= 4'26 X 1'118 tons = 4'76 tons/sq,ft, 

= 74 lb./sq, in, 
Minimum pressure = 4' 26 X ' 982 = 4'18 tons/sq, ft, 

= 65 lb./sq, in: 

Intensity of P,essure on sand at bottom of foundations. 
Snpposing weight spreads out at an angle of 45° where block is of minimum thicknesH, 
. viz" 10 feet. 

The base area will be 60 X (10 + 5 + 10) = 1,500 sq. feet. 

To find centre of gravity of foundation block below R.I •. 180' 5 (see estimates for details 
submerged masonry). 

Tons, Arm from Moments. 
front end, 

I . 
10 feet on each side. 

Portion A-20x5xlI'O at B81b ... .. , , 43'2 21 108 
B~20x9xI7'Oat 881b, .. .. .. 120 9! 1,140 
C-20x5x12'5 at B8lb, .. .. . , 49'1 16! 810 

Under Pier BC-5xI4xI5'5 at 881b, .. .. , , 42'5 12 510 
D-20x8xI2'4 at 88lb, .. .. , , 78 23 1,796 

Under Pier D-5x8xI5'O at 88lb, .. .. , , 23'6 23 543 
E-20x8xlI' 7 at 88lb, .. .. , , 73'!) 31 2,280 

Under Pier E-5x8XI3'5 at 88 lb, .. .. , , 21'2 31 657 
F-20x8xll'O at 88 lb .. , .. , ' 69'2 39 2,700 

Under Pier F-5x8xI2'O at 88 lb ... .. , , 18'9 39 737 
G-20x6xIO'7 at 88Ib, .. ' .. , , 50'5 46 2,320 

Under Pier G-5x6xll'O at B81b ... .. , , 13'0 46 597 
H-20xlI xlO'O at 881b .. , .. . , f6'4 Ml 4,710 

Under Pier H-5xlIxIO'O at 881b .. , .. , , 21'6 54! 1,176 

Total , , 710'7 Moments, 20,084 

20084 
, , Total weight of Block acts at 28'2. 

710'7 
feet from edge =28' 2 f. et. 

, 
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Upward p_sure ot water supposing it is the minimum at the outer toe. viz •• o' 6' head of 
water on the whole Block. 

Total upward pressure =(10+5+10) x60 x5·6x62·5Ib. 
= 235 tons acting 30 feet from edge • 

. The forces acting on the Block therefore are-

1+--- 2~H! --ol 
.. 

·UPWA~D ~~E&~U~& 

"' .. .,., ... ,.c.1l • .as TO." • 

. 
These forces compoUnded on diagram give a net resultant of 1,540 tons cutting bottom 

p.f foundation at 31 -6 feet from river edge. i.e., 1 -6 feet from centre, the normal pressure b~iJIg 

1,524 tons. 

Intensity of pressure; 

. . s= 2Q (1';" EY)= 1,524 
A Ko 25x60 (

1+1-6X60 ~) 
- 2 lC 6Ox60 

=1-016 (I ±'16) 

Ma:Dimum intensity 0/ pre8sure = 1-016xI '16 = J -ISI0'IIIJ/81J..jt. 
= 18-71JJ./8!J._ m. 

Minimum intensity of pressure = l'OI6xO'S4 = 0'854 tons/sq. ft. 
= 13·/slbs./sq. in. 



SET No. XIV. 

Drawing No. 66. 

STABILITY CALCULATIONS FOR ABUTMENT PIER OF REGULATOR. 
CROSS SECTION. 

Two cases have heen investigated. 

Calle I.-This shows allstresses 'when the pier is loaded wifllfullptessures from both gate
bridge and road-bridge arches, when the latter are complete and fully loaded on one 
side only of, the pier i it being assumed that flIe MCkes on oilier side have collapsed. 
To support Buch a load in the event of accident is one function of these abutment piers. 
The calculations show that the resultant at the base of the pier falls just outside 
the middle third (within the middle half) and that it would therefore cause slight 
tension on one side of the base. Under,these conditions the maximum intens.ities of 
pressUre will,be--' 

Compression 86Ib./sq. in. or 0'0 tons/sq. ft. 

Tfnsion 17 lb./sq. in. or 1'1 tons/sq. ft. 

If it is assumed that the masonry can' carry no ten.ion, then the compressive stress at 
the other edge of base will be 102lb./sq. in. or 6'6 tons pe,sq. ft. Thisis a very low 
figure and may be c~nsidered satisfactory for such extreme and unlikely conditions. ' 

The ma:cimumintensitfj ~f pressure on the sand b~low th~ foundation block (assuming that 
only a 10' width oftha continuous 10' thick floor on either side, acts with the pier) will be 23 lb. 
per sq. in. Of' I' 47 tons/sq. ft. 

Calle II.-'l.his shows the normal condit-ions when all arches and superstructure are com
pleted and both bridges carrying full loads. The maximum intensity of pressure 
in the mn,sonry at the base of the ,pier is 481b'/.sq. in. Of' 3'06 Tons/sq. ft. while the 
unifonn intensity of pressure on flIe sand below the foundation block is 30lb./sq. in. 
Of' 2'22 tons/sq. ft. 

Stability investigated at R. L. 180' 0 C. B. L. 
Loads. 

(1) Weight of abutmentpierfromRL.I80·oto 202 
46·oxlOx2I!@I50Ib. 

(2) Pilaster 202 to 219 
1 xlOx17'.@150Ib ... 

(3) Between Gate Bridge Arches , 
2 x6X4?<17'@ 150 lb. 

(4) Between up and down stream arches of Gate Bridge _ 

Ton:;. 

- 67<> 

- n', 
. 

-. 54'6 

, lOxI2!x17'@I50Ib. - 14';i 

(5) Between Road Bridge Arches 
oX25xI2'@150 lb. 

(6) Ease Water, 
area 

61'5x24'@ 150 lb. 

, 

.. , . 

- 10'1 

= 98'5 

Total • . 858 . 9 
say 859 Tons. 

acting at centre of abutment pier. 

-
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0_ I.-When tile atr:hu on 0fIe side ImlIl a'" built .md /ullllloaded. 
The thruate as per calculations Set. XVI and XVII when combined with the weigh. 

of the abutment pier give a reeultant 1,160 tons which outo baae of abutlllbn' 
pier at R. L. 180' 5,2' 5 feet from centre as per diagram, normal pressUre being 

1,146 tona. 

Q 
s=

A 

Intensity of prellBtm! in masonr:'r at base. ± 

area 46'5xlO+6]'5 = 465+~1'5 = 5?6·5sq. ft. 
EY 1,146 10 12 

(I±-) = -- (1±2'5X-X . } 
K' 526'5 2· IOXl0 

= 2'2 (1+1'5) 

M~um intemitll of pressure in masonry at Base of abutment pier 

= 2'2x2'5 = 5'5 tons/sq. ft. } . 
-. 8'6 Ib I' CompressIOn. _. . sq. m. 

Minimum intensity = 2'2x(-O'5) = 1'1 tons/s~~ ft. l Tenaion. 
= 17Ib./sq. m. f 

Supposing the masonry is incapable of resisHng by tension the whole thrust Will have to be 
home by the area in compressioll = 7'5' x46'5 (see diagram) and the awrage preesure here 

1,146 
will be 3' 3 tons/sq. ft. The. ml!ximum.int.ensity of pressure in masonry at 

. the out~r toe will be twice this, i.e .• 
= 6'6 10M/sq. ft. 
= 102 lb./sq. in.-This is the wor8t case. 

1 nI~mity oj pressure on Sand ~t botwni foundatWm. . . 
. I • • ", -~ ~ 

Weight of foundation block. Supposing weight sp~ads out at an angle of 45', wher<> slab 
is of the least thickness. viz., 10 feet. Area at base = (10+10+10) x60 =; I,BOO. 

See Estimate. Submerged masonry at 881b; 

Tons. 
Portion A 20)'( 5Xll·0.@ 88 lb. = 43'2 

" B 20x 9x17'0 @ 88 Ib.=120·0 
C 20x 5x12'5 @88 lb.·= 49"]' .. ., 

" Under pier B&C .• 10x14x15'5 @ 88 lb. = 85'0 
Portion D 20x 8~12'4 @ 88 lb. = 78'0 
Under pier D lOx 8x1S'0 @ 88 lb. = 47'2 

E .. 20x 8xIl'7@88 lb. -:73'5 
Under pier E lOx 8x13'5 @ 88 lb. = 42'4 

F .. 20x 8xll'0 @ 88 lb. =69'2 
Under pier F .. lOx 8x12'0 @ 88 Ib.=37·8 

G 20x 6X10'7 @ 88 lb. =50'5 
Under pier G lOx 6xIl"0 @ 88 lb. =26'0 

H 
:: } 30 xIl xl0'0 @ 88 Ib.=129·6 Under pier H 

/ --
Total =851 . 5 say 852 tons. 

From this deduct upward pressure. of water, supposing it is the minimum at the outer toe, 
t.i;:., 5' 6 feet head of water on the whole block. 

Total upward pressure=3.0x60X5·6X62·5Ib.=281 tons. 

Deduoting this from the weight of the foundation-Block both acting at centre, we get a 
net weight of 852-281 = 571 tons. 
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This weight compounded with the pressure a.t base of abutment pier, cn lhe diagram, give. 
a resultant i,730 tons cutting the bottom offoundation 2' 7 feet fronl centrP. the normal pressUl'fl 

being 1,720 tons. 

Intensity of pressure on sand therefore is':-
Q EY 1720 30 12 

S= -(1 :1:-.) = (1±2'7X- X . ) 
A K' 30X60 2 30X30 

='955 (1±·54) •. 
Maximum intensity of pressure :;= • 955 X l' 54. 

= 1-47 tons/sq./t. 
= 23 7JJ./sq. in. 

Minimum intensity of pressure = • 955 X • 46. 

= -44 tons/sq. ft. 
= 6·8Ib./sq. in. 

Average intensity of pressure being '955 tons/sq. ft. 
=114'9 7JJ./sq. in. 

Oase ll.-Final oonditions. 

When arches on. both sides a.re built and fully loaded-

Weight of abutment • _ • • . • 
Vertical component of gate bridge a;ches, 2x2x471 
Vertical component of road bridge arches, 2x 190 ., 

Tons. 

.. - 859 

.. = 190 

.. = 380 

1,429 
The horizontal components of the arch thrusts balance each other and the final resultant 

ie at centre. Pressure is uniform in masonry and intensity 
1,429 

=--- =3'06 tons/sq. ft. 
46'5xlO 

=48Ib./sq. in. 

I meMity of pre88Urt on sand at bottom of foundatWn. 
To 1,429 tons add weight of foundation block 852 tons and deduct upward pressure 01 

water ... ... •• ". 1,429+852 = 2,281 

Acting at centre and uniformly 'distributed-
2.000 

Intensity of pressure therefore = ---
30x30 

2' 22 tons/sq. ft. 

= 34:, 6 lb./sq. in. 
say 35 lb./sq. in. 

Dedutt 281 

2,000 

, 



SET No. XV • 

• Drawing No. 66. 

STABILITY CALCULATIONS FOR END ABUTMENT OF REGULATORS. 

The design of these abutments is similar .to that of the Barrage abutments and two similar 

conditions are investigated. 

Case 1. shows the condition with the abutment only built; and supporting Ike fuU load 
of carlhfilling, up to formation level, behind it, and with 1\0 water or other pres.u,e On tke canal 

side. This condition might exist for a short time during construction, but can be avoided. 
Under these conditions the resultant preSsure ralls slightly outside the middle third, and if the 
masOnry is con~idered incapable of resisting by ·tension, the m.aximum intensity of compressive 
Slres8 on the outer toe would be 91lb./sq. iii. or 5·86Iom/.q.fl. This is avery low and safe 

limit. 

If the masonry can carry tension the maximum intensity of compression would be only 

81Ib./sq. in. and the maximum tension would be 19Ib./sq. in. 

The assumed conditions of loading are so extreme, lind unlikely to occur, that the above 
results may be consiffered satisfactory. 

Case II. shows Ike normal wnditiom aftsr completion of work, i.e., with all &lches and 
superstructure completed and both bridges carrying full loads. The calculations show that 
the abutment is perfectly saie, the resultant falling well within the middle third, and tke maz'" 
flllUm intensity of p,.essure in tke masonry at canal bed level (R.L. ISO' 5) is 70 lb./sq. in. or 4' 50 

tons /sq. ft. 

The maximum intensity of pressure on the sand below the foundation block is 32lb./sq. in. 
81' 2' 06 tons/sq. ft., the average pressure over the whole base being 26 lb./sq. in. or l' 64 tons 

sq. ft. 
CakJulatiou8 fOT weighl of abut""",I •. 

, 

(1) Pilaster, R.L. 180' 5 to 219 
10xlx3S'5at 150 lb: 

(2) Gate Bridge .. rches, R.L. 180' 5 to 202 
2X4X12'7X21i at 150 lb. 

(3) Spandril, R.L. 202 to 219 . 2x4x8x 17' at 150 lb. 
(4) Between Gate Bridge arches 

. 12fxl0x17' at 150 lb. 
(5) Road Bridge, R.L. 180,' 5 to 202 

mean 
lx25x12'7x21i at 150 lb. 

(6) Spandril, R.L. 202 to 214 
25x7lx12' at 150 lb. 

I 
Total .. 

.. 6,113· 
acting at -- feet = 6'1 ft. from face. .. 994'4 

Tons. 

. 

25'S 

146 

73 

142 

457 

j Arm from I Moments. 
face. I 

5 129 
diagram. 

6'45 945 

6 438 

5 710 
diagram. 

6'45 2,950 , 
150'6 \ 6'25 941 

I 

994'4 6,113 . 

I 
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Case I.-If abutmenJ is Ixt.ilt up and eart" fiUing behind done up to road level, Imt- no arches. 

Weight of abutment. 994, tons at 6' 1 feet from face. Earth pressure as obtained from 
diagram- . 

15'1 
= 33'5x x 125 lb. per foot on 41! feet length (after allowing for connecting wall). 

2 • 
33' 5 125X 4,1! tonH. 

Total earth pressure=-- X IS' 7 X = 726 tons in direction, obtained on 
2 2240 

diagram. 

Compounding these two we find that the resultant of 1,545 tons cuts the base 4,' 15 feet 

from centre the normal pressure being 1,430 tons. 

Intensity of pressure in masonry at R.L. 180' 5 will be 

Q EY 1430 15'4 12 
8=-(1+-)= (1+ 4,'15x - X ) 

A K" 15'4,X4,6'5 2 15'4XI5'4 

24'90 
=2'0(1+-) 

15'4 

= 2'0 (1+1'61) tons. 

Maximum intensity of pressure = 2'OX2'61 = 5'22 tons/sq. ft. 
= 81Ib./sq. in. 

Minimum intensit.y of pressure = 2'Ox -0'61 = 
= -1'22 tons/sq. ft. Tension. 

= -1'9 lb./sq. in. Tension. 

If the masonry is incapable of resisting by tension, the area in compression alone will have 

to bear the whole pressure. 

1430 
The average pressure then will bi ---- - 2' 93 tons/sq. ft. 

46'5xl0'5 

Maximum pre8BUre being twice this 

Pressure on Sand in jounrJ.ation. 

_ 2x2'93 tons. 

- 5'56 tons/sq. ft. 
91 Th./sq. in. 

Quantity in foundation block as per estimate = 22.495 c. ft. 

22495 X 28! 
for 31 feet. So for 28i '= c. ft. 

31 
28! X 88 lb. X 22498 lb. 

Weight == 
31 

• 

1"---.' ----I submerged masonry - 515 tons. 

. • za 'Ie" ----: 

Add. uperstruoture-

R.L. 177'5 to 150'5 as per estimate 970 ft. at 88 lb. = 38 
---Tons. 

Total weight 853 

actiJ)g It centre of Block. 
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This compounded with the resultant at l3..L. 180'5 gives a resultant of 2,370 tons cutting 
base of fOlmdation at R.L. 107'5, S' from centre, normal pressure being 2,270 tous. 

Intensity of pressure on Sand therefore is-
Q EY 2270 3'28f 12 

S = - (1 ± - ) = (1 ± -- X ). 
A K" 28} x55 2 28. x281 .• 

= 1'45 (1+ '63). 

Maximum intensity of pressure = l' 45 xl' 63. 
= 2·44t07l8/8q·ft• 

= 37·8lb./sq. in. 

Cas. ll.-Final conditions. 

Compounding the resultant of arch thrust and weight of abutment 'with the earth pres
aure, we get a final resultant of 1,780 tons cutting at R.L. 180'5. 2'2 feet from centre, the 
'n~rmal pressure being 1,730 to?", 

Intensity of pressure :-
Q EY 1730 2'2X15'4 

S = - (1 ± -) = (1 + ----
A K' 15'4x46'5 2 

= 2'42 (l± '86). 

. . Maximum imensity of pr .. sure = 2' 42 xl' 86. 
= 4·50t07l8/sq·ft· 
= 70'0 lb./sq. in. 

Minimum intensity of pressure = 2·42xO·14. 
= .. 34 tous/sq. ft; 
= 5' 27 lb. /sq. in. 

12 
X ). 

15'4X15'4 

lmensity of pres ... re on sand below foundation. 

Compounding this with the weight of the foundation' Block we get a resultant 2,620 tons, 
. .,utting base l' 2 feet from centre, the normal pressure being 2,580 taus. 

Intensity of pressure on sand :-
Q EY 2580 1'2x281 

S= -(1 +-)= (1 ± ---
A K' 28fx55 2· 

Maximum imemity of pr .. su,. 

. ,~ . ~. 
Minimum intensity of pressure 

= i '64 (1± '25). 

= 1·64.xl·25. 
= 2'06 t07l8/sq.ft • 

= 32 lb./sq. in • 

= 1·64x·75. 
= l' 23 tous/sq. ft. 
= 19Ib./sq. in. 

12 
X ). 

281 x 2Bl 



SET No. XVI. 
Draluifl{} No. 117. 

STABILITY CALCULATIONS FOR ROAD BRIDGE OVER REGULATORS. 
The sylJtem oj loadifl{}.'-This was first worked out as shown below for an equivalent dis

tributed dead load of 200lb./sq. ft., which. calculations for the Barrage Road Bridge arches, 
vide paragraph 185 of Report, show to be as severe, as the more complicated system of anti· 
cipated loading, mz., a distributed live load of 100 lb./sq.ft., plus a heavy t~action engine at 
centre. Under the assumed loading of 200 lb./sq. ft. the stresses are so light that it was not 
considered necessary to make a further diagram for the anticipated system of loads, which 
would give almost identical pressures. 

The calculated ?1tlUl:i?1tum intensity oj pressure at the crown is 101 lb./sq. i'll. or 6' 5 t~/ 
sq. Jt., and at thejoi'lll oJruptwe is 106lb./sq. in. or 6'82 tons/sq.Jt. 

(25 feet road bridge carried on continu~)Us arch span 25 feet-rise 8' 33 ft. elliptical
thickness at crown 1'.6" and at springing 2'-6"). 

Calculations :-
(I) Point loads-

There are no point loads. 
(2) Distributed loads -

(a) Spandril top 6" above crown of arch over which the footpath and roaa metal 
will be laid. 

Dead load above spandrils -

Parapet cap .. 

" wall 
Footpath concrete filling 
Paving stone 
Kerb 
Road metal .. 

lb. lb. 

lX25xO'5xl'5atI60= 3,000 
lx25x4'5xlatl60 = 18,000 
25X7 XO'66at 150 = 17,500 
25X7 xO'25 at 160 = 7,000 

2X25xO'5xO'75 at 160 = 3,000 
25xI6 xO'66atI60= 40,000 

88,500 
lb. 

· . On 25' width of arch = 88,500 
· . Per foot strip = 3,540 
· . Per square foot = 141' 6 

= equivalent to a thickness of masonry at 160 lb. 

141'6 
= -- = 0'885 ft. 

160 

(b) Live load of 100 lb./sq. ft. on width 24'. 
. . Equivalent dead load = 200 lb./sq. ft. 
. '. Total live load = 24x25x200 . 

. 120,000 lb. on 25' width. 

= 4,800 lb. per ft. strip. 
= 192 lb. per sq. ft. 

equivalent to a thickness ~f masODrat 1~0 lb. 

192 
=-=1·2ft. 

160 
. , Total distributed load abo ve top of spandril = 0'885+1'2 ft. 

= 2'085 ft. 
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(c) Weight of ~oussoirS and Ilverloads are calculated from the measured areas on 
diagram and the total loads are then as follows :-

Loads, 

VOUSBoir 1 .. 
Overload 1 .. 
Voussoir 2 .. 
Overload 2 .. 

-
V~ussoir 3 .. 
Overload 3 .. 
Voussoir 4 .. 
Overload 4 .. 
Voussoir 5 .. 
Overload 5 .. 
Voussoir 6 , , 

OverlOad 6 .. 
Voussoir 7 , , 

OVerload 7 , , 

Voussoir8 .. 
Overload 8 .. 
Voussoir 9 .. 
Overload 9 , , 

Voussoir 10 .. 
Overload 10 .. -
VoWIBoir 11 .. .. 12 .. .. 13 .. 
OverlOads 11, 'll 

& 13 

Dis-

Mean gana1 
Diagonal, Offaet.a, offset, 

)( 

mean 
offset, 

2-44 1'16 0'98 1'07 2'60 
3'10 1'44 1'48 1'46 

, 
4'52 

2'20 1'06 1'06 1'06 2'33 
3'OS 1'68 1"44 1'56 4'82 

2'20 1'10 1'02 1'06 2'33 
3'22 1'38 1'50 1'46 4'70 

2'24 1'12 1'00 1'06 2'37 
3'46 1'40 1'56 1'48 5'12 

2'26 1'10 1'00 1'05 2'37 
3'80 1'36 1'56 1'46 5'540 

" 

2'32 1'12 1'00 1'06 2'46 
4'26 1'36 1'56 1'46 6'45 

2'36 1'10 1'00 1'05 ' 2'50 
4'84 1'24 1'40 1'32 6'80 

2'42 1'14 1'00 1'07 2'68 
5'52 1'20 1'40 1'30 7'38 

2'54 1'14 0:98 1'06 2'68 
6'40 1'06 1'26 1,'16 7'40 

2'60 1'26 0'96 I'll 2'87 
7'38 0'86 1'00 0'93 6'72 

- •• '.' ' • .t' 

2'74 1'22 0'90 1'06 2'90 
2'80 1'22 0'90 1'06 2'96 
2'80 1'14 0'98 1'06 2'96 

8'54 1'28 1'84 1'56 13'40 

Total per foot width 

, 
I 
I 
I 

1 

, , For 25' width = 17,090 X 25 lb. 
- 191 tons, 

Weight Pro-
at Total, gressive 

160lb, Total. 

-

416 
723 

1,139 1,139 
372 
771 

' 1,143 2,282 
372 
752 

1,124 3,406 
'379 
819 

1,198 4,604 
379 
886 

1,265 5,869 
393 -

' 1,032 
1,425 7,294 

400 -
1,088 

1,488 8,782 
428 

1,180 
1,'6OS 10,390 

428 
1,184 

1,612 12,002 
459 

1,075 
1,534 13,536 

464 
473 
473 

2144 

3,554 17,090 
Ib, 

, . 17,090 
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With theBe loada the line of ple88Ul'e iB drawn on the diagram. It ill found that it cuts 
the middle third extremities at crowD and at joint No.8, the normal pressure being 10,900 lb. 
and 15,000 lb. respectively. 

(d) The intensity of pr_ure in masonry arch therefore at crown is-
2 Q 2 X 10900 

s=-"=---
A IS" X 12" 

= 101Ib./sq. in. 
= 6'5 tons /sq. ft. 

(2) At joint of rupture No. 8-
2 Q "30000 

s=-=---
A 23t X 12 

= 106 lb. /sq. in. 
= 6'S2 tons /sq. ii. 



SET No. XVII. 
Drawing No. 67. 

STABILITY DIAGRAM FOR GATE ,BRlDGE ARCHES OVER REGULATORS. 

Sy8tem ofloading.-This is similar to the Barrage Gate Bridge ..rohes, which is fully 
explained in paragraph 186A to 186F ante. Details of all loads are shown below. 

The pressures in both upstream and downstream arches of this bridge are identical as 
the loading is symmetrical about the centre of the bridge. 

The maximum intensity of pressure in either arch at the croum joint i8 122 Ib./ 8'1' in. or 
7' 85 tons /sq. ft., and at the joint of rupture. i8 155Ib./sg. in. or 10 tons pe~:square foot. 

OalcuUUions , 
(1) Point loads.-

(a) Weight due to R.C. cross girders with floor load.-' 
Weight of 15" x 9" R.C. beams 121XI5'X9" 

at 140 lb. ..-
Weight of at' slabs 
Live load at 

.= 1,640 lb. 
44 lb. per'sq. ft ..• .. 45-Ib." " 

Add 22% for impact as per Farr's rule 11 

100 lb. 
100 lb. per sq. ft. 

Total load 12t' X 5'-3" X 100 lb. •• =. 6,550 lb. 

Total on two arches .• = 'S,190 " 
On each arch 4' wide •• ....:. '4,095 .. 

Total per foot . . • . .1,024 " 
(b) Weight due to girders carrying gates and machinery-

lb. 

39 lb. Rolled steel 'Beams to carry machinery, 121 X 89 lb. :: = 48S 
Machinery.. .. .. =22,400 
Slabs including crowd of people as per details above. 

121 X 3'-7i' at 100 lb... .... .. = 4,530 

e.; s.; On two arches 
On each arch 4' wide .. 
Per foot width ',0 .. 

(2) Distributed loads.-

• 
•. =27,418 

=13,709 
.. = 3,427 

(a) Above spandril S' thick at crown-parapet 3'xl'-eqtiivalentto I' thick 
masonry spread over the whole rib. 

(b) Crowd of people on 8' width of arch at 45 lb. /sq. ft. plus an allowance of 22% 
- for live load as per Farr's rule, i.e., 56 lb. on 3 feet distributed over 4' width 

56x3 42 
of arch = -- =42Ib./sq. ft. equivalent to - = 0' 26 feet of masonry. 

4 160 
Total distributed load above top <If spandril = '75 + '26 = 1'01, say 

1 foot of masonry, 
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Dia- l Mean 
Weight Pro-

I,oads. gonal. 
Offsets. 

offset. 
at Total. gressive 

160 lb. Total. 

. 
Point Zoad 1. 1024 

- 1,024 1,024 
Youssoir 1 · . ,. 2'60 1:30 1'16 1'23 512 

2 
, 
Overload 1 , . · . 4'6 1'95 2'05 2'0 1470 

, - 1,982 3,006 
Voussoir 2 · , · . Same as 1 512 
Overloa(l2 · , · . 4'7 1'95 2'15 2'05 1542 

2,054 5.060 
Voussoir 3 · . · . Same as 1. · . 512 
Point load · . · . .. .. ' · , . , 1024 
Overload 3 · . · . 5'10 1'90 2'25 2'07 1690 

• 3,226 8,286 
Voussoir 4 ,,' , , 2'26 1:16 1'06 , 1'11 405 
Overload 4 • • , . 5'70 1'40 . ~'65 1'52 1385 

1,790' 10,076 
Voussoir 5 .. , . Same as 004 405 
Overload 5 .. .. 6'50 1'30 1'55 1'42 1480 

1,885 11.961 
VOllssoir 6 .. .. ,2'32 1'22 1'08 1'15 427 
Overload 6 .. , ... 7'45 1'20 1'40 1'30 1550 
Point load .. .. .. .. ' .. 3427 .. 

,5,404 17,365 
VOusSoir 7 .. .. Same as 6 · . 427 
Overload 7 .. .. 'S'60 1'10 1'25 1'17 1610 

2,037 19,402 
V01l88oir 8 .. .. 3'26 1'52 1'40 1'46 762 
Overload 8 .. .. 9'90 1'45 1'85 0'95 1505 

2,267 21,669 
Voussoir 9 .. .. 3'32 ,1'58 1'46 ]'52 812 
Overload 9 · , 12'35 0'95 

, 1'2~_1 1'08 2140 .. .. 
, , . . . ' . . , 2,952 24,621 

V01l88oir 10 .. .. 3'40 1-64 1'50 1'57 855 
O"erload 10 .. .. 15'05 0'40 0'45 0'42 lOIO 1,865 26,486 . . .. .. , . 

• Total per foot 26,486 lb. 

For four feet width = 26486 X 4 lb . 
.. _ = 47i tons. 

With these loads the line of pressure is drawn on diagram and it is found that it cuts 
the ext:temities of the middle third at crown and at joint No.5, the normal pressures being 
13,200 lb. and 17,700 lb. respectively, 

The maximum intensity of pressure in masonry arch, ,therefore, 

(I) At Crown 

2 Q 2x13200 
= S= - = = 122 lb. 1 sq. in. =7'85 tons/sq. ft. 

A 18"x 12" 

(2) At joint of rupture No.5 
2Q 2XI7700 

. =8 ' - = = 155lb.;sq. in. = 10 tons/sq.'ft. 
A 12"xI9" 

•• 

• 



Sm No. XVIII. 

REINFORCED CONCRETE SLABS FOR GATE BJUDGE OF REGULATORS. 

The span in the case of the regulators is 5' 25 feet instead of 5' 3 in the case of the Barrage. 
The loads to be carried are exactly the same and so the same design is adopted. For details, 
see calculations Set No. IX. 

SET No. XIX. 

CALCULATIONS FOR REINFORCED CONCRETE BEAMS FOR 
GATE· BRIDGE OF REGULATORS. 

Loads:-

45 lb. /sq. ft. for crowd of people 
25 per cent. allowance for live load 
Add weight of slabs 

• .. = 56Ib./sq. ft. 
= 44 lb. /sq. ft. 

Weight of each beam = 12'·6"x5'-3·xIOOlb. 
Total .. = 100 lb./sq. ft. 

= 6562 lb., uniformly rustributed on II> span of 12'-6". 
Maximum bending moment = t W.L. 

= 1 X 6562 X 12k X 12 inch lb. 
= 123048 inch lb. 

Gammon's tables give II> beam 9"x14" as enough two j" rods-area = 0'6 sq. in. 
area of concrete = 9xI4 = 126. 

-.--. 
r 

'6 
:. pn =-= '00476. 

126 
ES 

.'. pn = '0476, if n .:.... - = 10. 
Ee 

, " K = V(pn)' +2pn-pn-('rrautwine, p. 1118). 

= V(,0476)' +·0952~·0476. 

= V 002265+ '0952-'0476. 

= V '097465-'0476 = '3122 -'0476. 
'2646. 

M K(I-K/3) 
-=fo----
bd' 2 

123046 
or---

9XI5>(I5 

123048 

'2646 (1-.. '0882). 
=fo.---. 

n • 
'2646X '9118 

=Ic.----· 
2 

= fe. XI'200 

fe. = = ~04.lb./sq. in. 
9XI5xllix 1'206 

which is 'luita within t\e pelmissible limii o)f 6UO lb. pet ~q. in. 

• '. T~ beam will he 9" x lb' ,g allow for COllei' with 2 ,ods j' diamel.er, .paced 6' apart. A tongue 
wiU /no made on lop 2i·xSr. 



SET No. xx. 

. CALCULATIONS FOR GIRDER CARRYING GATES AND WINCHEg OF 
. REGULATORS. 

ELEV",TION 

2' . 2 2 2 . ·2 

7·' '~ 7." U !:! "'4 .. 4' . .. .. 
12 

"1ft ~PIER. 

r .. 
I 

Taking 15'span:--

B. M. at d =5·S25x7·5-1·S75 (5+3+1) . 

. =42·175-1S·S75=25·30 ft. tons. 

B. M. at C =5·625x6·5-1·S75 (4+2). 

=36·55-U·25=25·30 ft. tons 

25·SxS 
equivalent distributed load --~= 13·48 tons. 

15 

= say 13·5 Tons. 

Taking 14' span only:--

Maximum B. M. =5·S25xS-l·S75 (4+2). 

=33'75-11·25 22·5 ft. tons 

22·5xS 
equivalent dead load 12'S5 tons. 

14 

=say 13 tons. 

A 12'x5' at 32 lb. girder would be sufficient, but take a 12x5 at 39 lb. girdet- fOT safety 
and sti,[fnesB. This will caTTY 15 Ions 011 a span of 14'. 



S~ No. XXI. 

Drawing No.5!. 

STABILITY UALCULAl'IONS FOR CONNECrING WALL. 

This is designed on Sir B. Baker's rule for retaining walla. Mean width=! height. 'De
tailed calculations show that resultant is within the middle third and the pressures are low 

Calculations. 
3·5+16·5 

" .......... ".U.SUlit • 
. ." : : ".' ' .. 
4' ".'.: • : • 

'n .' . .., 

Weight of wall X 39x 150 Ib.=58,500 lb. it acts at 7 feet from the outer 
2 

toe from diagram. 
Total earth pressure of very wet sand withe <I»=30Q and weight 125 lb./c. ft. 
Direction of pressure is obtained from diagram according to Professor Reilley's 

. method. 
15·7x39 

Amount of Earth Pressure X 125=3,820 lb. Combining these two we get 
2 

the resultant 60,400 lb. cutting the base of the wall I· 7 feet from the centre the 
normal pressure being 60,300 lb. 

E =1·7 
16·5 

Y =-
2 

Q EY). 
. ' S =- (I±-' 

A K' 

A = 16·5xl (for 1 foot length)., 
d' 16·5xI6·5 ' 

60300 1·7xI6·5xI2). • =-- (I 
K'=-,=---- 16·5 2XI6·5XI6·5 

.12 12 

Q =60.300 =3666 (I + · 62)/sq. ft. 
3666'( 1·62 

.. Maximum pressure =-----lb./sq. in. 
144 

=41 lb./ sq. in. 
or=2· 62 tons/sq. in. 

• . Maximum intensity of pressure at the outer toe will be 41 lb./sq. in. or 2· 62 tons/ 
sq. ft, 

3,666XO·38 
mimum pressure = lb./sq. in. 

144 

=9· 6 lb./sq. in. at the inner toe. 
or=0·62tons!sq.ft. at the inner toe. 
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The wall section is therefore amply strong. There is no tension and the pressure in masonry 
is low. 

I nlRfnsity of pressure on Sand in foundo1.ion. 

Weight of foundation block-
=22x5' at 88 lb. submerged = 9,700 lb. 

Compounding this with the resultant at base, we get a final resultant of 70,300 lb. 
cutting base of foundation l' 9 feet from centre, the normal pressure being 70,200 lb. 

Intensity of pressure ;-

Q EY) 70200 1'9x22 12 
3 = - (1 + -) ( 1 + ± ), 

A K'·· 22'x12"+12" 2 22x22 
=22'2 (1+'52). 

Maa:imum pressure =22'2±1'52 lb. 
=33' BIb.fsg. in. 
=2'17 tons/sq,ft. 

Minimum pressure =22'2x '48. 
=10'6lb./sq, in. 
='69 tons/sq, It. 



APPENDIX M. 

LIST Olr STATI!IMBNTS. 

~~ I ment 
No . 

Description. 

.J Table showing minimum and average discharges at Sukkur In: each month 

for the years 1901 to 1918 222-226 

2 Table showing minimum and average discharges at Kotri in each month 

for the years 1901 to 1918 227-232 

3 Comparison between Sukkur and Kotri discharges taking average dis. 

charge in cusecs In each month .. 233-241 

4 Statement showing comparative discharges at Kotri and Head Regula-

tors of Fuleli Canal 242-253-

5-1 Statement showing the average monthly discharges of the Khairpur State 

Canals for the years 1905-1918 (14 years) •• 254-258 

5-II Statement showing the average monthly discharges of all the Khair!?ur 

State Canals (II) for the years 19015-1910 (6 years) 257-258 

5-II1 Statement of average discharges (each month) for all canals for the years 

1905-1910 (6 years) •. 259 



Month. 

January .. .. .. 
February .. .. .. 

March .. . , .. 
April . . .. .. 
May .. .. .. 
June • .. . . .. 
July .. .. ... 

August .. .. .. 

September .. .. .. 

Octcber .. .. .. 

November .. .. .. 
December .. .. .. 

APPENDIX M. 
STATEMENT No. I. 

Table ,howiflg minimum alld a_age discharges at 8ukTt:ur in each month for the yea" 1901 to 1918. 

Approximate 
. 1901. . 1902 •. 1903. 

total require-
mente of aU 

Minimum. Average. Minimum, Average, Minimum, 
canals when 

fully 
Bukkur Bu\drur' 'developed, 
Gauge Discharge. Discharge. Gauge Di~charge, Discharge, 

Gauge Discharge, 
&ading, &ading, 

Reading, . . 

21,754 1'8 32,000 . 53,74r 0'7 29,000 30,484 1'1 22,OO(). 

21,7'64 2'4 41,000 60,42~ -0'1 27,~00 2.7,964, 1'2 21,000 . 
, 

21,664 2'1 37,000 48,161 -0'7 24,000 25,451 1'0 18,947 

27,277 3'4 63,219 98,666 . 0'4' 28,000 29,900 3"4 31,360 

37,821 5'0 75,593 171,356 ,1'8 36,111 115,080 6'8 74,000 

44,322 7'1 127,985 208,000 8'6 _ 
, 

118,000 247,333 9'5 148,831 

44,322 9'1 196,857 307,677 9'7 166,580 303,968 10'6 203,535 

44,322 12'6 385,061 563,580 9'4 174,000 273.871 14'2 433,214 

44,322 7'8 129,000 299,300 6'7 94,000 188,867 9'4 155,272 

24,049 ~'5 76,000 99,193 4'2 47,000' 64,806 5'9 70,000 

19,581 2'6 46,000 59,433 2'9 33,000 41,300 3'2 44,000 

21,754 1'4 31,000 37,000 1'9 27,000 30,097 2-0 33,000 

--

Average, 

Discharge. 

24,774 

26,000 

24,684 :g 
50,133 

137,419 

221,500 

325,032 

550,355 

362,267 

104,548 

56.800 

37,935 

• 



:j :'.~ .... ;; -

'(': J';:. . , , 

~,J •• ; ( 

"," ; 

J'anllBry" 
I •. 

Febrqary .. , 
March. 

,J. " 

AF~~' 
May, 

June 

July 

August 

Month ... 

September, . 

Octcber 

November .. 

December. , 

STATEMENT No. l-<JOntd. 
, Tabk8kowing minimum and a_age discharges at Sukkur in eooh month/or the years 1901 to 1918-contd. 

• 

." . 

1904. 1905. 1906. 1907. 

Minimttm. Average. Minimnm. Average. Minimum. Average. Minimum. Average. 

i • -·I~-...;. 

~~.I Discharge,! Discharge·!ReO::~.!Discharge.! Discharge !~~~:.I Discharge.!DisChsrge·IR?:.li!~J Discharge,l Discharge 

1'8 

1'7 

1'5 

4'6 

5'9 

8'8 

31,000 

30,000 

29,00~ 

37,968 

33,690 

52,161 

45,000 72,767 

76,710 1ll,903 

146,707 I 282,200 

10'S I 253,126 346,613 

11'7 I 282,234 441,613 

7'1 

3'6 ' 

2'6 

1'9 

96,178 I 168,200 

37,270 

32,000 

30,150 

58,935 

34,633 

31,710 

1'3 

1'4 

1'2 

27,751 

28,000 

27,000 

29,467 

34,286 

31,259, 

3' 3 42,000 86,240 

8'0 115)14 223,031 

11'7 256,447 I 394,210 

13' 5 324,000 I 429,3~ 

11' 8 ,260,997 340,852 

8'4 160,000 271,733 

4'2 

2'2 

1,4 

53,000 

32,000 

28,000, 

82,258 

43,000 . 

29,968 

29,129 -0'2 1'2 

0'7 

3'1 

22,539 

24,000 

52,000 

40,81)7 I -0' 5 

32,951 

33,143 

60,536 

37,452 

55,321 

72,161 I 1'9 69,806 

6' 0 I 89,000 120,333 l' 8 60,685 113,733 

7 '1 I 133,678 203,033 5'5 116,310 172,193 

9'6 I 208,000 249,900 7'2 168,918 235,033 

13 'I I 330,000 I 403,935 8' 2 189,396 23.0.338, 

13'7 I 407,156 524,613 10' 9 286,000 390,376 

8'6 r 207,000 421,267 5'1 I 120,000 '171,633 

4'6 118,935 2'0 49,400 75,419 
1 ; 

1·3 62,433 0'3 40,000 43,500 

0'3 

82,528 

44,000 

36,777 39,548 I -0'9 31,048 35,903 

; 



STATEMENT No. I.~. 
Table slwwing mini,num and a._age diBckarges at Sukkur in each month/or the years 1901 to 1918-oontd. 

1908. 1909. I 19l0. 1911. 

Month. Minimum. Average. Minimum. I Average. Minimum. I Average. f Minimum. Average. 

, 

Gauge D' char D' h Gauge I D' hiD' ha Gauge D' ha D' ch J Gauge D' ha DiBch Reading. IS ge. ISO arge: Reading. ISO arge. I8C rge. Reading. ISO rge. IS arge. Reading. ISO rge. arge. 

lanuary .. .. .. .. -1'0 30,164 34;429 -1'75 40,000 41,677 0'5 42,350 59,387 0'6 33,200 55,129 

February •• .. .. · . -1'4 27,809 29,931 -2·2 36,026 38,229 0'5 36,142 43,678 1'5 38,000 70,321 

March . .. .. · . -1'6 26,462 27,549 -2·3 37,000 54,484 0'6 30,813 37,645 2'0 44,411 165,613 • 
I 

, 
April .. .. .. .. -2'0 25,712 133,881 0'0 49,429 71,733 2'1 51,000 76,167 5'0 142,224 174,233 ~ 

Hay!. oo .. .. 4'3 108,000 138,452 3'4 82,748 108,097 4'9 92,000 145,064 6'6 164,851 196,645 

June .. .. .. .. 6'3 169,930 250,767 5'0 115,000 275,133 9'4 275,000 349,700 9'5 272,000 444,167 

July .. . . .. · . 8'8 240,206 423,908 8'2 305,385 397,516 9'3 264,000 452,806 8'8 291,000 378,226 

August .. .. .. .. 13'6 462,599 '502,162 11.3 430,964 535,677 12'9 492,658 559,355 8'1 256,406 352,129 
, 

September •• .. .. .. 5'4 158,135 512,767 6'~ 200,000 437,000 6'1 171,000 356,633 7'1 211,089 301,667 

October .. .. .. .. 1'9 65,224 93,000 3'1 78,000 116,935 2'7 76,000 107,742 3'1 68,000 104,806 

Nov .. mber •• .. .. .. -0'6 51,000 56,433 1'4 48,000 59,967 1'3 44,663 58,533 2'8 49,581 57,033 
, 

32,448/ Deo~mber •• .. .. .. '-1·6 39,760 44,645 0'6 40,892 46,774 0'8 41,000 2'2 45,349 50,258 



STATEMENT I-COIItIl .. 
Table BMllling minimum ~"cl average cliBcAarges at Sukku., in each fNltIIh for tJ&e year. 1901 to 1918-00ntd. 

1912. 19l3: 1914. 1915. 

Month. . Minimum. Average. Minimum. Average. Minimum. Average. Minimum . Average. 
. 

Gange 
pischarge. Discharge. Gange Discharge. Discharge. 

Gange Discharge. Discharge. Gauie I . Discharge. Reading. Reading. Reading . Reading. DIScharge. 
. 

January .. .. , , .. 2'1 42,180 47,804 1'5 27,428 29,260 1'2 27,502 29,419 I 1'8 41,012 46,645 

February .. .. .. .. 20 39,367 51241 1'2 23,730 26,464 0'7 23,719 29,714 1'5 40,664 .59,571 

March .. .. , . .. 1'6 35,311 . 40,193 1'3 24,996 33,935 2'1 31,350 36,322 2'4 45,741 67,194 . ~ 
'" 

April .. .. .. .. 1'7 35,311 58,833 2'5 35,089 49,034 3'4 40,000 82,633 40 75,000 148,733 

May .. .. .. .. 5'7 119,850 150,064 4,.9 58,909 130,129 6'1 69,739 127,677 6'4 142,129 327,194 

June .. .. .. .. 6'7 Hi5,026 271,267' 8'6 201,000 281,068 6'7 104,000 246,700 S'4· 215,028 297,500 

July .. , . .. .. 8'7 289,000 523,452 8'2 201,498 341,484 12'6 417,153 692,032 8'4 215,000 346,968 

August .. .. .. .. 11'4 375,000 557,258 9'3 251,439 431,516 9'6 151,000 592,226 10'4 353,000 381,742 

September .. .. .. .. 5'1 90,000 234,081 5'7 100,000 255,667 9'9 290,000 462,100 6'2 127,000 236,100 

October .. .. .. .. S'O 54,000 68,419 3'4 53,000 • 71,258 4'3 91,000 138,935 2'8 69,560 117,903 

November ., .. .. .. 2'1 4p,018 46,967 2'6 34,935 42,900 3:3 82,000 100,967 1'1 46,272 56,333 

D_mber ,. e. .. .. 1'6 31,000 35,645 1'7 30,692 32,774 2'3 56,337 68,516 ~'1 32,461 37,677 



, STATEMENT I-conltl. 
Table showinf} minimum and ave1af}B discharf}BB at Sukkur in eoch month for t1l& years 1901 to 191!!--eoncl~. 

1916. 1917. 1918;' 

Month, Minimum. Average. Minimum. Average. Minim'nm. ' Average. 

Gauge 
Discharge. Discharge. 

Gauge 
Discharge, Disch~rge. 

Gauge 
Discharge. Discharge. 

Reading. Reading. Reading. 

January , · . · . · . · . · . -0'9 . 26,117 28.710 0'1 24,153 27,097 0'7 38,523 41,903 

February .. · . .. .. · . -0'9 25,546 28,310 -0'1 23,394 25,429 • 
-()'1 29,500, 35,893 

March . .' . · . · . · . · . -1'0 25,559 27,000 -0'7 17,722 19,871 -0'3 28,083 60,484 t;g 
,CD 

April · . · . · . · . · . 0'3 32,267 ,41,700 -0'7 17,568 22,733 3'4 83,611 143,167 , 
May, · . · . · . · . · . 2'7 62,666 

-
66,387 1'2 27,000 67,484 6'4 117,000 233,000 

June · . · . · . · . · . 3'9 67,000 267,933 6'7 122,000 241,100 9'0 309,702 441,900 

July · . · . · . · . · . 9'2 319.705 420,774 7'2 213,000 277,516 7'6 208,025 316,419 

August · . · . · . · . 9'4 391,624 587,968 11'1 413,644 611,000 7'7 240,000 320,129 

September · . · . · . · . · . 6'0 121,574, 265,733 10'2 354,000 432,833 5'2 84,000 197,467 

Octcber · . · . · . .. · . ,3'3 68,000 105,420, 3'3 85,908 207,258 2'0 41,851 55,806 , 

November .. · . · , · . · , , 1.-6 43,477 51,100 1'8 59,000 107,600 0'7 . 31,230 35,133 
\ 

December · . · . .. .. .. 1'0 83,817 37,161 0'9 43,318 50,355 0'2 24,643 27,871 
- ----------

• 



APPENDIX M. 
STATEMJ;:NT No. II. 

Table Mowing minimum' and ave,age discha,ges at Kot,; ill each month fo, the yea,s 1901 to 1918. 

Approximate Average 1901. 1902. 1903. . ' 
total with- dis· 

drawals of all charge ' , 

Month. ,canals at 'of Fuleli Minimum. Average, Minimum. Average. Minimum. Average. Average. 
Sukkur for 

.. 
. when fully 1903-1918. , 

developed. Gauge Discharge. Discharge. Gauge Discharge. Discharge 
Gauge Discharge. Discharge. Discharge 

, Reading. Reading. Reading. of Fuleli. . 
.. .. 

January .. .. .. ' 21,754 965 5'3 38,000' 51,700 4'4 26,405 31,OliO 4'0 24,899 27;548 .. 
.. 

February' " . 21,754 911 6'4 52,000 60,857 4'3 27,367. 29,714 3'9 • 25,156 25,929 .. .. .. .. 
~ 

March .. .. .. 21,664 912 6'0 48,000 53,355 2'9 24,882 28,742 3'7 19,772 24,129 .. 
April .. .. .. 27,277 .. 7'0 58,000 82;966 3'0 7,000 31,700 5'3 34,688 49,567 .. 

. 
May .. .. .. 37,821 .. 8'5 76,000 167,774 5'0 39,270 78,516 7-7 71,200 124,613 .. 

June .. .. .. 44,322 .. 10-6 123,000 190,433 11'4 152,000 211,100 11'2 110,000 159,200 .. 
July .. .. .. 44,322 -- 12'2 180,000 238,968, 12'8 183,427 231,064 12'7 168,006 239,419 .. 
August .. - .. .. 44,322 , .. , 16'8 338,000 392,325 2'3 162,905 238,581 16-8 346,000 421,879 .. 
September. _ . - .. 44,322 .. 12'7 172,000 287,826 10-2 109,248 170,233 13-8 166,767 321,167 .. 
October .. .. .. 24,049 .. 9-2 64,211 85,355 8'0 64,000 73,032 10-1 82,000 116,710 .. . . 
November. _ -. .. 19,581 .' . 1,550 6-6 ' 45,000 . 54,767 6-4 44,000 51,767 _ 7'4 49,000 63,467 1,671 

December ._ .. .. 21,754 1,102 5-6 '35,000 39,968 5-3 30,000 36,935 5'9 37,000 43,005 1,123 

---- - , 



I'ITATEMENT No, II-oontd. 
Talk show""" minimum and average diBcha'gelJ at Kot .. i1I each month for the years 1901 to 1918-contd. 

Approximate 1904, 1905. 1906. 
total with- Average 

drawals of all dis-
Month. cana1s at charge Minimum. Average. Average. Minimum. Average. Average. Minimum. Average. 

Sukkur of Fuleli 
when fully for' Gauge . Gauge D' ch Gauge 
developed. 1903-1918. Read- Discharge. Discharge. DIScharge Read- Discharge. Discharge. IS arge Read D' h ' Discharge. f Fuler . - 1SC arge. 

ing. of Fuleli. ing. o I. mg. 

January .. 21,754 965 5'6 35,000 39,484 1,277 5'4 34,000 37,129 ~,337 6'2 33,000 37,740 

Febnwy .. 21,754 ' !Ill 5'8 36,000 40,724 1,223 5'4 34,000 37,321 1,400 , 5'8 30,000 33,210 

Maroh .. 21,664 912 5'4 34,000 52,613 ' 1,226 5'4 34,000 36,387 1,452 7'9 46,000 51,838 

April .. 27,277 .. 7'2 60,620 71,533 .. 6'9 38,000 48,400 . . 9'6 ' 67,000 85,533 
, 

May .. 37,821 ' .. 8·4 60,147 92,452 .. 11'3 109,000 188,693 .. 10'8 87,000 145,484 

'June .. 44,322 .. 10'0 9~,OOO 202,567 .. 14'4 210,567 286,950 .. 14'2 193,549 227,167 , 
July .. 44,322 .. 14'1 186,668 229,548 .. 17'4 294,000 372,493 .. 15'4 244,000 344,000 

August .. 44,322 -. 16-0 295,000 356,290 .. 16'4 243,726 298,652 .. 18'3 308,480 365,806 

September .. 44,322 -. 11'6 J06,OOO 170,233 .. 13'5 169,323 260,279 .. 17'8 340,000 417,433 

October .. 24,049 .. 8'5 44,000 66,968 .. 10'2 60,000 85,710 .. ,11'7 80,000 130,419 

November __ 19,581 1,550 7'3 34,000 36,400 1,667 8'0 41,000 49,967 ' 1,822 7'9 49,000 59,533 

December ._ '21,754 1,102 6'1 30,000 31,710 1,448 6'9 38,000 40,000 1,314 i 6-7 37,000 41,806 

Average. 

Discharge 
of Fuleli. 

-
1,191 

988 

1,013 

.. 

.. 

.. 

. . 
,. 

.. 

.. 
" -
1,503 

1,029 

.., 
NO 
00 



J: 

F, 

Me. 

A 

M 

J 

J 

Month. 

,uarY 

,ruarY 

rch 

ril 

y 

Ie 

y 

gust 

,tember 

:ober 

vember 

,ember 

.. 
Approximate 
total wIth-

drawafs of all 
canals at 
Sukkur 

when fully 
developeil.. 

· . 21,764 

· . 21,754 

· . 21,664 

· . 27,277 

· - 37,821 

-- 44,322 

-- 44,322 

· - 44,322 

-- 44,322 

· . 24,049 

- - 19,581 

- - 21,754 

STATEMENT No. It.---<>?7Itd. 
~l'able ."~ng minimum and r;,verage disckarg .. of Kot,; in each mont~for the years 1901 to 1918-contd. 

-. . . . . . 
Average 

1907. 1908. 1909. 

dis-
.. 

charge 
of Fuleli Minimum. Average. Minimum. Average. Minimum. Average. 

for 
1903-1918. Gauge Discharge 

Gauge Gauge 
Discharge 

Read- Discharge. Discharge. 
of Fu~eli. 

Read Discharge. Discharge. Discharge Read- Discharge Discharge . of Fuleli. 
ing. ing. of Fuleli. ing. 

. 

965 6'0 35,587 40,290 953 6'3 31,000 34,193 808 6'0 34,467 38,387 798 

911 5'5 35,000 60,964 1,048 6'0 28,815 31,552 1,125 4'7 29,405 33,429 797 

912 8'0 57,713 78,064 1,140 5'2 26,000 28,032 952 4'7 29,000 50,161 822 
.. 
~ 

• 
. . 8'1 66,000 110,833 . . 5'2 26,C89 94,433 · . 6'6 48,711 62,467 .. 

-
-- 10-8 99,836 177,387 -. 10-7 122,000 136,000 -- 9-8 82,195 104,613 --

-- 12'9 150,000 205,567 . - 11'7 135,000 177,067 -- 11-6' 121,556 223,600 -. 

-- 13-2 153,306 193,322 -- 15-8 237,000 297,226 -- 16'2 253,727 305,161 ; -

-- 15-3 220,000 305,161 -- 20-4 411,996 489,586 -. 20-0 356,935 378,774 --

-. 12-1 
I 

110,000 175,067 -- 15-8 178,000 309,300 · - 14-8 178,000 341,267 -. 
-. 9-7 54,923 78,419 -- 10-7 74,437 109,387 · - 10-6 76,000 103,935 . -. 
1,550 7-8 42,000 47,367 1,783 7-9 46,257 58,468 1,477 7-3 45,006 57,667 1,683 

1,102 6-5 .32,000 36,710 1,131 6-2 36,000 40,000 1,149 5-9 37,519 41,452 1,195 



STATEMENT No. II.~ntd. 

Tabk showing minimum alld average discnarge8 at Kotri ill each month/or the years 1901 to 191B-contd. 

ApproxllnILte 1910. 191I. 1912 -

total with· Average 

jdrawals of all dis· 

Month. canals at charge Minimum. Average. Minimum. Average. Minimum. Average. 
Bukkur of Fuleli 

when fully for 
Gauge _ Gauge Gauge D' h 1903-1918. Discharge. Dischar~e Discharge developed. R811d· Discharge. Read· Discharge. Discharge R d D' h D' h 1SC arge 

. Aa' ISC arge. ISC arge of Fuleli. 
ing. of Fuleh.-

ing. 
. of Fuleli. 

mg. _. ______ . 

January · . 21,754 965 5'7 37,531 51,645 1,292 6'0 35,000 52,548 1,047 6'0 30,907 34,097 1,337 

February · . 21,754 911 5'2 33,665 42,429 1,147 6'8 45,849 77,372 855 5'6 35,000 45,896 1,283 

• 
March · . 21,664 912 4'9 31,954 34,419 1,127 6'7 37,094 136,645 ,03 4'9 26,000 35,323 840 N> 

~ 

April · . 27,277 .. 5'0 33;000 51,133 · . 11'7 122,000 _ 157,733 · . 4'8 25,382 39,067 · . 
May · . 37,821 , · . 10'6 8,7,589 111,452 .. 13'2 161,000 181,581 · . 9'8 82;000 111,064 · . 
June · . 44,322 · . 14'2 145,000 240,833 · . 15'2 222;000 323,700 · . n'8 118,000 168,133 · . 
July · . 44,322 · . 16'3 250,000 334,871 · . 17'2 245,000 320,935 · . 14'7 186,000 268,968 · . 
August · . 44,322 · . 20'2 373,000 431,110 · . 17'0 255,212 317,226 · . 2.0'1 337,995 394,452 · . 
September .. 44,322 , . 15'0 182,000 342,267 .. 15'5 191,682 255,000 · . 11'8 86,000 85,133 .. 
October · . 24,049 .. 10'1 74,000 116,290 .. 9' l 67,521 104,484 · . 9'7 52,000 63,613 -
November , . 19,581 1,550 7'5 45,636 55,433 1,472 7'6 48,000 55,567 1,307 - 7'5 38,411 43,533 505 

, 

December · . 21,754 1,102 5'9 34,000 38,225 1,153 62 36,000 41,000 1,349 6'2 31,168 34,935 92 

• 
• 



STATEMENT No. IJ.-a)lltd. 
Tabk slwwing minimum and average diaclwrges at Kot,; in each month for Me yeara 1901 to 1918-eontd. 

IApproximate 1913. , - 1914. 1915. 
total with-

Average 

drawals of all dis~ 

Month. canalB at chM.l.,e Minimum. Average. Minimum. Ave~8ge. Minimum. Average. 
Sukkur of Fuleli , 

· , 

for when fully 
1903-1918_ Gauge \ . Discharge Gauge . Gauge 

Discharge developed. Read- Discharge. DIScharge. of Fuleli. Read- Discharge. Discharge. DIScharge Read Discharge. Discharge. 
of Fuleli. - - of Fuleli. 

ing. iug. mg. 

January 21,754 965 5'4 27,573 29,000 29 5-9 24,178 25,9031 602 8-1 36,389 41,194 1,235 

,ebruary 21,754 911 · 4'8 24,163 26,COO 8 5'1 24,556 26,964 455 7-4 31,358 44,036 1,194 

March .. 21,664 912 4'7 24,198 30,161 49 6'8 31,319 34,581 912 ' 8'3 38,000 [5,258 1,025 
~ 

April .. 27,277 .. 5-8 29,287 35,600 · - 7'7 37,000 98,067 · - 9'7 59,355 146,467 .. 
May · . 37,821 .. 8'7 45,000 93,387 .. 9'6 76,101 129,065 .. 12-5 142,732 271,871 .. 
June .. ·:4,322 .. 14:5 164,818 216,082 . .. 10'8 85,000 235,033 · . 15'3 194,000 254,430 .. 

, 

July · . 44,322 .. 14·5 162,000 255,292 · . 18'0 322,000 475,416 .. 14'9 166,771 237,807 \ .. 
-

August .. 41,322 .. 17'0 227,040 337,516 .. 18'7 322,000 495,742 .. 17'6 283,122 310,797 .. 
September · . 44,322 .. 11'8 115,578 225,267 · . • 18'2 262,000 310,200 · . 14'2 119,000 217,800 .. 
October .. 24,049- .. 9'3 55,000 72,258 · . 12'3 105,000 141,484 .. 11'0 66,000 ,116,161 .. 
November .. 19,581 1,550 I 7'6 37~352 43,600 1,264 10'8 63,341 92,367 2,284 8'8 44;432 53,633 2,364 

December · . 21,754 1,102 6-2 25,036 31,800 
- - 829 ,9'4. .' _52,000 63,000 1,371 7'3 31,776 36,065 1,663 



STATEMENT No. II.-cotIIcl. ' 
Tabk 'hawing miflimum ancl average clischargu at Kotri in each month for the yeaT' 1901 to 1915-concld, 

Approximate 1916, 1917. 1918, 
total with- Average 

drawals of all dis- , , 

Month, canals at charge Minimum, Average, Minimum, Average, Minimum, Average, 
Sukkur of Fuleli 

when fully for Gauge ,Gauge ,Gauge , 
developed, 1903-1908, R d D' h D' h DJScharge R d D' h D' h DI"charge R d D' h D' h Discharge ea - !BC arge, ISC arge, f F I Ii ea - lllC arge, ISC arge, t Fir ea - ISC arge, Ise arge, f FIr 

'ng 0 u e, ing 0 u e I, 'n 0 1I e I, 
I , '__ I g, 

J .nnary .. 21,764 ~65 6'1 28,569 30,065 1,067 5'9 26,948 29,129 981 I 7'0 32,736 36,645 339 

'ehrulll'Y 21,751 911 ~ '9 26,n4 28,379 950 5'2 20,733 25,821 845 5'6 ;,14,000 28,250 354 
, . 

[arch .. 21,661 912 5'8 23,563 25,355 918 4'7 , 18,992 21,387 771 4'9 21,001 36,645 ' 339 
~ 

,pril .. 27,277 .. 5'7 24,291 33,733 .. 4'0 17,353 21,500 .. 10'4 80,651 149,967 .. 
lay .. 37,821 .. 9'4 49,371 58,645 .. 0'8 24.,855 45,613 .. 11'1 94,000 189,548 .. 
une .. 44,322 .. 10'1 57,000 164,700 .. 9'7 58,000 184,333 ,', 16'9 272,221 348,930 .. 

uly .. 44,322 .. 17'2 177,000 225,129 .. 13'7 140,000 204,226 .. 10'0 158,011 244,452 .. 
.ugust ." 44,322 .. 19'1 232,99~ 305,258 .. 17'2 242,000 442,226 .. 10'0 190,000 219,323 .. 

• 
:eptember .. 44,322 .. 15'0 141,768 224,167 .. 19'8 423,188 506,800 .. 11'2 89,000 187,667 .. 

ctober .. 24,049 .. 11'0 72,448 100,935 .. 13'1 96,023 257,161 .. 8'9 40,000 56,806 .. 
,ovember .. 19,581 1,550 8'0 37,568 48,933 1,687 10'9 64,389 ' 108,733 661 7'2 32,222 34,700 1,641 

}ecember .. 21,754 1,102 6'5 30,937 I 35,161 1,211 8'0 39,000 48,839 253 6'5 27,000 29,290 1,320 
--------

• 
• 
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APPENDIX M. 

STATEMENT No. TIl. 

OomparisOfi between Sukkwr and Kotri discharges, wkfm9 avel'fJ!J6 discharge in Cll8ecS it! ~ 

month. 

Reduc- I. Surplus 
No. Month. Sukkur. Kotri. tion at at Remarks. 

Kotri. Kotri. 
, . , , , 

1901; , -

1 January , . .. 53,741 51,700 2,041 . .. 
2 February •• .. 60,428 60,857 .. 429 

3 March .. .. 48,161 53,355 .. 5,194 

4 April .. .. 98,666 82,966 15,700 •• 

5 May .. .. 171,356 167,774 .3,582 . . 
6 June 208,000 . 1~,433 17,567 -.. .. .. 
7 July .. · . 307,677 232,968 68,709. .. 
8 August .. .. 563,580 392,325 171,255 .. 
9 September .. .. ·299,300 287,826 11,474 .. 

10 October . . .. ' ,99,193 85,355 13,838. . . 
11 November .. · . 59,433 54,767 4,666 .. 
12 December .. .. 37,000 39,968 .. 2,968 , 

1902. . . 

1 January .. .. 30,484 1I1,OOO .. 516 

2 February .. · . 27,964 29,714 .. 1,750 

3 March .. .. 25,451 28,742 .. 3,291 
" 

4 April .. .. 29,900 31,700 .. 1,800 

5 May .. .. 115,080 78,516 36,564 .. 
6 June .. .. 247,333 211,100 36,233 .. 
7 July .. .. 303,968 2~1,064 72,904 .. 

,8 August .. .. 273,871 238,581 35,290 .. 
9 September .. .. 188,867 170,233 18,634 .. 

10 October .. .. 64,806 73,032 .. 8,226 

11 November .. .. 41,300 151,767 ',' 10,467 , 
12 December .. "I 30,097 36,935 .. 6,838 i 



• 

I 
Month. 

Reduc- Surplus 
No. 8ukku:r.' Kotri. tioll at at Remarks. 

Kotri. Kotri. 

1903. 

1 January .. .. 24,774 27,548 .. 2,774 
-

\1 February , , .. 26,000 25,929 71 .. 
3 March .. .. 24,684. 24,129 51'>5 , ," 

4 April .. .. , .50,133 49,567 566, .. 
5 May . , .. .137,419 124,613 12,806 " 
6 June .. • • 221,500 159,200 62,3OQ 

" 
7 July . ' • • 325,032 239,419 85,613 , n 

8 August .. .. 550,355 421,879 128,476 :: 

'9 September .. .. 362,267 321,167 41,IOQ f • 

10 Octobe. .. .. 104,048 116,710 .. 1~,162 
, 

11 Novemb~r . - .. ;'6,800 63,467 .. !i,667 

12 DecembE!l= .. .. 37,935 43,005 , . 5,070 

.. . . 
1904, 

· ' > • 

1 January . . .. 37,968 39,484 . . 1,1l16 

· 
II February .. · . 33,690 40,724 .. '1,034 

March 
, 

52,161 52,613 ' 452 S .. .. .. 
· , 

4 April .. .. 72,767 71,533 1,234 .. 
5 May .. · . 

· . 
119,903 92,452 27,451 ' " 

June 282,200 202,567 79,633 
.. 

6 .. .. .. 

7 July , .. .. 346,613 229,548 U7,065 " . 

8 August .. .. 441,613 356,290 85,323 .. 
.. 

9 September .. .. 168,200 170,23'3 .. 2',033 
.. 

10 Or.tob~ .. .. 58,935 66,968 .. 8,033 

i .. 
Jl I November .. .. 34,633 36,400 .. 1,767 

· . , 
12 I December .. .. , 31,710 31,710 .. .. 

I .. 

--
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STATJi:I4ENT No. III.-conld. 

Roduc- Surplus 

N\lI Month. Sukirur. Kotri. tion at at, Rematb. 
Kotri. Kotri. 

-
1905. 

1 January • • · . 29,467 37,129 · . 7,662 

:I February · . · . 34,286 37,321 · . . 3,035 

8 March • • · . 31,259 36,387 · . 5,128 

4 April " · . 86,240 48,400 37,84~ . · . 
IS May · . · . • ~23,031 188,693 34,338. · . 
6 June u · . 394,210 286,950 107,260. · . -

7 July " · , 429,355 372,493 56,862 · . 
8 August .- · . 840,852 298,652 42,200 · . 
9 September · . · . . 271,733 260,279 11,454 .-

10 October • • · . 82,258 85,710 · . 3,452 

11 November · . · . 43,000 49,961 · . . , .6,961 

12 December · . · . •. 29,968 40,000 · . 10,032 

1906. 

1 January ,.' "' 29,129 37,740 · . ,8,611 

.2 February .. .. . . 40,857 33,210 7,647 · . 
8 March .. .. , . 72,lin 51,838 20,323 .. 

4 April .... .. 120,333 85,533 34,800 .. -
-

IS May .... · . 203,033 145,484 57,549 .. 

6 June ,.' · . 249,900 227,161 22,733 · , 
, July . ., · . 403,935 344,O()0 59,935 .. 

8 August .. , .. 524,613 365,806 158,807 .. -

9 September .. .,; , 421,267 417,433 3,834 .. 
10 Ootober .. · . 118,935 130,419 · . 11,484 

11 November .. .. 62,433 59,533 2,900 .. 
12 December .. .. 39,548 41,806 .. 2,258 

I 
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j 
Reduc- ~~1 No. Month. Sukkur ... Kotri. tion at at Remarks. 
Kqtri. Kotri. 

1907. 

1 January · . · . 37,452 40,290 · . ·a,838 

2 February .. · . 55,321 60,964 .. 5,643 

3 March .. · . 69,806 78,064 · . 8,258 
. 

4 April .. .. 113,733 110,833 2,900 .. 
I) May .. · . 172,193 177,387 · . 5,194 

6 June .. · . 235,033 205,567 29,466 •• 
7 July · . .. 230,338 193,322 37,016 .. 
S August .. · . 390,376 305,161 85,215 · . 
9 September · . · . 171,633 175,067 · . 3,434 

10 October .. · . 75,419 78,419 · . 3,000 

11 November · . · . . '43,500 47,367 .. 3,867 
, 

12 December · . .. 35,903 ' 36,710 · . .. 807 

1908. 

. 1 January · . .. 34,429 34,193 236 •• 

2 February .. .. 29,931 31,552 · . 1,621 

3 March .. · . 27,541 28,032 · . 491 

4 April .. .. 133,881 94,433 39,448 · . 
5 May .. · . 138,452 136,000 2,452 .. 
ti June .. .. 250,767 177,067 73,700 •• 

7 July .. · . 423,908 297,226 126,682 .. . 
8 August .. .. 502,162 489,586 12,576 · . 
9 September .. .. 512,767 309,300 203,467 

-

• • 

10 October .. · . '93,000 109,387 .. 16,387 

11 November .. .. 56,433 58,468 .. 2,035 

12 December .. .. 44,645 40,000 4,645 . . 
I , 
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- .-
Reduc- I Surplus 

No_ Montlj. SukIrur. Kotri. tion at at Remarkl'. 
Kotri. Kotn. 

I I -

J909. 

1 January · . · . 41,677 38,387 3,290 · . . . 
2 I February .. · . 38,229 . 33,429 4,800 · . 
3 March.- .. .. 54,484 50,161 4,323 · . 
.j, April · . .. 71,733 62,467 9,266 · . 

-
5 May · . .. 108,097 104,613 3,284 · . 
6 June .. · . 275,133 223,600 til ,533 · . 
7 July' · . · . 397,516 305,161 92,355 · . 
8 August .. · . 535,677 378,774 156,903 · . 
9 September .. .. 437,000 341,267 95,733 .. 

10 October .. .. 116,935 103,935 13,000 .. 

11 November .. ... 59,967 57,667 2,300 .. 

12 December .. .. 46,774 41452 , .. 5,3~2 · . 

1910. • -
-

1 January .. .. 59,387 51,645 7,742 . . 
2 February · . .. 43,678 42,429 1,249· .. 
3 March .. .. 37,645 34,419 3,226 •• • 
4 April · . .. 76,167 51,133 25,034 .. 
5 May · . .. 145,064 111,452 33,612 .. 
6 Jlme .. .. 349,700 240,833 IOS,867 •• 

7 July .. · . 452,806 334,871 17,935 .. . 
8 August .. .. 559,355 431,110 128,245 .. 
S September .. .. 356,633 342,267 14,366 .. , 

10 October .. .. 107,742 116,290 .. 8,548 

11 November .. .. 58,533 55,433 3,100 · . -

12 December .. · . 41,000 38,225 2,;75 .. 
'. 
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STATEMENT No. III.-«mtd. 

- -
Reduc- SuxpluB 

No. Month. Sukkur. Kotri. tion at at Remarks. 
Kotri. Kotri. -

1911. 

1 January · . · . 55,129 52,548 2,581 · . 
2 FebrualY · . · . 70,321 17,372 . . 7,051 

3 March · . · . 165,613 136,645 28,968 · . 
4 April · . · . 174,233 157,i33 16,500 · . 

. 
5 May · . · . 196,645 181,581 15,064 · . 
6 June · . · . 444,167 323,700 120,467 · . 

, 
7 July · . · . ~78,226 320,93;, 57,291 · . 
8 August · . · . 352,129 317,226 34.,903 · . 
9 September · . , . 301,667 . 255,000 46,667 · . 

10 October · . · , 104,806 104.,484 322 · . 
11 November · . · . 57,033 55,567 1,466 · . 
12 December · . · . 50,258 i 41,000 9,258 · . 

. 
1912. 

, 

• . . -
1 January · . · . 47,804. 34,097 13,717 · . 
2 February · . 51,241 45,896 5,345 · . · . · . . 

3 March · . 40,193 35,323 4~870 · . · . · . 
4 April · . 58,833 39,067 19,766 · . ' , · . 

i . 
Ii May · . 150,064' ! 111,064 39,000 · . · . . .. 

· . II June · . · , 2il,267 168,133 103,134. · . 
7 July 

, . 
5~3,452 268,918 254,454 .. · . .. · . -

8 August .. 557,258 394,452 162,806 · . · . · . 

9 September · . 234,081 185,133 48,948 · . .. · . 
10 October · . · . 68,419 63,613 4,806 .. 

II November .. · . 46,967 43,533 8,434 .. 
-

December · . 35,647 34,935 712 12 .. · . · . 
I 
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STATEMENT No. III.--<:OIItd.· 

- J , ! 

I 
No.1 

Reduc- Surplus 
Month. Sukkur. Kotri .. tion at I at Remarks. 

! Kotri. Kotri. 

1913. 

1 .January .. ' .. 29,260 29,000 260 .. 
2 F~bruary .. .. 26,464 26,000 464 .. 
3 March .. .. 33,935 30,161 3,774 .. 

4 April .. .. 49,034 35,600 13,434 .. 
5 May' .. .. 130,129 93,387 36,742 · . 

6 June .. .. 281,068 216,082 64,986 .. 

7 July .. .. 341,484 255,290 86,194 · . 

8 August .. .. 431,516 337,516 94,000 · .. 
9 September .. .. 255,667 225,267 30,400 .. 

10 October 71,258 T2,258 
, 

· 1,000 .. .. .. 
~' 

11 November .. 42,900 43,.6~0 .. 700 

12 December .. .. 32,774 31,806 968 .. 

I 1914. 
I 

1 January .. .. .. 29,41D 25,903 3,516 • .\ a 

2 February .. .. .. 29,714 26,964 2,750 '" 

3 March .. .. 36,3~2 :!J,581 1,741 .. 
4 April .. .. .. 82,633 98,067 .. ·15,434 

• 4 (p., 

5 May .. .. 127,677 129,065 .. · .1,388 
. 

6 Jlme .. .. 246,700 235,033 11,667 · ' .. 

7 July .. .. 692,03~ 475,416 216,616 .. 

8 August .. .. 592,226 495,742 96,484 . .. 
9 September .. .. 4.62,100 310,200 151,900 · . 

10 October .. .. 138,935 141,484 .. 2,549 

11 November .. .. 100,967 i 92,367 8,600 .. 
12 December .. .. 68,516 63,000 5,516 .. 

• 
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fTATEMENT No. IlI.-contd. 

-
Reduc- Surplus 

No. Month. Sukkur. Kotri. tion at at Remarks. 
Kotri. Kotri. 

, 

1915. 

, 1 January · . · . 46,645 41,194 5,451 · . 
2 February · . · . 59,571 44,036 15,535 · . 
3 March · . · . 67,194 55,258 11,936 · . 
4 April · . · . . 148,733 146,467 2,266 · . 
5 May · . · . 327,194 271,871 55,323 · . 
6 June · . .. 297.500 254,430 43.070 · . 
7 July · . · . 346,968 237,807 109,161 · . 
8 August .. · . 381,742 310,797 70,945 · . 
9 September · . · . 236,100 217,800 18,300 · . 

10 October · . · . 117,903 116,161 1,742 · . 
11 November · . · . 56,333 , 53,633 2,700 · . 
12 December · . · . 37,677 36,065 1,612 · . 

1916. 
, 

1 January .. · . 28,710 30,065 .. . 1,355 

2 February · . · . 28,310 28,379 .. 69 

3 March · . · . ~7,OOO 25,355 1,645 .. . 

, 

4 April · . · . 41,700 33,733 7,967 .. 
5 May ... .. 66,387 58,645 7,742 .. 
6 June .. .. 267.933 164,700 103,233 .. 
7 July · . · . 420,774 ~5,129 195,641; · . 

, 

8 August · . · . 587,968 305,258 282,710 · . 
224,167 

. 
41,566 9 September · . · . 265,733 · . 

10 October · . · . 105,420 100,1135 4,485 · . 
11 November · . · . 51,100 

, 
48,933 2,167 · . . 

12 December · . · . 37,161 35,161 2,000 · . 
I 

.. 
, I 

-
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STATEMENT No. m.-contd. , 

I· 

Reduc- Surplus 
No. Month. Sukkur. ' Kotri, tion at at Remarks. 

Kotri. Kotri. 

I 
1917. 

. 

1 January .. .. 27,097 29,129 .. 2,032 

2 February .. .. 25,429 25,821 .. 392 

3 March .. .. 19,871 21,387 .. 1,516 
• 

4 April .. .. 22,733 21,500 1,233 .. 

5 May .. . . 57,484 45,613 11,871 .. 

6 June .. .. 241,100 184,333 56,767 .. 

7 July .. .. 277,516 204,225 73,290 .. 

8 August .. .. / 611,000 442,226 168,774 .. 

9 September 432,833 506,800 - 73,967 .. .. .. 
10 October .. .. 207,258 257,161 .. 49,903 

,11 November .. .. 107,600 108,733 .. 1,133 

12 December .. .. 50,355 48,839 1,516 .. 

1918. 

1 January .. . . 41,903 36,645 5,258 · . 
2 February .. .. 35,393 28,250 7,143 .. 
3 March .. .. 60,484 36,645 23,839 · . . 
4 Aril P , .. .. 143,167 149,967 .. 6,800 

11 May .. .. 233,000 189,548 43,452 .. 

6 June .. .. 441,900 348,935 92,965 .. 
7 July .. .. 316,419 244,452 71,967 .. 

8 August .. .. 320,129 219,323 100,806 .. 
9 September .. .. 197,467 187,667 9,800 · . 

10 October .. .. 55,806 56,806 . . 1,000 

Il November .. .. 35,133 34,700 433 •• 

12 December .. .. 27,871 29,290 . . 1,419 
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APPENDIX M. 

STATEMENT No, IV, 

. , 

Date, 
IndUl! at Kotri, Fuleli Head regulator Remarks. 

at Jamshora, 

, 
Gauge 

Gauge Reading, , 
Day. Month, Year, Read- Dis- Dis-

Discharge at charge, charge, ings, 
Up. Down. . 

7 November .. 1903 9'4 73,000 7'0 5'0 1,841 Fuleli stone 

13 
" 

.. 
" 

8'8 64,000 6'4 5'0 1,583 
bridge. 

" 
18 

" 
.. 

" 
8'4 59,000 5'9 5'0 1,613 

" • 
. 

26 7'7 52,~00 5'1 5'0 1,600 " 
.. 

" " 
5 December .. 

" 
7'0 45,000 4'6 4'5 1,055' 55 

" , . 
7 

" 
.. 

" 
6'9 44,000 4'7 4'6 1,281 

" .. 
.5 January .. 1904 5'7 36,000 4'1 4'0 876 

" , . 
12 

" .. 
" 

5'6 35,000 4'0 3'9 871 
" , . 

18 
" 

.. 
" 

5'6 35,000 4'2 4'1 963 
" -

25 
" .. 

" 
8'1 56,000 6'5 6'4 2231'41 , . " 

1 February .. 
" 

6'9 44,000 5'2 5'0 1,441 
" , , 

7' 
" 

.. 
" 

6'6 42,000 4'8 4'7 1,269 
" , , 

14 
" .. 

" 
6'5 , 42,000 4'7 4'6 1,254 

" , 
, . 

21 
" 

.. 
" 

6'2 40,000 4'5 4'4 1,253 4th mile. 
. , 

7 March .. 
" 

5'6 35,000 4'1 4'0 911 Stone bridge, 

10 
" 

.. 
" 

8'4 71,000 8'5 5'0 1,346 4th mile, 

22 
" 

.. 
" 

7'3 62,000 6'2 5'0 l,i1l2 " . 
29 

" 
.. 

" 
7'5 67,000 6'8 5'0 1',309 Stone bridge_ 

-
17 November .. 

" 
7'6 35,000 5'1 0'0 1,747 14th mile, 

26 " 
.. 

" 
7'3 34,000 4'9 4'8 1,524 

" .. , . 

. .. , . 
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STATEMENT No. IV.---<JOtlta. 

Date. Indus at Kotri. Fuleli Head regulator Remarks. at Jamshora. 

Gauge Reading. 

Day. Month. Year. Gauge Dis- Dis- Discharge at 
Read- charge". charJe., 

ing •. 
Up. pown. 

" 

10 December .. 1904 6'7 32,000 4'9 4'8 1,413 4th mile. 

'16 .. .. " 
6'4 31,000 4'7 

-
4'7 1,338 " 

24 .. .. .. 6'1 30,000 4'5 4'4 1,193 .. 
30 " 

.. .. 6'5 34,000 4'9 4'8 1,571'72 " -
7 January .. 1905 6'3 37,000 4'8 4'7 1,438 .. 

13 .. .. .. 6'0 36,000 4'6 4'5 1,270 . .. 
28 " 

.. .. " 5'4 
I 

34,000 4'2 4'1 1,254 .. 
11 February .. .. 6'5 38,000 5'1 Not re- 1,433 " ceived 
25 " 

.. .. 6'4 37,000 5'3 5'0 1,455 " 

11 March .. .. 5'4 .34,000 4'5 Gauge 1,~17 .. 
washed 

18 .. .. " 
6'5 38,000 4'9 away. 1,509 .. 

25 .. .. " 
6'5 38,000 5'0 .. 1,523 .. 

11 November .. .. 9'2 54,000 6'3 6'3 1,950 Stone bridge. 

18 " 
.. .. 8'6 47,000 5'6 5'6 1,780 " I 

25 " 
.. .. 8'2 42,000 5'4 5'4 1,750 " 

2 December .. .. 7'8 41,000 5'2 5'2 1,496 " 
9 .. .. " 

7'4 40,000 5'1 5'1 1,356 " 
23 ' .. .. .. 7'0 39,000 4'8 4'8 1,236 

" 
30 

.. 6'8 . 38,00& 4'8 4'8 . 1,007 " 
" 

.. .. " 
" . 
6 ,January .. 1906 7'7 44,000 5'7 5'7 1,427 " 

131· .. .. " 
7'0 39,000 5'2 5'2 . 1,243 ": 

, 

20 " 
.. 

" 
6'6 35,000 5'2 5'2 " 1,117 ,i 

27 
, 6'3 34,090 5'1 5'1 1,005 .. .. " " 

3 February .. 
" 

6'1 33,000 5'0 5'0 1,007 " 
10 .. .. 

" 
5'9 31,000 4'6- 4'6 819 ,,' 

17 " 
.. " 

5'8 30,000 4'6 4'6 908 " 
24 .. .. ' .. j ".j 6'7 M.OOO 5'1 " 5'1 11.012 
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STATEMENT No, IV,-contd, 

Date, Indus at Kotrt 
]\Ueli lIead regulator 

Remarks, at Jamshora, 

- Gauge Reading, 

~y, Month, Year, Gauge- Dis- Dis-
Discharge at Read charge, charge, 

ings, 
. Up, Down, 

3 March .. 1906 10'3 77,000 10'4 5-8 1,400 Stone bridge, 

10 
" .. 8'S 50,000 7'6 5'0 921 

" -17 
" .. 7-9 46,000 7'4 5'0 953 

" 
24 .. .. 8-0 46,000 7'5 5'0 908 .. 
31 

" .. 8'3 50,000 8'9 5-0 1,032 .. 
10 November .. .. 9'S 62,000 7'0 6'1 1,670 .. 
17 . , .. .. 8-9 55,000 6-0 5'6 1,381 

" 
24 .. .. .. 8'3 53,000 5-2 5'2 1,381 

" 
1 December .. .. 7'8 48,000 4'8 4'8 1,394 .. -
8 .. .. .. 7'5 45,000 4'5 4'4 983 .. 

15 .. .. 
" 

7'2 41,000 4'3 4'2 1,043 .. 
22 .. ' , .. 6'9 40,000 I 4'2 4'1 932 .. 
29 .. .. .. 6'7 37,000 4'1 4'0 942 .. 

5 January .. 1907 7'0 55,000 4'6 4'5 1,059 .. 
12 .. ' , .. 6'5 43,000 4'5 4'4 1,060 

" 
19 .. ' , .. 6'1 38,000 4'2 4'2 904 

" 
Z6 .. .. .. 6'0 38,000 4'2 4'2 903 .. 

•• .. .. .. , ~ .. •• 783 date not given, 

9 February .. 1907 5'5 36,000 3'5 3'5 738 Stone bridge. 
I 

16 .. .. 6'7 62,000 4'5 4'5 1,028 .. -

23 ... . , .. 9'9 103,000 7'8 7'8 2,305 .. 
2 March ., 

" 
10'1 102,000 9'0 5'5 1,508 .. 

9 .. .. ,. 8'3 61,000 6'6 4'4 960 .. 
16 .. .. .. 8-1 64,000 6'6 4'5 1,065 .. , 

23 .. .. , 10-1 J05,OOO 9'4 /i'4 1,220 .. 
SO 

" .. .. 8-4 76,000 7'1 4'S 937 .. 
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Date, ~dus at Kotri, Fuleli ,Head Regulator Remarks, at JaIpShora, 

-
Gauge Readiug, 

Day, Month, Year, Gauge Dis- Dis- Discharge at, 
Readiug, charge, I Down, 

charge, 
Up, 

9 November , , 1907 8'9 50,000 7'0 ,6',6 ,1,886 Fuleli, 
• f"P"',.-

J~ 
" 

.. 
" 

8'4 ~8,oop ,6',6, 6'2 1,775 .. 
, , 

22 .. .. .. 8',1 ,45,000 ,6'S, 5'19 1,140 6t~ furloIJPi' 

30 .. .. .. 7';8 ',42,ooP ,6';1 5',7 ,1,,633 " " 

6 !December " .. 7'p, ,,39,OW ,6'0 5'6 1,462 .. .. 
13 .. .. .. 7',2 38,0011 5',9 5'5 1,4;16 .. .. 
20 .. , ' .. 6'9 ,36,opp 5'9 S',9 832 " , 

" .. 
27 .. .. .. 6';7 ,33,01111 5'7 3'6 762 ,I' " , 

3 January , , 1908 6'~ ~2,OW 5'4 3'1j 760 .. 
10 ,. .. .. 6'2 3l,OW 5'-2 3'3 709 ,l' 

17 .. .. .. 6-,1 32,OpO p'O 3',1 702 
I ~~' 

24 .. .. .. 7'7 ,,47,OIlP JI'9 
" 

4'3 827 " 
31 .. " .. 6'3 33,OpO 1j'2 4',7 1,170 .. 

7 February .. .. 6'0 :29,000 5'9 4',4 1,037 .. 
• 

14 .. .. ," 6'4 34,OpO 5'3 4',8 1~13 ~r' , . 
21 .. .. .. 6'2 ,31,OPO 5'2 4'7 1,152 " 
28 .. .. .. 6'0 ,32,000 5'0 4',7 1,083 .. " 

6 March .. .. 0'6 29,000 4'5 4'0 -1\47 s' 

I 
13 1 .. .. .. 5'5 28,000 )'2 3'S 894 " 
20 .. .. .. I 5'p ,28,000 4'5 4'0 ,902 :" . 

27 " 
.. , I 5'2 27,000 4'3 3'S 899 " 

6 November .. 
" 

9'9 71,000 7'4 0'1) ,1,077'15 Stone bri~e. 

13 " 
.. .. 9'1 59,000 6'9 0'4 ,,507'98 " . 

21 " ' , 

" 
8'4 , !lS.()OO 6'2 5'4 1,535'00 J' . , , 

27 .. .. .. S'O 47,000 5'9 0'1 1,241 " I 
, -... 



.. 
U6 

Date, Indus at Kotri. Fuleli Head Regulator Remarks, at Jamshora, 

, 
Gauge Reading, 

Gauge 
Day, Month, Year. Dis· Dis· Read- charge. Discharge , G. 

ings_ charge. 
Up. \ DOwn.-, 

i 

I , 
I 

- II iDecember .. 1908 7'6 45,000 5'7 5'0 1,328 5/2 mile • 

n " · . II 7'2 40,000 5'4 4'7 1,229 Stone bridge. 

25 , .. .. II 6'5 38,000 4'8 4'3 1,022'07 .. 
1 January .. 1909 6'1 34,000 ,4'7 4'2 987'29 

" 
8 II •• II 6'2 88,000 4'55 4'8 992'05 .. 

15 I. • • .. 6'0 88,000 4'6 4'1 947'15 
" 

22 II • • " 
5'8 37,000 4'7 8'0 889'89 1 

- L " 

5 February .. " 5'6 86,000 4-8 8'9 884'90 
" 

12 .. .. II 5'3 34,000 4'1 3'7 790-59 
" 

26 March .. II 4'7 29,000 6-4 2'8 842'77 Mile 3/1. 

6 November .. " 
9'7 65,000 7-7 2'7 1,036 .. 

18 II .. " 
8'8 59,000 6'8 /)-5 2,826 

~!' 

20 I .. .. a-o 53,000 6-3 5-0 2,407 
" 

27 t, .. II 7'5 48,000 6-0 4-9 1_051 
" -

4 December .. II 7-0 44,000 5'7 4-7 1,~85 
" 

10 II .. .. 6'6 40,000, 5'5 4'6 1,30~ , 

17 .. .. 
" 

6-3 38,000 5-4 4-3 1,173 .. 
24 _. .. It 6-0 38,000 5'2 4'2 1,009 II 

81 II .. II 7'3 50,000 
, 

6'5 4-4 1,197 II 

7 January .. 1910 6-3 41,000 5'7 5'1 2,398 
" -

11 February .. " 
6-4 44,000 6'2 8'3 1,153 .. -

28 II .. II 1i'4o 84,000 5-1 3-7 1,039 .. 
25 II .. II 5'8 34,000 0-0 8-8 1,022 

" 
40 1March .- .. 5'8 38,000 5'7 4-0 1,062 Below stone 

bridge. 
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STATEMENT No, IV-contd. 

Date, Indus at Kotli, Fuleli Head Regula.tor Remarks, at Jamshora, 

Gauge Reading, 
Dis· 

Day, Month, Year, Gauge Dis· charge, Discharge at. 
Read •. charge, 
ings, Up, Down, 

11 Karch ' , 1910 5'0 33,000 5'2 3'7 1,076 Below stODe 
- bridge, 

18 " .. " 
5'2 35,000 5'3 4'0 1,136 .. 

25 
" 

.. 
" 

4'9 33,000 5'1 3'9 1,101 
" , November .. 

" 
9'6 67,000 7'2 6'4 1,656 

" 
18 

" 
.. 

" 
8'S 52,000 6'0 5'0 1,505 

" , 
25 " .. 

" 
7'8 49,000 5'9 4'3 1,284 

" 
2 December .. 

" 
7'3 45,000 5'5 4'4 1,168 

" 
16 

" 
, , .. 6" 36,000 5'0 4'5 1,172 II 

liS 
" 

.. 
" 

6'1 36,000 4'6 4'3 1,140 
" 

SO 
" 

.. 
" 5:9 34,000 4'6 4'3 1,091 .. 

6 January .. 1911 6'0 31,000 4'7 40'S 1,139 
" 

13 
" 

.. .. 5'1 36,000 4'6 4'2 1,123'5 
" 

20 
" .. 

" 
8'1 62,000 7'1 4'5 1,147'7 , . 

27 
" .. .. 8'8 68,000 8'0 3'4 804'13 .. 

-
10 February .. .. 9'3 81,000 8'6 3'0 863 ! " 
17 794 

I .. .. 8'3 64,000 1'8 2'0 I 

" " 
24 .. .. 

" 
7'1 51,000 6'4 S'5 926 

" 
31 Mareh , , 

" 
13'1 157,000 12'4 2'1 781 

" 
3 November .. 

" 
9'3 69,000 7'8 4'2 1,229'90 I .. -

11 .. , 8'1 51,000 7'0 4'7 .,1,561 
" " .. 

17 .. .. 
" 

7'9 50,000 6'6 4'7 1,232 Mile5J3. 

24 .. .. 
" 

7'8 52,000 6'3 4'7 1,230 
" 

1 December .. 
" 

7'5 47,000 6'0 4'6 1,227'6 .. 
8 

" .. 
" 

7'2 45,000 5'6 5'2 1,563'49 
" 

22 .. .. 
" 

6'S 37,000 5'3 4'9 1,228'17 
" I 29 

" 
.. 

" 
6'3 37,000 5'4 5'0. 1.236'26 

" 
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STATEMENq' N:o, ,lV-cantd. 
, 

Date, Indus at Kohli, Fuleli Head Regulator 
Remarks. at Jamshora. 

Gauge Reading, 

Day. Month. Year, Gauge Dis- Dis- Discharge at. Reading. charge, , charge: 
Up, pown, 

11 jan:uary • 1912 5'8 34,000 5'2 4'8 1,349'6 Mile 5;3, .. 

19 
" 

.. 
" 5'6 35,000 5'0 4'6 1,272 

" 
26 

" 
.. 

" 
5'7 35,000 5'0 4'6 1,280'48 

" 
2 February 7'8 59,000 7'3 4'7 1,303 

, .. 
" " 

9 
" 

.. 
" 

7'3 51,000 6'5 5'0 1,427'68 " 

16 6·9 46,000 6'1 5~0 1,~34'3 '. 
" 

.. 
" ... 

23 
, 

6'2 38,000 5'8 4~7 1,303 .. .. 
" " " 

1 March .. 
" 

5'6 35,000 5'1 4;6 1,200'2 " 
8 

" 
.. 

" 
5'4 40,000 5'4 0'9 300'6 " 

15 .. .. " 6'0 51,000 5'6 3:0 646'8 .. 
22 .. .. 

" 
5'3 30,000 4'8 4',4 Q84'2 " 

29 " 
.. 

, 

" 
4'9 26,000 4'4 4',0 995'2 .. 

1 November .. 
" 

9'6 51,000 6'9 6'3 1,308'3 " 
8 

. 
9'0 

" 
.. 

" 46,000 6'5 5'9 1,049'5 .. 
-

17 " .. 
" 

8'3 44,000 6'1 5',6 410 " 
22 " 

.. 
" 

8'0 41,000 5'6 5',1 201'5 " 
29 " .. 

" 
7'6 39,000 5'3 4'7 ~08'5 ' .. 

6 December .. 
" 

7'2 37,000 5'0 4'5 98'9 .. 
15 " ' , .. 6'7 36,000 4'8 4'3 90'3 .. 
20 " .. 

" 
6'5 34,000 4'7 4'2 83'6 .. 

-
28 " .. 

" 
6'2 32,000 4'6 4'2 77'3 .. 

3 January .. 1913 6'1 30,000 4'5 4'1 73'5 .. 
10 " .. " 

5'8 30,000 4'3 3'9 , 34'5 .. 
30 " .. 

" 
5'4 28,000 4'0 3'7 2'0 Mouth. 

.. I : 
. '-_ e ". ~ 
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I Indus at Kotri. 

-- -- --

Date. Fuleli Head Regulator Remarks. at Jamshora, 
- --- -

Gauge Rea(liDg. 

,Day, ~nth. Year. Gauge Dis- Dis- Discharge a1> Reading. charge. 
. 

charge. 

Up. Down. 

- - - -- - - . --- .. -
8 February .. 1913 0'3 28,000 3'9 S'7 5'0 .Mouth 

-

25 
" 

.. " 
4'8 24,000 3'8 3'5 7'0 

" 
-

11 March 5'4 31,000 4'3 - 3'9 45'0 .. " 
18 6'2 36,000 4'7 I ,4'2 50'0 

" 
.. " 

:29 
" 

.. " 
6'7 31,000 5'3 4'6 88'5 

7 November .. " 
8'8 47,000 6'7 6'4' 1,476'0 Mile 5/3 

14 
" 

.. " 
8'5 43,000 6'3 6'0 1,243 

" 
. 21 .. ,. 8'0 40,000 6'0 5'7 1,233'9 

" " , 

28 
" 

.. " 
7'7 39,000 5'7 5'4 1,041'0 

" 
5 Decemb,er' .. ,. 7'4 39,000 5'5 5'2 909 

" 
12 

" 
.. " 

7'1 34,000 O'S 5'0 858 
" 

19 
" 

.. .. 6'7 29,000 0'0 4'7 781 
" 

26 .. .. - 6'4 27,000 5'0 4,'7 765 .. 
" 

2 January .. 1914 6'2 25,000 4'6 4'3 720 
" 

9 
" 

.. " 
6'1 28,000 4'7 4'4 707 

" 
16 

" 
.. " 

5'9 ,25,000 4'6 4'S 575 
" 

:23 
- 6'0 25,000 4'6 4'3 570 

" 
.. " OJ 

. 
-30 .. .. " 

5'9 25,000 4'4 4'1 !i5i .. 
6· February , . 

" o'S 26,000 4'2 3'9 447 .. 
. 

13 OJ .. '/ li"l 25,000 3'9 S'6 ~69 .. 
:22 .. .. .. 11'1 29,000 S'8 S'O 324 .. 
:27 .. .. .. 7'0 36,000 5'5 5'3 799 .. 
~, March .. 

" 
7'5 3;1,000 6'1 5'8 925 .. 

, 
16 OJ . . .. 6'9 33,000 5'5 0'2 ' 879 OJ 

20 .. .. .. fI'8 31,000 0'4 
. 

5'1 775 .. 
27 

" .. I " 7'6 35,000 6'1 /j'8 1,048 
" .-.. _. - , 
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STATEMENT No. IV--contd, 

--
- FuIeli Head Regulator -Date. Indus at Kotri. Remarks. at Jamshora. 

• Gauge Dis-
Gauge Reading . 

Day, Month. Yeai', Reading, charge, Dis-
Disc,:,&rge at charge. -

I 
Up. Down. 

I I 

6 November .. 1914 n'9 96,000 9'7' 8'3 2,799 Mile 5/3 -
13 " ' , " 

12'8 no,ooo 11'3 7'5 2,142 
" 

20 " 
.. " 

11'5 85,000 9'8 7'5 2,149 
" 

27 " 
.. " 

10'8 63,000 9'0 7'5 2,151 
" 

5 December 
, 

10'3 69,000 8'5 5'9 '1,434 · . " , 
, 

" I" 
12 " ' . " 

9'7 54,000 7'9 5'5 1,318 
" 

18 " · . " 
10'4 67,000 8'7 5'5 1,345 , 

25 ", · . " 
9'8 59,000 8'0 5'5 1,323 

" 
1 January · . 1911) 9'3 50,000 7'0 6'0 1,072 

" 
8 " · . " 

8'9 43,000 7'0 6'6 1,649 
" 

15 " · . " 
8'4 4.0,000 6'7 6'3 1,454 

" 
22 " 

.. 
" 

8'2 38,000 6'6 4'8 922 
" 

29 " · , " 
8'1 36,000 6'6 4'8 882 

-

" . 
5 February , , 

" 
7'9 35,000 6'1 5'7 1,302 

" 
]2 " 

.. " 
7'4 31,000 5'7 5'4 940 .. 

19 .. · . " 
10'1 73,000 9'3 5'8 1,338 

" , 
26 .. .. 

" 
8-7 49,000 7'0 6'0 1,409 

" 
6 March .. 

" 
8'6 48,000 7'1 4'1) 1,012 

" 
13 " 

.. 
" 

8'4 41,000 6'8 4'1) 825 " , 

19 8'2 39,000 6'6 4'4 807 -
" 

.. 
" " , 

26 .. .. " 
10'.5 84,000 9'7 5'4 1,219 " . . -

IS November .. " 
10'6 61,000 8'4 8'0 2,670 Below stone 

bridge. 

12 " 
.. 

" 
10'0 54,000 8'0 7'0 2,20S Mile 5/3, 

"- - - --

19 .. " 
9'4 51,000 7'4 6'5 2,325 Below stone 

" .. l, - b~idge, -. 
26 " . ," " 

9'1 47,000 6'5 6'5 2,313 Mile 5/S, 
oo ,. 
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Date, I Indus at Kotri. 
Fuleli Head Regulator j Remarks. at Jamshora, 

, Gauge Reading, 

Day, Month. Year Gauge Dis- DiS- Discharlle a ~ 
Reading, charge. - charge: 

Up, Down, 

3 December , , 1915 8'7 42,000 6'7 6'3 2,133 Mile 5/3, 
, 

10 .. ' , .. 8'3 38,000 6'4 6'0 1,968 "" 
17 .. ' , .. 7'8 34,000 6'0 5'6 1,4"60 " 
24 .. ' , .. 7'5 33,000 5'8 5"4 1,4,28 .. 
-
1 January , , 1916 - 7'1 32,000 5'5 5'1 1~32 .. 
7 n ' , n 6'8 31,000 5'4; 5'0 1,211 .. 

14 .. ' , .. "6'5 30,000 5'0 4'6 1,090 ,. 

21 
" 

' , .. 6'4 29,000 4'8 4'1 1155 " 

28 .. ' , n 6'1 " 29,000 4'5 4'2 955 .. 
5 February .. 5'S 26,000 4'4 4'1 S~ ,. 

11 n ' , .. 5'S 26,000 4'3 4'0 930 '". 

18 .. ' , .. 6'3 31,000 4'7 4'4 953 :; 

25 .. ' , .. 6'5 31,000 4'S 4'6 997 ~:-

3 March ' , " 
6'0' 26,000- 4'4 4'1 9~2 --

11 .. ' , .. 6'0 26,000 4'5 4'2 ~36 

17 .. · , " 
5'9 25,000 4'5 4'2 929 

24 .. ' , n 5'7 24,000 4'3 " 4'0 S~5 , --
31 n' ' , " 

5'7 " 24,000 " 4'3 4'0 898 .. , 
" 

S NQvemDer ' , .. 10'6 64,000 " 8'5 7'7 2,178'93 .. "", . 

11 .. .. .. S'6 48,000 " 1'7 6'9 "" 1,8!!8 - .. ~ " 
IS .. ' , .. 9'0 49,000 1'2 6'4 1,710 .. 

" 
24 " "' .. S.:-4 48,000 6'S 6'0 1,8~S .. ." 
2 December "" · , .. 7'7 37,000 6'2 5'S " 1,~S .. . " . 

8 n .. .. 7'4 37,000 " 6'0 5'6 1,321 .. , 

15 n ' , .. 7'0 86,000 5'7 5'3 I~Or .. ," 
" 

23 .. · , .. ' 6'6 34,000 " 5'5 &'1 1,130 .. • , 
6'5 32.000 " 5'5 5'1 1,113 " 

29 n .. n " , 
" - u-._ . -"'~ 



STATSmEN'l No. IV.-o.mtl. 

Date. Indus at Kotri. Fuleli Head Regulator 
Remarks. at Jamshora. 

Gauge Reading .. 

Day. MOllth. Year. Gauge Dis· Dis-
Discharge at Reading_ chatge. charge: 

. Up_ Down, 
I 

- . - I 

5 January , , 1917 6'4 31,000 5'3 4'9 1,038 Mile 5/3 
• 

12 .. ' , .. 6'1 30,000 5'1 4'7 989 .. 
19 .. · . .. 5'9 28,000 4'9 4'5 988 .. 
26 .. ' , .. 5'8 21,000 4-8 4'4 935 ,. 
2 February , , .. 5'6 28,000 4-5 4'1 858 .. 
9 .. ' , " 

5-5 2!l,OOO 4'5 4'1 833 .. 
17 .. ' , .. 5-6 26,000 4'7 4'3 851 .. 
23 

" ' , " 
5'3 21,000 4'7 4'3 816 .. 

11 MaTch ' , " 
4-9 23,000 4'4 4'0 763 .. 

- 1): 4'8 21,000 4-4 4'0 760 .. ' , " .. 
23 .. ' , .. 4-6 21,000 4'3 3'9 738 .. 
17 November , , .. 12'2 91,000 9-9 4'5 840 .. 
23 .. ' , .. 11'4 16,000 9'1 2-6 388 .. 
1 December , , .. 10-4 64,000 s-! 1'7 292 ·1, , 

7 .. ' , .. 9'8 55,000 T'I) 1'2 235 .. 
111 .. ' , .. 9'3 49,000 T'I 1'5 243 .. 
23 .. ' , .. 8'6 43,000 6-3 1'5 266 " 
28 .. ' , " 8'2 41,000 5-9 2'0 300 

" 
IS January · , 1918 8'1 41,000 6-1 2'3 337 

" 
11 'l'8 . 38,000 5'S 2'5 371 

. ,. ' , " .. 
18 .. · , " 

7,'5 36,000 5-' 2'3 348 .. 
211 .. · , " 

7,'1 33,000 5'5 2'2 366 
" 

1 February · , .. 'l'0 32,000 5'4 2-3 350 .. 
8 6-8 30,000 6'S , 2-3 349 .. .. .. .. 

22 5'9 26,000 4'~ 2'3 349 -.. .. II .. -
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STATEMENT No. IV.-conttl. 

Date. Indus at Kotri. 
Fuleli Head Regulator Remarks. 

at Jamshora. . ,. 
Gauge Reading. 

Year. 
-Gauge Dis- Dis-

Day. Month. Reading. charge. charge. 
Discharge at 

Up. Down. 

1 March · . 1918 '5'6 -24,000 4'1 2'3 380 Mile 3/5 
. 

8 " · . " 
5'1 22,000 3'8 2'3 351 .. 

16 " · . " 
4'9 21,000 3'8 2'2 339 

" 
~2 " · . " 

5'2 25,000 4'3 2'2 339 .. 
31 " · . " 

]3'2 136,000 12'7 1'9 292 
" -

1 November · . " 8'8 39,000 6'9 6.7 1,924'09 .. 
8 " · . " 

8·4- 36,000 : 6'4 6'2 1,758'11 .. 
15 " · . .. 7'9 34,000 : 6'2 6'0 1,682'03 " 
22 " · . " 7'6 33,000 5'9 5'7 1,501'38 " -
29 " · . " 

7'2 32,000 5'6 1)-4 1,454' 17 
" 

6 December · . " 
.7'0 31,000 . 5'4 5'2 1,380' 75 

" 

13 " · . " 
6'8 29,000 0'3 5'1 1,351'07 

" 
. 

20 " · . " 
6'7 29,000 5'0 4'8 1,321'81 

" . 
27 " " 

6'5 27,000 4'8 4,'6 1,224' 51 
" 

4 January 1919 6'6 29,000 4'8 4'6 1,172'52 
" 

10' 
" · . " 

6-4 28,000 4'7 4'5 1,177'28 
" 

17 " -. " 
6'2 26,000 4'6 4'4 1,170 

" 
24 " -. " 

6'1 26,000 _ 4'5 I 4'3 1,055-05 
" 

31 " -" 6'0 25,000 4'31 4) 987'55 ,,' 

4 I"ebruary · . " 
5'8 25,000 4'2 I 4'0 880'46 

" 
13 " · . " 

6'5 30,000 5'0 4'7 1,022' 61 " 
20 " · . " 

7'3 35,000 5'8 4,'2 981 
" 

28 · . 6'5 27,000 5'2 4'J 972 -
" " 

.. 
't March -. .. 7'4 81,000 6'0 4'7 ],166 .. 

14 " · . " 
6-9 29,000 5'5 4-6 : J ,149 

" -
21 " · - .. 6'5 26,000 5'2 4'9 1,296 

" -
28 

" · . " 
7'9 41.000 6'6 4'4 1,269 " 



APPENDIX M. 

STATEMENT No. V. 

I I.-8tatement showing the average fIUYfIIhly discharges of the (5) Khairpur Slale Oana!& for the years 1905 to 1918 (14 years). 

1&05. 1908. 1907. 1908. 1909. 

Kbarlf. Babt. KurU. Babl. ][harlf. Rabl. Kharll. Babl. Itbarlf. Babl. 

- - ~ -
Kame or canal. 

e 
~ ~ ~ Ii 

~ " . ~ ~ Ii Ii 
u • • • • 

... -.i S Ii " " ~ e ! 
. ,Q ..; S> .. " ~ a 1 " 

~ a 
i -.i a • a • a. a • t • 

3 ~ i " ,; 
$ I" ,; E ! " " 

,:. ~ $ ~ ,:. !l, $ ,:. i 
,:. 3 • ! ,:. c ~ 

~ • ! 2' ~ § • 
~ .. ~ .. • .. 0 .. • ~ .;; • ~ ~ 

tl 

• • .Il 
c ... 

& .. .. .. .. 0 .. .. .. .. .. 0 ... .. ... .. 0 .. 0 .. 0 

1 Kbabarwab •• .. .. .. 70 70 17 .. . . 1. 8. 81 27 .. .. . . 12 28 .. .. .. U 27 •• 21 .. .. , 1. .8 " .. .. .., 
~ 

I 8atblowah .. .. . . 720 1.1'19 1,099 860 28. 100 747 872 1,265 •• 2 01 • 7. 60. 7<2 87< .7 1 180 .. 826 1.11t 1,320 876 10. .. 770 •• 2 1,S6' 1,216 27. &( 

• Hirwab (New) .. .. 778 7.1 777 888 , .. 078 814 8.7 217 .. .. .. 10. ••• 12 .. .. "0 .14 78. .82 28 ., •• 0 641 810 670 1& •• 

, . 
.. Mtrwah (Old) ' .. .. 1,780 1,822 1,501 018 10 .. 1,081 2.052 2,201 1,685 10. .. o. ..1 1,876 2,. 18 .. • 71 1,739 1,.,40 84. . .. .6. ..0 1,678 1,880 .. .. 

6 HaIDwab .. .. .. •• 2 .oo .00 800 .. .. 28. 410 ••• ••• .. .. 130 180 '860 18. .. .. 20' .00 .2. 881 .. .. 1.8 28. •• 8 .86 .. .. 

---,-----

-=1-= 
--------------------------------------------

Total tor State .. .. 8,683 4.312 3.s:.'i' 2,485 2,807 4.237 6,0540 8,286 82' 16 1,239 l,9S1 8,220 996 198 ~. 1,955 8,894 4.505 2,808 139 ., 1.7.1 •• 771 •••• 11 ••••• •• 0\ ., 

. 

Mean of 8eBlon .. .. 8,682 200 8,846 •• 0 1,857 •• 8,BS9 7. 8,178 17. , 
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~ 

I.-Statement showing the average monthly discharges of the (5) Khairp'I.t, State Canals for the year. 1905 to 1918 (14 years)-contd. . . 

iSIO. 1911. t912, 1913. 1914. 

Kharlf IeSlOD. I Robl Xharll l8&80n. Robl KharU seanOD. Robl KurU &eason. Rab! I Rharlf 18&100. I ]labl 
116g0n. • eaaoo. Muon. _OD. lealOD • 

Name of Caul. ---• .. :i .. I ~ ~ ~ Ii I .: • • • J 

,I I ~ :i ~ ~ " ~ 

1 

~ 

:i ~ .; :i ~ t 
.: e ~ e • e .; t e a t • • 

I~ 
~ ~ ~ 

~ .; 

i ~ 
• .; .. 3 

~ • .; .. a .. • a .. 
~ : g ,:. ! § • g if '" • ~ • ~ '" 0 .. • 0 .. .. • 1: • .. • • ~ • .. • • .... 0 .. ... ... .. .. 0 .. ... ... • .. 0 J< ... ... ... .. 0 .. ... .. .. 0 .. 

I 
1 I Kb6harwilh •• I .. ,.1 t;,1 •• 1 lSI •• I •• I •• 1 151 161 51 •• I •• I .1 551 .. I .. 11861 •• I 181 161 '·1 .1 •. I •• I 81 8.1 .. I 8 1 ,. I .0 

~ 
z I 8athlowab 

6 > .... 152' 7141 1,061 7881 1211 •• SOO! 9211 1,044 7841 284 ••• 9801 1,118401 1,585 ". .,s 8181 1,185 '1501 2591 11S 6511'1,0891 1,801 747 I SS.I ... 

~ 
:II 

a I Klrwab New No. 11 su ". '" 2541 •• 608i m 51' ••• 2 •• 0 321 8511 1,065 186 • 85 ,s, .0. '28 3, •• 2.< .'8 ... ,S' 69, .. 

4 I Mlrwab New No. Z "41 1.1671 1.171 90 ••• .7. a'6 488 196 I •.. .2. 711 688 628 112 .... 

5 I Mlrwab Oil •• 90s1 1,3'21 2,122 9701 1'9, .0 1,8101 1,1801 1,180: 70' 7, .0 

• Hlllnwah 

Total for Stato 

.. , •• ,1 .78' ,.. ., •.. , .. , 517 .52' a.. ,., "1" •• , ." 7 •• ' ., ,.. 2" a., "'1 ,.. ""1 2." 53, ,.,, .,. ,"L 
.. ,I~-=I-=-=-=-·-· -::-::--.:-:: ... -,-, ' .... -=-=1-= ,s.-.-, -=-=-=-=-=-=-=--=-=-= -=1 .. • 

) ...... , ...... 2,880 '86 2,868 ltG'5 2,085 81'5" 1.976'5 190'6 I,S8lt 401'5 

,ora.-Aftfr Octobor 1'.11, IIb"alI O~ ato~ped llowl~1 an4 ~ bun4ef1 up. a ~w hea4 W8II flven to't¥.o Oanal whle4"" benoofortll ealleeJ Mh'wab Jfow Nq, ~ 

"" '" '" 



l-Sf4ltmIent .1wwing tile a_age tntmIhly dischargu oj 1M (5) Khairpur State OatuJli, jor 1M yeQlf8 1905 to 1918 (14 yea-T8)-contd • 
. 

1 
. - 1816. 18lS. 

uno. 
1817 • 1818. 

, 
I~ XIwII. llab!. Xharlf llabl. XIwII. llabl. xlwII - Sharif. Rabl. 

n..HABKS. 
11 .... 01 Caul. .' --- --- -

,; ,; ,; j t ~ I" 
,; Ii t Ii 

.8 Ii .8 e 
e ,; 

i ~ Ii Ii A Ii ~ l 1 e a " " a I .; .. i i e .; ,:, ! JI i i ~ ,:, ! l ! 
.; II i. i ! ! .. i. 

• .. , 1: ~ • .. .. 11 g • ,:, ~ 
= • • • ~ • 

e 

., ... .. '" 
., .. .. ... .. oil ., .. .. '" 

., ~ .. oil ., .... '" 
., .. -

"",h·Cbarlo .,668 1.&8& 8,055 1,611 806 U7 1,608 .,852 •• 'lUi 1,059 1081 16& 1.01< .,.,8 "018 8,071 1118 .. 1.878 1,878 0,676 1,887 &21 .. 1,818 8,810 .. .. ., .. Note 1. 

.. 
.. 

.twab So. Z .. .. 214 20 .. .. .. . . .. .. .. .. .. .. . . .. .. . , ., NoleS • 
.. . . . . .. .. ., ., .. .. ., II 

"" , 

Ilabar".b .• .. 11 • .. .. II 1\ 36 8 7 67 . , t 6 • 9 .. .. 16 19 .. .. .. .. Nolo t. 
. . . , .. .. .. It 

g: 

~lDW'dh .. . 23.& 060 ; 301 10. .. . . 106 .. 2'1 38 • 60 '1(0 no 398 6& •• • 8' i&O IUS 1D8 a.& 1fB6 .. .. .. .. 
" .. .. .. .. 

II 

-"- -- :----1--

~::.: ·,··r: --------------- ----- - ----
8,174 ',166\ ., 

tal for 8tDte 608 Iff 2,716 :?,1O-i 4.1H 2,012 1081 106 StOlt 2.826 ','185 a,'91 lZ71 •• a,2M 1,68' 1,980 1,116 622 •• .. .. .. 
---. 

T, 

--
I8D of 81~a.on 2,708'6 378'6 2.9S0'6 818 8.288 ,81-' 1.718 HI 8660'5 

I Average for IUDe aDd 
July only • " 

•• l.-Tht. lie" mouth (Hlnrah Chulo) food, Khaharw&h, Sathlowah, Hlrwabt No.1 and No. Z. 
Rote 1._DllIcharge leotlon at Hlrwah Qharlo axed below the point, whore Khaharwah takel 01 , o!'lng to orolloD at tbe head o.n and after 9tb Jul,. 1916. 

N'" 8.-01d mouth iii tbta Oanal hal all. beeG op" ... od' op: 19th Joly 1916. 



n.-Statement s1wwiflf} the IYOe'flVje IIIMIIhty d-ischl!rgeB of all the Khairpwr State Ocmala (ll} for the years 1905 to 191ft (6 Yetl'l8t. 

1905. 1906. 1907. 

, . . 
Kh&rif Season.. Rabi. Khanf. Raht Kharif. RaIlL 

Name of Can&L 
.: j j j 1 'j 6 .. .8 .: .. i i 

z , a .8 a a ! .. 
~ 

m 

f g, 1 
d I g ~ ~ $ s ~ A ~ 

.s s 1 t .s 'C "- go i .; Q a 0 :il ~ c3 
~ .., <II '" 0 Z '" 0 <II " 

, I I 
1 Khaha.rwah . . .. . . . . . . . . .. 48 70 70 1~ - .. . . 18 lig- 81 i ~ .. .. " 12 !\I' •• .. -2 Sa.thiowah •. .. .. .. .. .. .. .. 72( 1,179 1,091 i 882 286 100 747 872' 1,265 962 515 75 604 742 814' 571' 180 .. 
3 Mirwah (New) .. .. .. .. .. .. .. 771 791 777 381! 4 .. 678 1114 1167 2t~ .. .. - • 158' 29: U l •• .. 
4 Mirwah (Old) .. .. .. .. .. .. .. 1,760 1,822 1,56! 918 10 .. 1,081 2,052 '2,2M' ~ l,58G' 109 .. 491 i 1161

' 
lo67l I 271J I 18 .. .... 

~ 
Mainwah 362 • 400 300 285 fiG 634 '49; 136: 186 ' 

, " S .. .. .. .. .. .. .. .. 450 .. .. .. .. 350' 133 .. .. - , 

Bodliwab 20 32 ' 46 14 IIi ~ M 2( 3! .' 6 .. .. .. .. .. .. .. .. .. .. .. .. 8' 13 .. .. 
7 LoI""wah .• .. .. .. .. .. .. 76 127 110 77 .. .. .. 55 120 1911 147 -- 28 5!1- Ul! ' 31' 

.. .. .. .. .. 
8 Ahulwob (below bead of Fm Noh .. ) .. .. .. 660 982 787 546 41 .. 525 1104 983 771 41 .. 443 362 615 225 .. " 
Il Foiz liiah&r .. - .. .. .. .. .. 219 543 340 199 3 .. 60 204 319 286 7 .. 40 71 19< 41' .. .. 

10 MOOhuw&h .. .. .. .. .. .. .. ' 92 245 203 79 4 .. 77 126 162 94 3 .. .. 2 '1 5 . . .. 
11 Jodiwob .. .. .. .. .. .. .. .. 80 137 95 75 4 .. - 211 554 '129 655 4 .. 3 80 204 48 ..' .. . 

1-----------------I- - 1--:-- - -Total for State .. .. .. .. .. .. 4,82 9 6,37 8 5,488 3,476 352 100 3,750 _ 6,077 7,504 5,159 679 76 1,756 2,1161 4,440 1,.356 198 .,-
I 

Hean of SeasOD .. .. .. .. .. &,043 22& 5,811. In t,m Uf , 



.; ,.. 
j 

1 

2 

3 , 
5 

b 

7 

8 

9 

10 

11 

n. - Slal",,,r.t IMwitlg tl,e amoge m<tlt1ily ditrkarfies 01 all tke Kkairpur State (Jaflak (11) lor tke years 1905 ta 1910 (6 years)-'-oontd. 

Kb"IlBrw"h 

S&tbiow&h •• 

Mirwah (New) 

l!irw.h (Old) 

Mainwah 

Bodliwah .. 

Lalariwah .. 

Na.me of Cnnal • 

Ahulwah (below hend of Faiz Nahn,r) 

Faiz Nahar 

lIadhuwah 

Jadiwah 

Total for State 

Mean of Soason 

• 

1908. 

Kharil SeDon. 

~ ~ 1 
'14 27 35' 

j 
j 
r.8 j 

R.bi. 

~ 

.8 

J 

8261 1,1141 1,320' 

21 

876 101 

240 614 7861 . 482 

67111,73911,746 

20~ 460 6~ 

11 

42 

456 

28 60 

-175 

878 

843 

381 

13 

75\ . ' .. 

353 

98 

18 

135 

113 

71;2 

230 

105 

3481 ' 138 

204 69 

5471 1,083 412, .• 

281 .. 

21 .. 

~ 

. 7 

7701 

I 

350 

466 

198 

10 

41 

452 

101 

31 

6S 

1000. 

Kh.rif. Robi. 

,;. 
~ 1 i i 

o 

i 
.1; 
z 

10 58 471 ':. 

9621 1,3541 1,2151 . '2751 "50 

541 810 5701 •• 151 .. 

9601 1,6761 1,330: .. 

289 

21 

81 

6661 

162 

245 

171 

553 

51 

1~ 

746 

182 

203 

282 

536 

18 

691 ':. 

420'1 •• 

76 

70 

259 

1010, 

Kharif. 

.~ ... ~ 1 i 
19 46 13 

'j 
Cl 

RobL 

.: 
',8 

.! 
~ 

13 

752 

314 

7141 1,061 

'468 '457 

7361 121 

•• 90811,3421'2,122 

,285 373 468: 

'254 

970 

276 

761 '. 78 

1801 213 

1,3801 

350 

. 152 

762 

714 

208 

90 

690 

149, •• 

, . 

.. ,-;:i-;':I~l~-:I-' -··-:':-;:I~I~--:f--:~I:':I-:::I:::~ 
4,825 70 4,316 170 4,110 135 

'"" :~ 

\ 



Months during which Canala 
flowed. 

1 

June 

July 

August 

September ... 

l[can discharge for 4: months, 
June to September 

October 

Noyember 

Mean dlscharge for 2 months. 

111.- Sfafff1lEflt of a''£I'age di8chargcs (earll month) for all Oallai8 fot' years 1905-1910 (6- years). 

y ..... 

----------.----------~--------~----------~--------~----------I AvoNgoror8 yean discharge 
1905. 1906. 1907. 1908. 1909. 1910. for each month. 

~ 3 4 5 8 7 8 

4,829 3,750 1,755 ~,715 2,494 2,272 2,969 

6,378 6,077 2,561 5,669 to, . 4,117 2,916 4,620 

5,488 1,504 4,_ 7,253 6,033 7,010 6,~88 

3,475 5,159 . 1,356 3,663 . 4,619 4.2t2 3:li;3 
, 

,-

RBliABU. 

9 

The names of the Canala of which 
the discharges were meuured are-

(I) Khaharwah. 

.(2) Sathiowah: 

.(3) Mirwah (~.w). 

, (4) . Mirwah (Old). 

(5) Main,wah .. 
·-1 . 

5,043 5,623 2,528 4,825 4,316 4,110 4,~8 

--------:-----:----"'-'-'1 I 

352 679 II 198 139 . 290 270 321 

100 75 38 

(6) Bodliwah. 

. (7) LaJanwah" 

. (8) Ahulwah. 

'. (9) Faiz Naharwah. 

; {IO) Madhuwah. 

(II) Jadiwah. 

~ 
.. 

Nove~ber and December .. 226 377 r--I 70 170 135 180 

'" ~ 
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APPENDIX N . 

com ARATIVli: ESTIMA'rES 

roa 
BAR&AGE WITH MASONRY SUPERSTRUCTURE 

AND 

BARRAGE WITH STEIilL SUPERSTRUCTURE. 

In the following estimate No. 1 for Barrage with masonry superstructure, the design 
is identical with that shown in Drawing No. 43 and Estimate No.4, except that the uPl-tream 
areh of the Gate bridge is made only 5' wide instead of 8' as shown $In the plan. 

Thus the Gate bridge Clonsists of two arch ribs each 5' wide. This gives sufficient strength 
, to carry all loads due to the gates, etc., and to people on the bridge. The design of flooring 
over the gap between the arches is identical with that shown on plan 43. This bridge as per 
estimate No.1 corresponds in eHect with the steel superstructure shown in Drawiog No. 4,7 

and Estimates Nos. 2 and 3, i.e .• it provides only for a foot bridge and for supporting the gates 
and machinery. The object of the 8' wide upstream arch, shown on Drawing No. 43 and 
Estimate No. 4" is to carry the 3-ton travelling crane. This is not provided for, nor is it possible 

with the steel superstructure, and provision for it is therefore wnitted in this comparative 
estimate No.1. The comparative estimates include. in each estimate, all piers and super
structure complete, above Soor lev!'l, but not the floor, gates and machinery which are common 
to all designs. 

1.he rate. adopted lor the mllBCnry work in all estimates are the same as those in the general 
estiJrates of the Project, i.e., they are about 20 per cent. aI:·ove pre-war prices. 

In Estimate No.2, the rates taken fer steel superstructure and steel Iattire girder bridges 
for road bridge are the pre-war rate8 given by Mr. Ashford .. 

In Estimate No. 3 the rates for steelwork have been incre_d by 50 per cent. to allow 
lor rise in post-war prices. 

Estimate No. 4, is for the masomy superstructure now actually proposed, i.e., strelll!1ihcned 

to carry a 3-ton travelling Clane on the gate briuge. As the steel superstructure cannot in any 

case carry such a load, this estimate No. 4 i~ not really comparable with estimates 2 and 3, 

but it will be seen that even with this large extra provision, the masonry structure is cheaper 
than the steel structure even when the latter is calculated at pre-war prices .. 

The attached statement shows the comparison of all these estimates. 

Ab&tract 8h01lJing Comparative Cost of Masonry and Steel SUpeTstru=ture for Tla"age. 

E.timaee No. I-Matonrg superstructure for similar loads to steel superstructure, 
: i.e., witllOul Ct'aneway (details (.n page 263) •• 

E.lilllare No. 2-Steelsuperstructure at pre-war rates (page 262) •• ' 

Saving by substituting masonry for steel 

Estimate No. I-As above .. 

Eslima.l6 No.3-Steel superstructure at 50 pe-r cent. above pre-war rate. (page 262) 

Saving by substituting masonry lor steel •. .. 
• 

Rs. 

24,60,683 

29,29,467 

4,68,78~ 

24.60,683 

37,66,264 

13,05,581 
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Estimate No. 4-MaBOIIrY IUptf'stttUltur6 actually proposed, i .•. , iflCltuling pro- Ra. 

vision for craneway and 3-!on tt"lieilillg C7'''''' (psge 262) . . 28,05,604 

Estimate No • . 3-Steelsuperstmcture at 50 pet" Ce1It. above pre-tJJfJr rates (psge 262) .. 37,66,264 

8af1ing in fatJOur of proposed design •• ; . 

Oomparison oj Stu/am Masonry. 
Mr. Ashford's design with steelsuperstmcture. 

Steel Work-Gate Bridge-
35 tons' at Rs. 13-S a maund .. 

Hand railing and Hoor 

Road Bridge-Steel Work 

Roadway-
Cement concrete in troughs 65' x25' x6' average = S15 c. ft. 

at Rs. 45 per 100 •• 

rConcrete for footpath 2 x'70 x3 xS" = 2S0 c. {to 

I at Rs. 17-S per 100 •. •. •. 

I 
Kerb stone 2 x70 x6x12' = 70 O. ft. 

at Rs. 150 per 100 •. . . . . 

saIne as' P':ving2x70X3x3" = 105c. ft. 
ma~onry I at Rs. 70 per 100 • . • . . . 

d~sJgn I Roadmetallx70x16xS'=747 c.ft. 

at Rs. 4 per 100 . . • . • . 

I Consoli(lation 70 X 16 = 1.120 s. :It. 
l at Re. 10 per 100 

Piers-
R. L. 176 to 215 

39 feet. 

Cut and ease waters 

2 x61'5xS9 
Pier-

(B) 

.. = 4,797 c. ft. 

1 xf)5'5xl0' x 39' .. = 21,645 o. ft. 

26,442 c. ft. 
• 

at Rs. 40 per 100 

End abutmenll-
(j5'5x14'S7 x39 .• = 31,088 

Downstream Wing wall same 
as masonry design. . _. ,= 12,432 

43,5~O c. ft. 

at Rs. 40 per 100 .. 

9,60,660 

Dcta;/,s. 

Ra. 

13,000 

650 

1~,G50 

10,500 

(A) 

Rs. 
366 

49 

105 

73 

30 

112 

735 

24,150 

Ro • 
10,577 

(e) 

&
l'i,400 

.---
(1) 



(A) 

(B) 
(C) 
(D) 

." 

282. 

EBTUU.~ N~. 2. 

Abstract. 

66 Spans Steel W O1'k RB. at 24,150 
:&adway .• Re. at 735 
65 Piers .. Rs. at 10,577 

2 End Abutments Rs. at 17,408 

Cost of painting in first 6 years •• 

Capit~dc< st of painting thereafter once in 5 years 
Capitslizedcost of depreciation of timbEr decking 
Contingencies at 5 per cent. on RB. 23,64,731 

. ESTIMATE No.3. 

Cost at pre-war rates 
Add 50 pet' cent. adtYmce on .!eel W01'k- . 0 

50 per cent. 0£15,93,900 

Contingencies on same •. 

ESTlHATIii No.4. 
o 

008t of MatJonry design for BMFOfJe. 

With arrangements for crane and craneway-

(1) Land abutments ••. 2 at Re. 53,346 

(2) End abutments (omitting regulator 
connecting walls) 2 at RB. 39,509 

(3) Abutment piers 7 at Rs. 60,066 

(4) Ordinary piers 58 at Rs. 28,686 

(5) Centering. • . Set 
(6) Crane track and orane (Re. p!t18 22,540 Re. 12,000) 

• 
0' 0 

Add cost of painting steel girders in first 6 years 

.. 

o. 

Rs. 

Capitalized cost of painting st.eel girders after 6 years every 5 years 
Capitalized cost of annual repairs to parapets, etc., and pointing arches 

at Rs. 2,000 per annum 
Contingencies at 5 per cent. on Re. 25,70,919 

008t qf mtJ80nry design /JB proposed with cranes and craneway Rs. 

Cost of masonry design without crane and craneway 0 

Rs, 

" 15,93,900 

48,510 

6,87,505 

3:1,816 

23,64,731 

1,54,000 

2,50,000 

42,500 

1,18,236 

Re. 29,29,467 

.. 
Rs. 

Ro. 

29,'29,467 

7,96,950 

;i9,847 

' , 
37,66,264 

Rs. 
1,06,692 

. 79,018 

4,20,462 

16,63,788 

2,66,419 

34,540 

25,70,919 

15,840 

40,000 

50,000 

1,28,545 

28,05,304 

24,60,683 

Extra cost for providing travelling cranes and inoreasing strength of 

bridge 3,34,921 

• 
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• 

263 

ESTUIATII: No. 1. 

008t oj M<J8orwy de8ign without crane and craneway. 

Using 9 sets of centres and 7 abutment piers, cast iron bracket support_ 

66 spans of arches, etc., for Road bridge and Gate bridge 66 X 13,042 
66 spans gh:den and flooring for Gate bridge 66 X2)1l0 •• 
'i abutment piers 7 ).:40,414 •. 

58 ordinary ,,58 X 10,819 •• 
2 land abutments 2 x45,000 (approximate) .. 

Extra for filling in slots in piers-
59 ordinary piers ))9 >«48 plus 82) 
9 abutment " 9 x(108 plus 72) •• 
2 sets of oentres and supports for abutment piers for ROad bridge less 

salvage value 2 x 10,920 ., 
2 sets ditto for Gate bridge 2 x 7,458 •. 
7 sets ditto for ordin&ry piers, Road bridge, 7 x 10,818 
7 sets ditto " "Gate bridge 7 x7,388 
2 extra sets of O. 1. lWack&8, beil.rns, eto., for Road bridge (lrdinary pier.! 

2 x 1,798 
2 ditto. ditto Gatebridge2x1l66 

Total cost of plaoing and removin!,! all centres and supports for 
. Road bridge 

Ditto. ditto. Gate bridge 
Cost of timber staging on barges (10,000 pIAu 3,000) 

Cost of special taokle, jacks, winches, rollers, etc., and lifting tackle, 
salvage value, say .. 

Add-Contingencies at 5 per cent. 

Add cost of painting steel girders in first 6 'years 
" capitalized cost of painting steel griders thereafter once in 5 years 

less 

" capitalized cost of annual repairs to parapets, etc., and pointing arches, 
etc., at R •. 2,000 per annum 

Total CORt Rs. 

Rs. 

- 8,60,772 

- 1,41,900 

- 2,82,898 

- 6,27,502 

- 90,000 

- 4,720 

- 1,620 

- 21,840 

- 14,916 

- 75,726 
~ 51,716 

- 3,586 

= 2,332 

= 15,090 

- 15,090 

- 13,000 

20,000 

22,42,708 
1,12,135 

23,54,843 
15,840 
40,000 

50,000 

24,60,683 



APPENDIX O. 

SAVING DUE TO MAKING COuNTERWEIGHTS FOR BARRAGE, GATES OF 
. . . . REINFORCED CONCRETE . 

• S~CTlo!~ 'I. 
Barrage Oount.;Tweigh!s. 

In Mr. Ashford's design, the counterweights for Barrage gates are made up of a steel casing 
filled with sand. Th«: ~eight of the steel casing is estimated at 25 tons.1'his at pre-war rate 
of Rs. 370 per ton would cost Rs. 9,250. 

Sand weighs only .95 lb. per c. ft .. and the counterbala!lce casing has to be made sufficiently 
large to contain enough sand to make up the weigh~ of 92 tons. The size of the casing require 
is 60' x8' x6'. 

A solid concrete counterweight reinforced with steel rods, need -be only 62' X 3' X 8'.. Details 
of cost of such a counterweight are given below, from which it will be seen that the net saving 
per counterweight, by adopting, th¥ design will be Rs. 6,000 (excluding contingencies) or 
Rs. 3,96,000 for the Barrage alone. 

The width of the concrete counterweight will be only S' as compared with 6' of the steel 
casing and so the gap between the two arches forming the Gate Bridge can be made 3' less in 
width, thereby shortening. the piers by 3'. This again will effect a slA"iog of ~. 1,07,806 in the 
cost of the Barrage as per details given below: 

The total probable saving on the Barrage alone, if counterWeights for gates are made of 

concrete, will thus be Rs. 5,03,806. 

If the rate for steel counterweights is taken at 50 per cmit. above pre-war prices they will 
cost each Rs. 13,875 and the saving by substituting reinforced concrete weight£, will be Rs. 10,625 
each or over Rs. 7,00,000 for the whole Barrage apart from the saving of over Rs. 1,00,000 in 

cost of piers. 
SECTION II. 

Regula/M Oo-unterweigh!s. 
The counterweights for regulator gates can also be made of concrete similarly reinforced, 

and these again will effect a considerable ~avin!!. 

ABSTRACT. 

Items. Rste. Per Amount, 

BARKAGE. Rs. a. p. Rs. 
Saving due to making counterweight of concrete- and -

reducing tM width of Gate Bridge by 3 ft· 
No. For Details, see page 265 and 266. 

1,260 o Each. 2,520 2 land abutments · . · . · . · . · . 0 
2 end abutments · . · . · . · . · . 1,658 0 O. " 

3,316 

58 pier spans · . · . · . · . · . 1,439 0 0 " 
83,462 

7 abutment pier spans .. · . · . · . · . 2,644 0 0,. " 
18,508 

Total saving on masonry-Indirect · . . ... .. 1,07,806 . 



, 

-

Items. 

265 

ABSTRADT--<:ontd. 

Saving in cost of counterweights alone-

Steel counterweight costs .. .. .. .. 
Concrete counterweight costs .. .. . . 

For Details, see page 10. 

Saving .. 

Rate. 

&. a. p, 

9,250 0 0 

3,250 0 0 

6,000 0 0 

On 66 gates Saving = .. .. .. 3,96,000 0 0 

Total saving on counterweights-Direct .. .... 

T otal saving due to making countell"eights for gates 
of reinforced concrets and reducing the width of 
Gate bridge by 3 ft. == .. .. .. .. ., .. 

Saving due to 8hortening pier by 3/t. 

F or each pier aM 2 half 8pana-

1,470 c. ft. Random rubble Floor .. .. .. 2~ 0 0 

1,875 " 
Pier Masonry .. .. · . .. 40 0 0 

675 " 
R. S. Beams .. .. .. ' .. 250 0 0 

47 
" 

R. p. Beams .. .. .. .. 150 0 0 

45 " 
R. C. Slabs .. .. .. .. 120 0 0 

-

'or each abutment Pier aM 2 half 'pans-

1,785 c. ft. Random rubble Floor · . . . 27 0 0 

4,687 " 
Abutment Masonry .. · . .. 40 0 0 

675 .. R. S. Beams .. .. .. .. 250 0 0 

47 .. R. C. Beams .. .. .. .. 150 0 0 

45 .. R. C. Floor .. .. .. .. 120 0 0 

• 

Per. Amount. 

&,a. 

.. 3,96,000 

.. 5,03,8011 

100 397 0 

100 750 0 

Ton. 168 0 

100 70 0 

100 54 0 

Total .. .1,439 0 
, 

100 482 0 

100 1,870 0 

100 168 0 

100 70 0 

100 54 0 

Total r 
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ABSTRACT_nUl. 

Items. 

F or tke End Abutment of Road Bridge-

1,092 c. ft. Random rubble Floor .. .. 
42 s. ft. Steel Sheet Piling .. .. .. 

2,445 c. ft. Masonry .. .. .. .. .. 

3,375 .. R. S. Beams .. .. .. .. 

53 .. R. C. Beams .. . . .. .. 
45· .. R. C. Slabs .. .. .. .. 

or tke End Abutment of Gate Bridge-F 

1,320 c. ft. Random rubble Floor .. .. .. 
.. 

1,800 .. Masonry .. .. .. .. .. 
3j20th ton R. S. Beams .. .. .. .. 

74 . , R. C. Beams .. .. .. .. 

43 .. R. C. Slabs .. .. .. .. 

Rate. Per. Amount. 

Rs. a. p. Rs. a. 

27 0 0 100 295 It 

4 0 0 One. 168 0 

40 0 0 100 978 0 

250 0 0 Ton. 84 0 

150 0 0 100 79 It 

120 0 0 100 54 0 

Total .. 1,658 0 

27 0 0 100 357 It 

40 0 0 100 720 0 

140 0 0 Ton. 21 It 

150 0 0 100 111 0 

120 0 0 100 51 It 

. 
Total .. 1,260 It 



MEASUREMENT. 

Saving due to rerludmg width of Gate BMrlge by 3 feet • 

• 

- No. Length. :Bre~dth. Depth. Quantity Total. 
Decim. 

-

. 
1. Floor-Random rubble-

Piet span · . 1 70 3 7 1,470 c. ft. 
. . 

Abutment -piet span. 1 85 3 7 1,785 " 

End abutment .. 1 52 3 7 1,092 
" 

Land abutment · . .. 3 44 - 10 1,320 
" 

2. Superstructure-
· 

Piet. R. L .. 238' 5 .. 1 3 10 62'5 1,875 c. ft. 
176'0 

.62'5 

Abutment -piet do. 1 3 25 62'5 4,687 " 

,-- .. • ... 11 •• End abutment. 1 3 10 23'5 705 

!.-,. 1 3 14'87 39 1,740 
2,445 o. ft . 

. '!~ .. 

MEAN . , .. a1 2 3 10 11'5 690 Land abutment 

2 3 9 8'0 432 
.J'!i-. 

~""5·-~ . . 2 3 8 8'0 384 

2 3 7 7'0 294 
1,800 c. ft. 

S. Steel Sheet Piling-
, 

End abutment . . . . .. S 14 . . 42 s. ft. 
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MEASUREMENT-contd. 

-- No. Length. Breadth. Depth. Quantity 
Total. Decim. • 

. 
4. Fier and Abutment Piet-

R. oS. Beams. 

These will be 21 feet i ~tead of 24 feet. 

Cost will decrease by lth. . , 
1 5-4 tons. -675 tons. 

5. R. O. Beamll · . · . 1 3 78 . . 47 c. ft. 

6. R. O. Slabs · . · . . . 3 60 3" 45 (l. ft. 

End abutment of Rord 
Bridg~-

4A. R. S. Beaxns · . · . 1 27 .. '3375 Tons. 

5A. R. C. Beaxns · . · . 1 424 .. . 53 c. ft. 
OA. R. C. Slabs oo oo 2 3 60 3" 45 c. ft. -

Land abutmentfor Gate .. 
bridge-,-

4B. R. S. Beaxns .. .. 4 3 ",t 30 Ibs .. oo 3601bs. 

liB. R. C. Slabs .. oo oo 3 30 3" 22'0 

oo 3 22 3" 16'5 
oo 3 5 3" 5 

44 c. ft. 
1'4 

5B. R. C. Beams .. · . 1 - 591 oo c. ft. oo 

See I)rawing No_ 47. 
Reinforced OOfKJf'ete Oountenoeights for: Baf'rage. 

Actual wei1J'" of countenoeiglat-

52' 8" X 8' X 3' .. 
Ends 2x4'8"x3'x4' 

Deduct pockets-
6' X 6' x 2' 6" x 12" .. 

.. = 
.. = 

c. ft. 
1,264 

112 

1,375 

90 

1,286 c. ft. of reinforced concrete at 150 10. 
Tons. 

=86 
.:Add for pulleys and wall boxes 2 

88 

90 o. ft. of Bmall concrete blocks will weigh 6 tons and by adding such blocks in the 
recesses provided, tbe weight of the connterweight can be 8djusted between 88 to '9l toils, 

. -whereas the estimated weight required is 92 tons. 
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, ., 

The distance between centres of pulleys is 07':but the clear span is 60', when the weigh* 
i ·1 

are resting in the grooves. They then have to sUPP'1rt their weight on t.lriB span. 

Ma.xlluUIn weight with all adjusting blocks 

Add for ma.gin, say 
-

TODS •. 

.. = 94 

6 

100 

Maximum bending moment = t X WI ~ t X ,~OO' X60 X'12',' 9,000 inch,to~'7 
Section at centre. . .... .. 

n 

T' 'N .. 
T· 

'w 
ft 

. J - : ...... - ~ 

~ ",.--t 

Do. do. in steel 
and n = ratio of elasticity, 

= 10. 

/. ; ,. 

} ~ '( '.' " .' ~,l ", 

= 16,000 lb./sq. in. 

Economical percentage, when. both concrete and steel reach the full limit of pressure 

together. 

t. t" 
_(-+1) 

'." " .. , fo . nfo' 
0'5 

i6,OOO 16,000 
-.-( '11) 

600 10x600 
. ,,' ." ". . '00'675' :; 

,; " 

or' 670 per Cent: 

Kr~a of concrete . 82' X 36' 

, Trautwine, page 1118. 

Area ofsteel'at . 675 per ~ent. . i!J. 926 s<r in. 

Try No.12 steel bars 1l' diamete,. 12. X 1 i767 ' 
, ' "':'21·204sq."iL. 

P =21'204 
= '0072 

,82x36. 
n =15 .. pn = '108, 

K \l(p n) • + 2 pn .,...- pn (Trautwine. page 1116). 

=\lP08)' + '216 '108 

='369 
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Moment of resistence of concrete-

M=bda 
e 

K 
x fc K (1~3 ) 

2 

=~6 x ~~ x 8~ x 600 x '369 (1-'123) 

=10,500 inch tons. 
which is more than the required 9,000 inch tons. 
Shear 81r6l18611-

2 

Resistence of concrete to shear at 30 lb. per sq. in. =82 x 36 x 30 lb.=39·6 tons. 

The value of shearing stress varies uniformly from 50 tons at end to zero at centre of 
39'5 ' 

beam, 80 the stress will be 39'5 tons at a distance 30 x -- ft. from centre=23 '7. 
50 

So for a distance of 23' 7' on either side of the centre the concrete can take all the 
shearing stresses: a few stirrups will however be provided to allow for shocks, etc. 

(a) The first stirrup will be at 2' from end of weight, i.e., one foot inside edge of 
support. The average shearing stress on this will be-

50+461 
481 tons. 

2 

Out of this the concrete will take 46 X 36 x 30 lb.=22 tons. 

The iron stirrups will take 481-22=261, say 27 tons. 

For this six stirrups of !' diameter roils are provided which will give for both legs 
2 X 6 x . 442 area x 12,000 lb. =28 . 5 tons. 

(b) The shearing sbress decreases as we go towards the centre. Two sets of stirrups 
of the same size as above will be put in at distances· of 2' and 4' from the 1st 
stirrup. We shall thus have provided for 7' from each end. 

(e) In the cen trBI 46 fept, a similar set of stirrups five feet a part will be provided to 
insure better transmission of strains and to allow for shocks. 



ABSTRACT. 

-
Items. Rate. Per. Amount. 

. I 

Rs. a. p. Re. a. 

Cos! 0/ Rein/Meed concrete oounterweights /M BaN"age. 
-

-
2'75 tons Steel Rods reinforoement , . · , 180 '0 0 Ton. 4911 0 

1'6 " 
End boxes for bearings · , , . 480 0 0 

" 768 8 

lrd " Bearing plates .. · . · , · . 180 0 0 
" 60 0 

1 " 
Four pulleys, each /) owts. · . · , 360 0 0 

" 360 0 

2 Nos. Shafts and collarS · . · . · . 50 0 0 Each. 100 0 

Plumer blocks 
, 

4 
" 

.. · , · . , , 100 0 0 
" 400 0 

1.464 c. ft. Cement Concrete · . · . · . 45 0 0 100 c. ft. 659 0 

Lump Forms . . .. · . · . · . . ... .. 100 0 

Rs. 
lauuching and erection in place 

75 men one day at Rs. 2 .,= 150 

Tug and launches .. .. - 50 

~ 

= 200 ... . .. 200 0 

Lump Friction rollers · . · . · . .. , . .. 100 0 

-
Cost of R. C. concrets counterweight .. . ... .. 3,242 0 

Say .. 3,250 0 -
Cost of steel counterbalance casing · . · . . . . . .. 9,250 0 

- , 

Noee.--C.o.ntlngenOlos are omitted m both QIUIM. 



MEASUREMENT. 

-Barrage Oownl.enoeight of ReinfO'TCed Ooncrete. 
-

- No. Length. Breadth. Depth. Quantity Total 
Decimal. 

. 

1. Sted radl, 11 diameter- Length. 
,. 

(a) bottom .. .. . . 6 64 384 

(b) turned up 6' 6" .. 4 68 272 
, , 

(0) ,. 13' .. 2 61 122 

R. ft. 778 at 6lbs. 4,668 
, 

Stirrups, I" diameter .. 6x6 18 648 
, . - ; 

near ends .. .. 2x6 12 144 
" 

R. ft. 792 at 1·5Ib. 1,188 
, 

5,856 Ibs. . 

= Say 2'75 tons including wire 
for binding rods. 

2. Bwa for bearitlgs-
/ 

Area. 

Steel plate ." .. .. 2 -4- 3' 24 

. - 3 3- lr 13! 

4 3- 11' 15 '. 

For roller box .. 1 3' 1'9- 5 

s. ft. 58 

at 15' 301bs. 890 Ibs. 
, 

Angles- .. 
c. ft. . 

Verticals .. .. .. 8 3 24 

Horizon ts1s .. .. 11 3 33 

For roller boxes .• .. 3 3 9 

8 15" 10 

. 
r. ft. 76 at 7'18 lb •. 550 lb •. 
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MEASUREMENT-i>OnId. 

B(Jrtage Countenoeight of Reinforced Concrete. 

-

. 

Chtinnel_ 

15"x4" .. 

Bolt8-

1" rod s for bolts 

Lewis bolts .. 
• 

. 

• 

3 • BBfJring plates,." .. 

· Pt.dley •. .. .. 4 

5-

6 

7 

8 

Shaft8 and colla" 

• Plumer blocks .. 
• Cement ooncrete OOfI'all 

. 
• Forms .. .. 

.. 

.. 

. . 

.. 

-.. 

.. 
9. Launclung (Jnd erectum .. 

10. Friction Roller, •• 

No. Length. 

I 

II 3 

2 10 

8 Ii 

r. ft. 

AIM, 

2 5 

.. .. 
.. .. 

.. .. 
6 61 

.. .. 

Breadth . Depth. 

6 r. ft. at 42 lb •. 
. 

20 

12 

32 at 2·7!bs. 

for oth erend. 

3 

-
-

-

.. 

.. 
8 

.. 

-

at 20'40 

612 Ibs. 

'27 tons 

say i 

""Y 1 

Two 

Four • 

3 

Lump . 

- ~ 1&' :.u:. 

1&·200 

I 

Quantity-. TotaL 

252 lbs. 

. 

86 lbs. 

. 1,778 lbs. 

1,778 

.-

3,556 Ilbs. 

1'59 tons =say 1'6 tons. 
I • 

I 
lbs. I 

I 
ton. 

tol!.. 

. 

1.464 c. ft. 
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Items. j 

&S. 

Total cost of Project-Direct clwge. . . 3,35,15,282 
Deduct cost of permanent work .. 1,71,96,283 
(Actual expenditure on service works, 1.63,18,999 

plant. establishment for the whole p 
ject with permanent works of value 
&S. 1,71,96,283). 

The cost of permanent works in the Road bridge is 
R... 10,28,624 and so the proportionate clwges OE 

this head for .....vice worka, plant, Il8tahlishment, elc., 
10,28,624 

will be = &s. 1,63,18,999 X -
1,71,96,283 

Total cost of Road bridge only .. .. 

ABSTRACT. 

Road BriIlge only. 

Items. 

00l! 01 one pier OM 2 hall lpall8 of ora--

6.250 o. ft. 1. Pier masonry .. .. .. 

Ii 

15 

,555 . 

,925 

.. 2. 

.. 3. 

Arch masonry with centering .. 
Spandrils .. .. .. .. 

657 .. 4. Parapete .. .. . . .. 
146 .. 5. String courses .. .. .. 
109 .. 6. Parapet capping .. . . .. 
280 .. 7. Concrete .. .. .. .. 
70 

" 
8. Kerbstcnee .. .. .. .. 

105 .. 9. Paving .. .. .. .. 
747 ... 10. Road metal .. .. .. 

1 • 120 I. ft. 11. Consolidation .. . . . . 

Total cost for one pier and 2 half spans .. 

, 

Rate. Per Amouut. 

R... 

.... 
9,07,702 

.... .. 19,36,326 

Rate. Per Amount. 

&S. a. p. &S. 
. 

40 0 0 100 c. ft. 2,500 

144 8 0 .. 8,020 

40 0 0 .. 2,370 

90 0 0 .. 591 

90 0 0 .. 131 

90 0 0 .. 98 

17 8 0 .. 49 

150 0 0 .. 105 

70 0 0 .. 73 

4 0 0 .. 30 

10 0 o 100 s. ft . 112 

Total .. 14,079 

... . .. 14,079 
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MEASUREMENT. 

Road lJriIJge tmly. 

- -
.' 

- No. Length. Breadth. Depth. Quantity. Total. 
Decim. 

- .. 

Ordinary Piet- aM 2 half 
8pans of arckes. 

1. Pier masonry-
up to 

.springing of Road bridge . .. 25 10 25 6,250 . 
. 6,250 o. ft.·' 

2. Arch masonry-
Road Area. 

bridge-details in Barrage. 1 - . 25' 3" 220 .. 5,555 
6,555 

" 

3. Spandrils .. .. 1 25 237 .. 5,925 
5,925 .. 

• 
40. ,Parapets .. .. 2- 73 1 4'5 657 

657 
" 

Area. 
5. String courses .. .. 2 

. 
73 1 .. 146 

146 
" 

6. Parapet capping 
. 

2 73 - 1-5 0'5 109 .. 
109 

" 

7. Concrete below foot-
, path .. .. .. 2 70 ,3 S" 280 

280 
" 

I , 

S. Kerbstones .. .. 2 70 6" 12" ~ro 

70 ., 
. 

105 
9: Paving .. .. 2 70 3' 3" 105 .. 

, -

747 
10. Road metal .. .. 1 70 16 S" I 

747 .. 

1 1. Consolidation . . .. I 

I 
70 16 .. ~ 1,120 s. ft . 

• 
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ABSTRACT. 

Road Brit1ge only. 

~ 

Itelllll. Rate. Per Amount. 

-

RB. a. p. BAl. , 

-
0081 0101'le qbul,ment pier aM 2 half IptJm oJ arche.t- " 

1 5.625 o. ft. 1. Pier masonry .. .. .. 40 0 0 100 o. ft. 6,250 

5.555 ,. 2. Aroh masonry including centering 1# 8- 0 .. 8,020 

1 0.900 .. 3. Spandrils .. .. .. · . 40 0 0 .. 4,360 

873 .. 4. Parapets .. .. .. · . 00 0- 0 .. 785 

194 .. 5. String cowses .. · . · . 90 0 0 .. 174 

1 45-5 .. 6. Parapet capping ~_ · . · . 90 0-0 .. 131 

340 .. 7. Concrete .. · . · . · . 17 8 0 .. 60 

85 .. 8. Kerbstones · . · . · - 160 0 0 .. 127 

128 " 9. Paving .. · . · . · . 70 0 0 .. 89 

907 ~t 
10. Road metal .. · . · . 4 0 0 .. 36 

1,360 s. ft. 11. Consolidation · . · - · . 10 0 0 1008. ft. 136 

Total. _ 20,168 

Total cost for one abutment pier and 2 haU spa ns .. Rs. 20,168 

i 
: 
! 
i 
I 
! 

, 

. 



- No. 

Otte Abutment Pier a,,~ 2 hal! 
.pam of O/T'ches-

1. Pier masonry .. .. · . 

2. Arch masonry •• · . · . 

3. Spandrils .. · . · . 

4,. Parapets .. .. 2 

5. String C01l1'888 .. .. 2 

II. Parapet capping .. 2 

7. Conorets below foot-
path .. .. .. 2 

S. Kerbetones . . · . 2 

II. Paving " .. .. .2 

10. Road metal .. .. 1 

11. Consolidation .. .. I 

I 
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MEASUREMENT . 

.Roa4 Bridge only. 

~r-. 

25 25 

Area. 
25' 3" 220 

25 436 

, 
97 1 

Area. 
97 1 

97 1'5 

, 
. 

85 3 

85 6' 

85 3 

85 16 

81S 16 

Depth. 

25 

.. 

. . 

4 .. 5 

.. 

0'5 

0'66 

12' 

3' 

S' 

, ' 

Quantity. Total. 
Decimal. 

15,625 
15,625 o. ft. 

15,5515 
5,5515 

" 

10,900 
10,900 .. 

873 
873 

" 

194 
194 .. 

145'5 
145'15 .. 

340 
340 

" 

85 
85 .. 

128 
128 

" 

907 
907 " . 

, 

1,360 
1,360 8, ft. 



Items. 
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ABSTRACT. 

Road lWidqe only. 

C06I of End Abutment and half 8pfJft-

10,391 o. ft. 1. Abutment masonry " " 

2,778 .. 2. Aroh masoDry including centering. 

6,226 3. Spsndrils 
. 

" 
.. · . " .. 
. 

374 .. 4. Parapet .. · . .. .. 

83 " 5. String DOUTSeB .. .. .. 

62 " 
6. Parapet capping .. .. .. 

160 .. 7. Concrete .. · . . . .. 

40 " 8. Kerbstones .. .. .. 
60 .. 9. Paving .. .. .. .. 

427 " 10. Road metal · . .. . 
640 s. ft. 11. Consolidation .. .. .. 

Total cost for end abutment and half spm 

. 

, 

Rate. Per Amount. 

Rs. a. p. Rs. 
( 

40 0 0 100 c. ft. 4,156 

144 8 0 .. 4,010 

40 0 0 .. 2,090 

90 0 0 .. 337 

90 0 0 .. 74 

90 0 0 " 
64 

17 8 0 
.. 

" 
28 

150 0 0 " 
60 

70 0 0 " 
42 

4 0 0 .. 17 

10 0 0 100 s. ft. 64 

Totlll . .. 10,942 

.. .. .. .. 10,942 

! 

. 



· 
. 

- NQ, 

End Abutnwnt and half 
span-

1. Abutment masoDU' .. 1 

a. Arch masonry .. · . 1 

a. Spandrils .. .. 1 

4.. Pa.rapets · . .. 2 

5. S_ring 001lrBe8 · . .. 2 

6. Parapet capping .. 2 

y. C<lncrete .. · . 2 

. 

8. Kerhetones · . .. 2 

9. Paving .. · . .. 2 

10. Road metal · . · . 1 

11. C<lnsolidation · . · . 1 

21!O 

MEASURPlIDlNT. 
If,aad Bridge QIIly. 

Length. Breadth. 

'" . 

Mean. 
~p 1~'62 

Area. 
25' ~. .110 . . 

25 209 

41'5 1 

Area. 
41'5 1 

41'5 1'5 

40 3 

40 6" 

40 '3 

40 16 

40 16 

Depth. 

~" 

. . 

. , 

4'5 

.. , 

0'5 

8" 

12" 

3" 

8" 

.. 

Quantity. Total. 
Decimal. 

10,;191 
10,39] c. ft. 

2,778 
2,778 

" 

1i,225 
5,225 .. 

374 
374 .. 

133 
. 

83 .. 

62 
62 .. 

160 
160 .. 

40 
40 .. 

60 
60 .. 

430 
430 .. 

. 
640 

640 8. it. 


