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REPORT on the Oange~ Canal, Zy CAPTAIN J .  CROFTON, R. P, rm 
8pecial Duty, Ganges Canal,--dated 2 3 ~ d  iVovember 1864. 

&tract f b n  the Proceeding8 of the Hon'ble t b  Lieuterurnt Governor, North- W'km 
Proaincee, in the Public Work8 Department, under data the 10th of Deeembtr 1864. 

COPY of a letter No. 4293, dated Roorkee, the 23rd ~ ivember  1864, from the Ohisf Enginsor 
of Irrigation Worh, Nol-th-Western Provinces, to the Secretary to the Government of 
the North-Western Provinces, in the Public Worke Department. 

I HAVE the honor to forward herewith in original Captain Crofton's letter 
No. 44 of this date, with hia Report on the Ganges Canal works and collateral aubjecte, and 
the eatimatea and  laps called for in letter No. 496, dated 1st February 1864, from the 
kretary to Government of India, Public Worke Department, to the Seoratary to Qovern- 
ment, North-Western Provincee, Publio Works Department, copy of which wee forwarded to 
thb O5ce with your letter No. 7818, dated let March 1864. 

2&.-h i t  is of importance that not a day should be l08t in odtaining the orders of 
Government on Captain Crofton's project now mbmitted, I have judged i t  beat to send 
it in at once without waiting to study i t  in every detail. 1 have therefore merely read i t  
carefully through, but I think I may say that I entirely agree with Captain Crofton 
in his view of the present state of the flanges Canal, and of the k t  mode of putting it into 
good working order, for navigation as well as for irrigation. Differencee may, and 
no doubt will, occur in actually carrying out the propoeed works, but I believe the total 
mount of his eetimate will not be exceeded. Knowing this, Government will probably have 
no difficulty in giving the neceesary sanction for the preparation of working drawings, 
and for the collection of materiala at eitea of works p r o p 0 4  to be built or altered. 

3rd.-Plan drawing and collection of materiala would thus p m p e ~  eimul taneo~l~,  and 
on their completion we might have a working "bee," (ee it is called in America), and m m -  

' 

ble every available Engineer from the North-Weatem Provinoea and from the Punjab. 
They ehould bring with them workmen and tools. To each Engineer, on arrival, would be 
allotted 1, 2, 3 or more worka, according to their nature. The Engineer would study the 
working drawings and the work itself on the ground, and examine and oheck hie material. 
Be soon as this had been done, and everything reportad clear, the Canal would be laid dry, 
and every man would go in at it. Thus emulation would give a epar to the work, afid i t  
would in all probability be got through in a minimum space of time. ThL arrangement is 
propoeed merely for work below the water line, ali work above the water line, or that can be 
executed without cloeing the Canal, being supposed to be done beforehand. 

4th.-Captain Crofton has, in accordance with instmotions aonveyed in para. 2 of 
Qovernment letter No. 496, prepared two alternative projecta :- 

I. For remodelling the present Canal at an eetimated mt of Rupeea 62,68,063. 
And, 11. For the construction of a eapplementary Canal, at an estimated coat of 

Rupeea 81,43,858. 
5th.-In the cost of Project I. ie included the Bum of Rupeea 13,48,213, the e e w  

loes to Government in Canttl Revenue, in enhanced land Revenue, ,and in compensation to 
Zemindan, (to enable them to dig web) eupposing the Canal to be closed for a year 
during the progrese of the work. No allowance of thb nature haa been made in the 
case of Project 11. But as that project necessarily includee the remodelling 
of the present Canal between Eurdwar and Roorkee, it may, I think, be donbw 



whether, in a comparieon of the cost of the alternative projech, we can d e l y  calculab on 
being able to carry out Project 11. without closing the Canal, or, in other words, whether we 

fairly exclude the consideration of possible loes during the execution of that project. 
6th. -However, even if we do exclude this consideration, the difference of cost of the two 

projects b still Rupees 25,75,795 in favor of Project I. This difference, in addition to the 
reasons adduced by Captain Crofton for preferring Project I., is, I think, decisive in its favor. 

7th.-With referenm to Navigation (see p m .  4 of Government letter No. 496, under 
reply), Captain Crofton has provided for navigation in the remodelled Channels, no separate 
channels of any length being found necessary. He has also worked out the cost of a separate 
Navigation Channel from Roorkee to Cawnpore, from which the following comparison b 
obtained :- 

A. Proportion of cost of Navigation arrangements on present 
Channel remodelled, Roorkee to Campore ... ... } Rs. 15,71,531 

B. Cost of separate Navigation Channel ... ... ... . ,, 44,91,916 
C. Proportion of c a t  of Navigation arrangements on alternative 

line ... .. . . . . ... . . . ... ... ... , 10,32,912 

The above sums (A and C), representing proportion of cost of Navigation arrangeme& 
on present channel remodelled and on alternative line mpectively, are included in the 
total estimated cost of Projects I. and 11. as given in para. 3 of thie letter. 

8th.-Regarding the possibility of reinforcing the Gangea Canal in the rainy mason with 
the watere of the Jumna river (see latter part of para. 4 of Government letter No. 49G), 
Captain Crofton's observations show that i t  would not pay to take out at any place higher 
up the Jumna than the p i n t  where i t  receives the waters of the Hindun Nuddee, some 16  milee 
below Delhie; and he ie of opinion that, if taken out there, or at any lower point, it would 
probably be better to keep the Canal thence derived entirely separate from the Ganges 
Canal, as far aa irrigation is concerned. A Canal thence derived might irtig8te during the 
rains the country between the East Kalee and the Emun Nuddw,  and it would sfford 8 

supply of water for continuing the navigation to Allahabad throughout the year. 
9th.-Further remark on the project now submitted, beyond the points touched on in the 

Qovernment letter under reply, appears to be unnecessary at  present. 
10th.-You are aware that Captaincrofton, though nominally reporting to this Oflice, has 

really had the undivided and independent charge and responsibility of the preparation 
of theae projecta I may, however, e x p m  my sincere admiration of the energetic and able 
manner in which he haa in so short a time accomplished a most arduous task. He has had 
to design not only an entirely new line of Canal, but also the works and the oomplicated 
managements required for remodelling an old one. The first-mentioned portion of his task 
is mere child's-play compared with the laat. I n  work of t h b  nature one moves aa it 
were in fetters. An intimate knowledge of existing arrangements has first to be acquired 
down to the very smallest details, and the requisite additions and alterations have to be dove- 
tailed in with them in such a manner that the projected work shall be capable of being 
carried out at  the smalleat possible coat to Qovernment, and without disturbing existing 
irrigation. I beliove no one who hae not attempted work of this nature can form ang idea 
of the amount of thought, anxiety, and real toil it involves. 

11th.-Captain Crofton has recorded hie cordial appreciation of the assistance afforded 
him by Messrs. J. Hnir and G. W. Moesop, and by Lieutenant W. Shepherd, R. E., and he 
hag detailed the work done by each. I beg to reaornmend them to the favorable notice 
of Government. 

12th. -The mode in which the services of them Officare (not set free for other work) 
have been disposed of will be reported separably. 

13th.-Mr. Kelly continues to quarry stone in the neighbourhood of Hurdwar. The 
quantity of serviceable stone to be had at any one place is very small, and there are not 



very many places within easy reach of the works or of water carriage where it can be had. 
About ten thousand (10,000) cubic feet of roughly squared serviceable stone have already 
been landed at sitee of works, and Mr. Kelly hopea to land thirty thousand (30,000) more 
before the 1st of May next, at from 12 annas to 1 Rupee a oubic foot. Mr. Kelly also has 
done good work. 

I have the honor t6 be, kc., 

(Signed) J. H. DYAS, CAPTAIN, R. E., 
Chief Engr., I i a t h  Wwka, N. W. P. 

KO. 55098 of 1864. 

O ~ ~ ~ ~ . - - O r d e r e d  that a copy of the foregoing, with the Report in origin4 be for- 
warded to the Secretary to the Government of India in the Publio Works Department, 
with the intimation that Captain Crofton haa been permitted to take the plans himsell to 
the Searetary, without any preliminary examination of them in this Oflice. 

C. J. HODGSON, LIEUT.-COL., R. E., 
Ofg. key. to the Gout. of the N. W. P., in the P. W. D. 

P. W. DEPT., N. W. P., 
CAMP Koomtga : 

The 10th of December, 1864. 1 
%om-CAPTAIN J. CROFTON, B. E., OA 8pecial Duty, Ganges Canal, to CAPTAIN 

J. H. DYAS, R., E., Chief Engineer of Imgation, N. W. Z+ovinces,-(No. 44 
1864-65.) 

Dahd RoorRee, 23rd Nmember 1864. 
SIR, 

I HAVX the honor to forward the Report on the Gangea Canal Works and c o b W  
snbjecta, with the estimates called for in letter No. 496, dated 1st February 1884, from the 
Secretary to the Government of India, to the Secretary to the Clovernment, N. W. P., Public 
Works Department, forwarded with your predecessor's Docket No. 4472, dated 3rd March last. 

2. On the 15th February last I was relieved by Lieutenant Moncrieff, R. E., of the 
charge of the Eastern Jumna Canal, having proceeded to Roorkee on the 13th, where two 
of the Officers, whoae eervicea had been previously placed at my dlposal, Mr. J. Hair, Execu- 
tive Engineer of the Bolundshuhur Division, Ganges Canal, and Lieutenant Shepherd, R. E., 

joined me. 
As it was desirable to complete the field work before the regular setting in of the hot 

winds, when the accuracy of levelling operations becomes questionable, the eetablishments 
, of the Ganges Canal, both European and Native, were subsequently indented on for a further 

supply of levellers. 
3. To Mr. Hair was assigned the levelling for t h s  alternative line from Roorkee to the 

Bolundehuhur Branch head, while Lieutenant Shepherd took the cross-sectioning in the Doab 
between the &dun and Weat Ealee Nuddee. Mr. Hunt, assistant to Mr. W. Dodsworth, 
Supervisor of land measurements, Ganges Canal, carried on the alternative line lev& f&m 
the Bolundehuhur Branch head to near Khoorja ; also the trial level frbm opposite Mozuffer- 
nuggur wi8 Khutowlee to the Futtehgurh Branch, ae well as the line for the proposed navigation 
channel from above Deobund to Meerut ; the remainder of both lines down to the Nanoon Re- 
gulating Bridge and that from the Futtehgurh Branch oppositehoopshuhur were completed by 
Native Surveyore attached to Nr. Dodsworth's eetablishment. The levels from the Jumna at 
he head of the Eastern Jumna Canal and the Railway crossing opposite Saharunpoor, joining 



on to Mr. Hair's line near D e o b d ,  were taken by Mr. T. Jones, Aseietant Engineer, Northern 
Divieion, Qangea Canal. 

All this field work waa completed by the latter end of April. In the mean time I had 
marched over the courae of the proposed alternative line fmmRoorkee tosirdhanna, and examin- 
ed oarefully the channel and works on the main line of the canal from the heads to below 
AUyghur, as well as the Cawnpore terminal worka. The time at my dispoaal would not 
admit of a more extended inspection of the branch canals, as I waa obliged to be back at Roorkee 
on the 4th April, for a committee on canal revenue matters previously ordered by Government. 

4. In the beginning of May, we, (i. a, Mr. Hair, Lieutenant Shepherd and I )  reached 
Muemoriel our head quarters for the hot mason; Mr. Naeeop joined us on the 20th June from 
the Punjaub. 

The Clangee Canal was cloeed for repairs at the latter end of July, when I accompanied the 
late Superintendent General Colonel Turnbull, in his inspection of the work8 from Roorkee 
to Sirdhanna, and the laet seven miles of the Cawnpore Branch, and subsequently examined the 
line between Myapoor and Roorkee. The submimion of these projecte has been somewhat 
delayed by the late cloeure of the anal ,  aa i t  was impoaeible to aettle the detail of alterations 
required for remodelling without knowing the actual condition of the works below the water 
line. Some of the d e u  of information gathered by the Executive O5cers, during the oloeure, 
have only come to hand within the last fortnight.' 

5. The levele taken specially for the projecta now submitted have all been plotted on a 
scale of 1 mile to the inch, and put together on sheeta of double elephant paper. They are 
shewn on a reduced ecale in Plan No. II., which hae been compiled chiefly from the " A t h  
Sheeta" of India and the Revenue Survey diritrict mapa The other m a p  are compiled from 
this or existing record0 in the Canal Office at Rwrkee. 

6. The sectione of the Ganges shown in Plan VIII. at Bookertal and Byeoomah, were 
taken, the former by Mr. Hair, the latter by Mr. Hunt; thoee at Glur&okteeur and h o o p  
shuhur, as well as all on the Jumna, were obtained from the Railway Department. 

7. I t  only remains for me to state briefly the part taken by each in the preparation of 
the project& Each surveyor or leveller plotted hie own work. To Mr. Maeeop is due the 
drawing up of the sections and compilation of moat of them, aa well aa the three M a p  which 
head the list. \ 

The whole of the estimating waa done by Mr. Hair and Lieutenant Shepherd, to whom the 
plans, and eeveral of the designs of the Masonry worka, are ale0 due. To all three gentle- 
men every credit is to be given, for the very efficient manner in which they have performed 
their share of the work ; Mr. Hair'e engineering experience, gained both in India and England, 
has been especially valuable in working out the detail of the projected works and alterations. 
Without the inceesant labour and attention they have given to it, the work, I have no hesita- 
tion in saying, could not have been ibmpleted for months to come. 

The Officers of the Ganges Canal have contributed their quota of aid throughout the 
inveetigation. To them, and to our late ever-to-be-lamented Chief, Colonel A. D. Turnbull, 
muoh of the information, and several aeeful mgge~tione contained in the following Beport, 
are due. 

I have the honor to be, 

Your mod obedient Servant, 

J. CROFTON, Captain, B. B., 

On Special Duty, Ganges Canal. 
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R E P O R T .  

1. THE subjects to be taken up in this P a p q  mill be found Subjec" of the Report. 

briefly described in the accompanying Memorandum (Appen- 
dix A), forwarded for guidance by the Government of India. 
They may be classed generally under four heads. 

1st. The po~sibility of rectifying existing evils on the 
~ a n ' g e s  Canal by alterations and additions to the present chan- 
nels and masonry works. 

2nd. The comparative advantages and disadvantages 
of effecting this by remodelling the present line in the Ganges 
Khadir, as far as Roorkee, where the Canal enters the ban- 
gur or high land of the Doab, thence dividing the supply as 
suggested by Sir Proby Cautley, and carrying a certain pro- 
portion of i t  in a new channel to run to the westward 
between the Hindun and West Kalee Nuddee, which should 
reunite with the original line a t  some point lower down its 
course, beyond which any alterations to existing works could 
be effected without much difficulty. 

3rd. Whether a separate Canal for navigation only 
would be preferable to adapting the works of irrigating chan- 
nels to that purpose ; and- 

4th. The feasibility of drawing an extra supply of 
water from the Jumna for an autumn crop, during the 
months when its volume is in excess of the requirements of 
the Eastern and Western Jumna Canals. 

2. Before entering into the details of any of these PreaentconditionoiCanal 
questions, it will be advisable to describe briefly the condition be fi"t described- 

of the Canal as it is. 
The Tabular Statement (Appendix B) and the longitu- 

dinal sections (Sheets 1 to 20 Plan IT), together with the 
general plans of the course of the Canal, will, i t  is believed, 
supply all further minutiae necessary to a clear understanding 
of the state of the works. I n  the longitudinal sections, the 
ground line shewn is that of the natural surface at  the time 
of excavation of the channel ; the straight black lines below, 
connecting the floorings of the bridges, show the level of the 
bed as originally excavated, the present level of the lowest 
line of channel opposite milestones and at bridges and falls 
bein5 marked by an uneven black line either above or be- 
low this, as silting or erosion has taken place. Sir Proby 
Cautley's Report of 1860 (hereafter referred to as the " Qan- 
ges Canal Report") gives such ample detail of the existing 
masonry works that plans of any of them to accompany 
this Paper have been considered unnecessary, except for the 
purpose of elucidating extensive proposed alterations. All 
levels are reduced from a datum 200 feet above the flooring 
of the Myapoor Regulating Bridge, the original zero from 
which the levels in the Ganges Canal Report were calculated ; 
the reason of this alteration being to admit of the levels of 
any part of tbe Uoab up to the base of the hills being re- 
duced to  a common datum l i ~ e  without the introduction of 



plus or minus signs, which might possibly lead to errors 
hereafter. This datum, by connections made here and there 
with permanent benchmarks, is 1121.37 feet above that of the 
series of levels brought up from the mearl sea level at  
Kurrachee by the o5cers of the Great Trigonometrical Sur- 
vey. 

Work8 On 3. The ~ l i h ~ e  at Myapoor be:oa Hurdwar being the 
Gmgee not included. 

present regulator for admission of the supply of water, 
and the temporary arrangement for drawing i t  from the 
Ganges being sufficient for existing requirements, no remarks 
will be offered here on the channels above tbat point. Alter- 
ations to them or the Escape Dam attached to the Bridge 
will be more appropriately co~lsidered in conjunction with 
the question of a permanent Dam across the river, for which 
we have not su5cient data at  present. 

STATE O F  WORKS FROM HEAD TO ROORKEE. 
Channel h m  Myapoor 4. From Myapoor to Kunkhul Bridge there has been 

to Rwrkee. little erosion on either bed or sides, the soil being chiefly 
shingle and earth. From this point to the Rutmoo torrent a t  
the 13th mile, the soil is more or less mixed with sand, and 
deepening and widening has taken place extensively in parts, 
such as between Jowalapoor Bridge and the Upper Bahadoor- 
abad Fall, and between the Puttree and Rutmoo Torrents ; 
the channelling out here varies from 3 to 5 feet in depth, and 
in places the berm on both sides has been entirely cut away. 
From the Rutmoo to Muhewur Bridge,-the commencement 
of the Solanee Valley Aqueduct-the channelling and side 
cutting has been very trifling, the soil of the ridge through 
which the line passes being generally of a stiff tenacious 
clay. The bed of the Solanee Aqueduct, between the ma- 
sonry revetments from Muhewur to the Roorkee Bridge, has 
been deepened on an average 3+ feet (vide annexed sketches.) 
The erosion on this portion of the line was at  one time much 
more serious when the supply of water passing down was 
considerably larger than during the last two years ; the 
deepest holes appear to have been gradually silted up since 
then. 

The berms or towpaths between the head at  Myapoor 
and the Rutmoo Torrent do not appear to have been origi- 
nally excavated to a uniform height above the bed ; where 
the depth of excavation was more tban la  feet,-the mini- 
mum height of the towpath above the bed as originally de- 
termined,- they were formed on the level of the natural sur- 
face. Between the Jowalapoor Bridge and the Puttree Works 
this was of no consequence, navigation being provided for 
here in a separate channel ; but the irregularity of height of 
towing track above the surface of water cannot fail to be, and 
is, a hindrance to the traffic. I t  was done solely from econo- 
mical motives, as Sir P. T. Cautley has explained with refer- 
ence to this and other portions of the Canal in his &port. 
From the Rutmoo to the Solauee Valley Aqueduct revetments, 
the berms are maintained at  a uniform level of 12 feet above 
the bed.Holes have been eroded in the bed below the Jowala- 
poor Bridge and all the falls to the depthsshewn in the section. 







In one instance, a t  the Upper Bahadoorabad Fall, the erosion 
extends considerably below the bottom level of the founda- 
tions ; no injury, however, has resulted from this to any of . the masonry works, the talus of boulders and crib work ori- 
ginally attached to each on the down stream side having 
transferred the excessive action of the current to a sufficient 
distance from the works themselves. 

5. The four overfalls on t l~ i s  section have suffered little OvertPlls a b  o r e  t he 
injury, except in the brick on edge coverings on and a t  the "~JII". 
foot of the ogees, where the action of the stream is m o ~ t  
violent. This, in the falls at the Banipoor and Puttree Works, 
has been stripped off to a considerable extent ; the soundness 
of the brickwork (first-rate along this part of the Canal) has, 
however, prevented any dangerous results hitherto ; the re- 
mainder of these massive works are in capital order, and 
their action in passing off the floods of the torrents has, up 
to the present time, been most satisfactory. Silt has been 
deposited to  some extent on the upper channel of both (most 
on the Ranipoor super-paasage). No retrogression of level 
whatever has taken place in the beds of the torrents below. 

6. At the Rutmoo, the Escape Dam is in fair working RU~JIIOO work#. 
order ; below it, however, most serious retrogression of the 
levels of the torrent bed has been from the first taking 
place, and the Canal Works have only been preserved hitherto 
by temporary overfalls of piles and boulder work constructed, 
from time to time across the bed below, as shewn in the 
annexed sketch. In lieu of these a design for a permanent 
masonry overfall was, some months ago, submitted for the 
sanction of Government ; its construction . would probably 
secure the works from all future risk, and save any further 
outlay on this, the most troublesome and dangerous, portion 
of the Ganges Valley Works. 

The Inlet Dam has been out of use for some time past, 
the water of the Canul being permitted to extend up the bed 
of the torrent : no inundation of the low 1 ing adjacent 
lands has hitherto resulted from this, and it is c f ear from the 
longitudinal section along the banks that the surface level of 
the water at the Inlet Dam might be raised to 10 feet, the. 
original full supply mark, without any risk of flooding the 
valley, which is similar in configuration to those of most silt- 
bearing streams, where tbe level of the banks on either side 
falls away from the channel. The inundation, which usually 
covers a large portion of the low lands in the valley in the 
rainy season, is caused by the floods of the torrent overflowing 
the banks at  points con~iderably above the highest limit to 
which the Canal water a t  full supply would extend. The 
masonry passage for carrying drainage from the bed of the 
torrent above the Inlet Dam under the Regulating Bridge 
has, consequently, been closed for some time past. Much silt 
is constantly deposited in the bed of the torrent above the 
Inlet Dam owing to the diminution of waterway there, the 
effect of which is, and has been, very injurious, by contracting 
the channel of approach, and thus heading back the flood8 
which have, on more occasions khan one, cut into the banks of 
the torrents to a dangerous extent, and inundated a large area 
of the valley on the right bank of the Canal. It has also 



tended to concentrate the action on the tail flooring of the 
Escape Dam, by increasing the height of fall there in the snr- 
face of the flood waters. The highest flood yet observed has 
not risen above the level of the top of the Dam piers (or 10 . 
feet above the Canal bed) except on occasions when the Canal 
also is running full ; the water has then been known to r b e  
4 feet over the Inlet piers. 

The Sluice apparatus, on the Regulating Bridge below the 
Dam, seems to require some modification ; experience has 
shown that the width of the gates and length of the sleepers 
(20 feet in the clear) is too great for econorr~ical working with 
reference to the depth of water t o  be controlled. The wooden 
gates in use are necessarily very heavy, the lifting gear must 
be correspondingly massive, and the number of men to  work 
i t  large. If let fall when the supply of water is low, the 
vibration shakes the masonry, and, with a full supply, there 
is often considerable difficulty in closing the last two or 
three bays. 

M y s p r  Regulator. 7. A t  the Myapoor Regulating Bridge the inconvenience 
of the widesluice gates has been still more felt, from the greater 
depth of flood water to  be dealt with, and the more frequent 
necessity of closing ; the vibration from the fall of the gate8 
here loosened the stone linings of the gate grooves so much 
that iron had some time since to be substituted, which seems 
to  have stood fairly ; the other evils, however, still remain, and 
unless the width be reduced, more powerful lifting machinery 
and stronger gates, must be substituted for those a t  present 
in use. 

&lanee Aqneduct. 8. The Aqueduct over the Solanee torrent has stood well ; 
the state of the bed of the torrent above and below shows 
that the waterway under the Aqueduct is just sufficient, and 
no more ; there is no hole or retrogression 6f levels down 
stream, and little or no silt has been deposited except under the 
side arches, where a certain quantity would naturally be left 
on the subsidence of floods. The flooring of the Canal 
channel above requires some waterproof covering ; dripping 
still-continues through the arches, though less than a t  first, 
the effect of which has been to loosen a considerable surface 
of the outside plaster, and here and there bricks of an  inferior 
description (of which it is next to impossible to prevent a 
few finding their way into so great a mass of brickwork) may 
be seen slowly decomposing from the same cause. It was at 
one time supposed that the pores of the brickwork would 
gradually fill up and so stop the percolation, but the fact is, 
that even the very best of brickwork is of too absorbent a 
nature to be proof by itself against the constant pressure of a 
head of water even much less than that passing over this 
Aqueduct ; the bricks too vary in quality according to the mode 
of burning ; in some experiments made a few years ago on 
the Canal works in the Pnnjab, first class bricks burnt i n  the 
Native kiln were found to absorb one-thirteenth of their 
weight of water, while bricks of similar appearance burnt in  
" flame'' kilns, in which the fuel was wood, took up  as much 
as one-aevmth of their weight. Sir  P. T. Cautley anticipated 
the evil, and suggested the measures to  be adopted as time 
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and opportur~ity might offer (vide Ganges Canal Report, Vol. 
II., pages 518 and 521). The masonry revetments or ghats, 
which form the sides ot the channel alonz the raised earthen 
embdnkment across the valley, do not call for much remark ; 
a breach occurred some years since dong  a short portion of 
the right bank gl~at ,  from the heeling over inwards (towards 
the channel) of the wall A (vide annexed sketch) from a 
paint some four or fire feet below the level of the bed ; 
the channel here had been considers1)ly deepened, and the 
accident occurred just after the Canal had been laid dry ; the 
outer wall B was very little, if a t  all, affected. From the 
investigation made immediately after its occurrence, it appeam 
to have been caused by the pressure of tho earth filling 
between the walls which had become saturated by the 
percolation through the brickn ork ; when the counteracting 
pressure of the water in the Canal was removed, the thin wall 
gave way, there being no weep holes through i t  \)y which the 
drainage from the backing could find an exit. The bed all 
along between these revetments was to have been protected by a 
leyer of boulders (vide Ganges Canal Report, Vol. ]I., page 
453) : this, however, has been deferred from economical nlotives 
the actual protecting work being confined to a slovinz . C talus of 
boulders and brick kiln rubbish, thrown down from time to 
time along the foot of the ghats. 

9. The Bridges from the head to Roorkee are all in good B,i&-nbooe R O O ~ ~ C C .  

order. The  towing track is carried under the left side arch of 
each, where the navigation is carried on in the main channels, 
either by arched masonry passages, or, as  a t  the Peeran Kuliar 
Bridge, by temporary wooden scaffolding. - 

10. The navigable channel from the Jowalapoor Bridge to  Bahdoorabad LO c k 

the Puttree does not work satisfactorily, from the quantlty of Chmnel- 
silt constantly being deposited in it, especially on the Keach 
between the lower Bahadoorabad and Puttree Locks ; the velo- 
city of current is necessarily less tharl that in the main channel 
causing t h e  deposition of the silt which more or less enters 
with the supply a t  Jowalapoor Bridge ; the berm, originally 
excavated to a suitable level, is in places entirely cut away ; i n  
others, the encroachments of weeds have narrowed the channel, 
so that a single boat has hargly room to pass. 

11. The headway for the passage of boats along this por- Available Headway. 
tion of the Canal was limited to 5 feet by the height under the 
arches of the Kutmoo Regulating Bridge, supposing the depth 
of water at  full supply to be 10 feet a s  originally calculated ; 
elsewhere the headway varies from 5.31 under the Puttree 
super-passage to 12 feet under the Bridges generally ; the 
Bridge a t  Peeran Kuliar is, from the accident of its position, ex- 
ceptionally high. The available headway a t  each work is 
obtainable from the tabular Statement (Appendix B) by sub- 
tracting the full supply depth in Canal from the total height 
of soffit of arches above the floorings. 

12. The embankment works and cuts for controlling the H ~ U  torrent embank- 
vagaries of tbe hill torrents have worked, on the whole, most men". 

satisfactorily ; breaches and consequent inundation of the ad- 
jaoent lowlands Ilave, it is  true, occurred more than once in the 
Rutmoo and Solanee Valleys, but theae have been due to want 
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of timely repairs or trifling additions, which subsequent experi- 
ence shewed to be necessary, to the original b u n d ~  and spurs. 
Careful watching can never be dispensed with over works of 
this nature, and a comparatively trifling expe~~diture on timely 
repairs and small additions, as may appear necessary from time 
to time, will prove to be the best economy in the long run. 

CONDITION O F  WORKS FRO31 ROORKEE TO 
CrlWNPORE AND, ETAU'AH BRANCH HEADS. 

Channel from Roorkee 13. These 162 miles comprise the remaining portion of 
to Nanoon Hegulator. the main line proper, and i t  is here that the works have suf- 

fered most. The nature of the country traversed by the Canal has 
been so minutely described in the Ganges Canal Keport (Vol. 1, 
page I 9 1 and passim) that a very few remarks on i t  will suffice 
here. From Roorkee to the neigkbourhood of Sirdhanna the 
soil is more or less sandy ; ridges of light sand cross the line 
near Guneshpoor, Toghulpoor a l ~ d  Bailra Bridges, and again a 
little below the Futtelrgurh Branch Head, aud near the 
Khlltowlee and Aternah Bridges ; for some distance above and 
below the Chitowra and Sulawur Falls there is a large admix- 
ture of clay. About the Nanoon Bridge kunkur appears with 
the clay and sand, and from this to  the Branch head below 
Allyghur the soil is fair, with occasional short intervals of 
light sand as a t  the Boolundslruhur Branch head, the Wnlli- 
poor and Urowlee Bridges, and again for some distance above 
the Cawnpore Branch head. " Oosur" makes its appearance 
about the Simra Falls, but to no great extent. The longitudi- 
nal section shows that erosion has taken place in the bed, more 
or less, all along the line ; between Hatiznuggur and Nirgajnee 
the depth of channelling is greatest, in some parts a s  much as 
4 or 5 feet below the original bed, and this extends. with little 
dinlinution, as far as Chitowrah. Again, for some distatlce 
below the Sulawur  fall^, the depth has be3n increased by 3 feet 
and upwarda. I n  the more saudy tracts, i t  will be observed 
tha t  the declivity of the new bed is tolerably uniform, but the 
fall is less than that of the original channel. The width has 
altered little except throu5h the sand hills ; the .edge of the 
towpath generally remains intact, the slopes abraded t.o a new- 
ly perpendicular section. The arrnexed diagrarrrs show the 
actual sections of channel a t  various points compared with thost: 
originally excavated. Other sectiotrs have been taken a t  each 
milestone for a considerdble distance fi-om the heads, to furnish 
data for estimating, but 1 have considered it needless to encum- 
ber this Report with them. Wherever any corlsidera ble wrden- 
ing of the channels ha8 taken place the bed is higher than 
either above ~r below ; the rlrost renlarkable iuvtances of 
this occur a t  the sand hills above the Toghulpoor Bridge 
and a mile below the Fut tehgu~h Branch Head, sketches 
of which tare annexed. T l ~ i s  natural formation gives, I 
think, a useful hint in projecting ar~ificid channels, which 
will be again referred to in considering the measures to be 
adopted for remodelling. 

Below every fall the channel is widened for a considerable dis- 
tance; insome cases, not only has the berm entirely disappeared, 
but a large width of the spoil banks has also been carried away. 
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Below the Simra Falla, and especially on the last few miles above 
t h e  Cawnpore Branch Head, the berm is extensively cut into, 
i n  some places swept away quite up to the edge of the road 
ban k. 

The  excavation on the portion from Roorkee to Sirdhanna 
as described in Ganges Carla1 B e p ~ x t  (Vol. I, pages 19 1 and 
pasaim) trenches un~formly on the substratum of light sand ; 
below this loug intervals of firm clay are met with, as shewn in  
the sections at  Newaree and Dumkoura Biidges, and here and 
there beds of kunkur. The velocity of current has been too 
grent to admit of any silt deposits in the channel from the 
heads to the Cawnpore and Etawah Branch Regulator a t  the 
181st mile. 

Very deep holes have been formed, a s  tho longitudinal 
section will show, below all the masonry works in  the sandy 
tracts ; in some instances, as at the Hafiznuggur Falls and the 
Bailra B~idge, extending several feet lower than the bottom of 
the foundahons, but, a s  was observed before with regard to the 
line on the Ganges Khadir, in no case has this afl'ected the 
stability of the masonry works ; the talus of boulders or kun- 
kur has eve1 ywhere proved its efficiency as  a mearis of pro- 
tection. 

The berms or towpaths from Roorkee to the Boolundshuhur 
Branch Head at the 110th mile were not originally 
formed a t  a uniform height above the calculated full supply 
level of the Canal (Ganges Canal Report, Vol. I, page 240). 
In some places, as near K h u t o ~ l e e ,  the height is much too 
great for towing, This, and the general condition of disrepair 
into which they have been suffered to fall from economical 
ulotives, makes tracking difficult with hurnun labour, and quite 
impossible with cattle. Below the Boolundshuhur Eranch Head 
the towpaths are a t  a uniform height above the bed, but there 
a e  the same obstructions as  above from the cutting away and 
=vines in the sides all the way down= 

14. The lock channels r o l ~ l ~ d  the fulls have nowhere rack Channel. 
worked satisfactorily from the coxlstant tendency to  silt up; 
this in the reaches above the locks might be obviated by keep 
i n g  the lock gates or sluices, when not In use, constantly open 
(or partially so) so as to cause a scour along the channel ; but 
t h i ~  would affect the working of the mills attached to the locks 
by lowering the hwd of water ; below the lucks silt is  deposit- 
ed with s full supply in the Canal by the action of the back- 
water ; with a low supply the velocity is excessive, causing 

erosion lroln both bed and banks ; the deepening 
of the bed of the maill Canal has led to another evil with a 
low supply, by diminishing the depth of water a t  the extremi- 
ties of the lock chiinnrls ; boat.  are cor~stantly obstructed in  
the upward passage by g rou~~d ing  a t  these points. 

15. The three escapcs on the upper portion of the line Emcape He*. 

at Khutowlee, Aboo Nulla and Jannee Khoord have, for some 
time past, been practically useless from the accumulations of 
silt a t  their heads ; those at  Moonda Khera and Kasimpoor 
work very fairly. 

16. The Bridges nre throughout in good order ; where Hridgw. 
erosion seemed to be taking place on the down stream side to 



a dangerous extent the boulder or kunkur 1)rotective talus 
has been supplernentt d by piling and cribwork across the 
bed ; no signs of settlement have appeared, nor have the 
floorings been injured in any way hitherto. The annexed 
sketches of one or two bridges will sufficiently illustrate the . 
state of matters in these cases. 

~ r u r c h  H&. 17. At the Regulating Bridges a t  the bifurcations of the 
branchee, the same difficulties have been experienced i n  working 
the sluice machinery as in the case of the Rutmoo Bridge des- 
cribed above ; the width of the gates is inconveniently great 
for the depth of water to be dammed up; where sleepers are em- 
ployed a section of eight incl~es square of salwood is not 
found sufficier~t to stand the pressure without bending. 

18. The locks are generally in fair working order ; the 
gate and sluice work here and there seems to require some 
modifications to ensure perfect efficiency : the wooden sluices 
or stop-cocks for filling and emptying the chambers, the idea 
of which \\as taken from the Ttztlian works (Ganges Canal R e  
port, Vol 11, page 303) do not answer well with water so loaded 
with silt, as is always the case more or less in these Canals ; 
they are constantly getting jammed up, and the silt is with 
difficulty removed unless the water in the chamber falls below 
the lower outlet. 

The masonry passages a t  the heads of the lock channels 
have been found to be great obstructions to boil ts  entering from 
the Canal ; their width is the same as that of the lock chambere 
t o  which the lotiding of the boats is consequently very closely 
adapted ; where the velocity of the boat is very small, as in 
passing through locks, this is of no consequence, but it is obvi- 
ous that a much larger margin is necessary where that velocity 
is considerable, and the direction of the current, as at the en- 
trances of these lock chanaels, is not ill the central line of t h e  
stream. In one case, where the left revetment of the passage has 
been removed, the increased ftdcility of entrance is evident. 
Boat Bridges across the main channel immediately below these 
entrances were projected by Sir P. T. Cautley (vide Ganges 
Canal Report, Vol 11, page 297) to prevent any risk of boats or 
rafts being carried down to the falls. Since the headirjg up of 
the water there however, by which the acceleration ofvelocity 
in the channels above the falls has been neutralised, a t  least 
so far u p  as the entrances to the lock channels, the necessity 
was considered to have passed away, and their construction has 
hitherto been held in abeyance. A boat is said once to have 
been allowed to go over one of the falls, but whether this 
occurred before or subsequent to the raising of the crests of 
the falls I know not. That boats can, with perfect safety, be 
brought down close to the present falls is shewn by the fact of 
a portion of the material for the repairs of a fall some months 
ago being tlius carried to within 150 or 200 feet of the 
crest. 

Available Headway. 19. The  headway at full supply on this portion of the  
line varied from 12 feet in some of the bridges above Sirdhanna 
to 5'0 feet under the lock bridge opposite the Pulra falls. Towing 
paths have been constructed under the left arches of all the 
bridges from Koorkee to Sirdhanna, the 75th mile (inclusive) ; 
below this the lowuess of the crowns and form of the arches . 











would not adnrit of it, and the communication along the tow- 
inq path is kept up as described in the Ganges Canal Report 
(Vol 11, page 319 and pmsim) by flank arches under the road- 
way be11111d t,he abutment.   his, if the navigation is to be 
carried on by tracking, involves the necessitv of;nhooking the 
rope from the towing cattle a t  each Bridge, or a t  intervals of 
every two or three miles, often less ; whatever arrangements 
might be adopted for carrying the rope under the Bridge, one 
of which was suggested by Sir P. T. Cautley in the passage 
above quoted, the delay thus caused must always be, and is, a 
great hindrince to free navigation ; the inconvenience is still 
more felt now, no method of passing the rope under any of the 
Bridges having been yet brought into use. 

'20. The falls on this section are ten in number (For their overfalls M u h m d -  
waterways, &c., vide Appendix B.) vis. :- poor. 

1. Hafiznuggur (or Asoffnuggur). 
2. Muhmoodpore. 
3. Nirgajnee (or Bailra). 
4. Jaolee. 
5. Chitoura. 
6. Sulrtmur. 
7. Rhola. 
8. Mussoorie (or Dasna). 
9. Pulra. 

10. Simra (or Jooeon). 
The first seven have suffered injury, more or less 

severe, in their lower floorings from the action of the water ; 
in olle or two cases the brick on edge covering to the ogees 
was stripped off, but timely repairs and protection saved the 
evil from spreading. Not to encumber this Report too much 
with detail, a few general remarks on each, and an account 
of the present state of and injuries sustained by one, will, 
I think, answer every purpose. I n  the annexed diagram is 
shewn a plan and section of the Muhmoodpoor Fall, where the 
action of the water appears to have been most violent, and 
the injuries to masonry and channel most serious. The 
flooring in all the chambers was more or less extensively 
ploughed up ; in the left chamber the floor, the least thick- 
ness of which is 6 feet, was cut quite through, and a hole some 
15 feet deep eroded in the sandy substratum ; the brickwork 
under the brick on edge covering was found to be very in- 
ferior, some of it so bad as to be dug out without difficulty by 
a phaorah ; the masonry of the ogees was comparatively 
little injured, owing to its better construction and the less 
violent action of the water there; in places, however, the 
floor a t  the top of the ogees, where the water falls over the 
temporary weir from s height of 4 or 5 feet, was stripped of 
its brick on edge covering. These latter itjuries were repaired 
by a fresh coating of brick on edge, covered with planking, 
to protect the green masonry from the scour of the water. 
The holes in the flooring were filled up with hard material, on 
which was laid sound brickwork, sandstone from the Delhi 
quarries forming the covering over all in the  most exposed 
portions, the rest being faced with brick on edge as before, 
on which were fastened down ban of wood and iron to secure 
it from being tom up before the mortar had time to harden 

D 



properly, as  i t  was necesssry to  turn the water into the Canal 
with as little delay as possible after the completion of the 
repairs ; with the view of diminishing the scour over the 
injured parts, temporary weirs were constructed, as shewn in 
the diagram, across and close to the extremity of the floor- 
ing. These repairs were executed about the close of the year 
1862, and have stood, with a few comparatively trifling addi- 
tions, up  to the present date. The hole in the bed below the  
tail revetments is, will be seen by a reference to the longi- 
tudinal section, somewhat deeper than the lower foundations 
of the work, though the well foundations were here carried 
down to a depth of 32 feet below the bed level. With the view 
of preventing further erosion so close to  the work, a temporary 
weir was thrown across the channel a few hundred feet 
lower down ; this has apparently answered its purpose for the 
present, though matters are still in a very unsatisfactory state 
here, as in some of the other falls. The curved terminations 
to the tail revetments, adopted in this and all the other falls 
except Nirgajnee, have not fulfilled the projector's expecta- 
tion (vide description in  Ganges Canal Report, Vol. 11.. page 
169) ; they cause apparently violent eddies, by which the 
bed and banks below are in every case extensively eroded. 

Remaining Overfalb. 21. The Hafiznuggur Falls were damaged about the 
same period similarly to those above described, but  to a 
comparatively trifliug extent ; the brickwork on the injured 
floorings was renewed, and the work, a t  the closure in August 
last, appeared in fair order. The action of the water here is 
fully as violent as a t  Muhmoodpoor, bnt the masonry is very 
superior, especia1.ly the brick on edge covering. The cutting 
away of the sides of the channel below the tail walls is more 
extensive than at any fall except Muhmoodpoor ; and .the 
channelling out of the bed appears, from the longitudinal sec- 
tion (Plan IV.) to be the  deepest along the whole line. 

The Nirgajnee Fall is in better condition than any of 
the f i s t  seven, owing doubtless to the greater depth of back- 
water on the flooring, which is due to  the very trifling ex- 
tent of channelling down stream, where the bed is on a stra- 
tum ofclay, and the extra width to which the channel was 
excavated originally. The terminations of the tail revetments 
were here formed in a curve outwarde, instead of towards the 
centre of the stream as in the other overfalls, thus forming 
a large basin, in which the accelerated velocity of the water 
shot down the ogee fall is destroyed, and the boils and eddies 
lose themselves. 

That  the back water, and that alone, has been the salva- 
tion of this fall is evident, for the brickwork is very inferior, 
especially that on the ogee curves. 

The  injuries to the  Jaolee Falls were little less serious 
than to those a t  Muhmoodpoor, and an additional difficulty 
presented itself in executing the repairs in the height of the 
springs above the lerel of the lower flooring. The brick on 
edge covering was in places bulged upwards as if blown up  
from below, and water was seen to spirt through the side 
walls 3 or 4 feet above the flooring ; in making the repairs, 
small holes were left through t l ~ e  thickness of the floor for 
the escape of these springs, which has apparently stopped 







the tendency to blow up. No issue of water from the side 
walls was apparent when I Baw the work a t  the commencement 
of the late closure in August ; shortly afterwards, however, I 
mas informed by the officer in charge, springs showed them- 
selves in the old spots, owing probably to heavy and conti- 
nued rain. The covering of the injured flooring is for the 
most part of Delhi sandstone carefully laid, yet, spite of every 
care in the construction and selection of the stones, blocks 
weighing from 13 to 15 cwt. were washed out 'when the 
water was re-admitted into the Canal last September. This 
has occurred here as well as a t  other falls before, and in every 
instance when the supply of water in the Canal was less than 
usual. 

The Chitowrah Falls seemed to stand fairly until just 
hefore the last closure, when the flooring in the left chamber 
gave way ; and, on the Canal being laid dry, a large hole was 
found right through the masonry. The old brickwork of this 
fall is little better than at Muhmoodpoor ; in fact, from 
Muhmoodpoor to Sulawur inclusive, the falls seem to have, 
been constructed with less care than any other works on 
the Canal. 

The floorings at  Snlawur have long been in a dam- 
aged state ; in the closure of April 1863, there wae not time 
for completing the repairs, and blocks of stone were thrown 
in loosely, which, with few exceptions, were found to  have 
remained unmoved when the Canal was again laid dry in 
August last. From the diminished volume of water to  be 
dealt with here, however, and the better quality of soil in the 
channel, the injuries do not seem to have extended. A few 
blocks of stone, as at Jaolee, were displaced a t  the point of 
qreatest scour, and turned over on the top of the flooring 
below. This stone covering was relaid last August. The 
brick on edge covering in  this fall was very inferior indeed ; 
some of the mortar joints on the ogees were so wide as to 
admit of a hand being passed with ease between the bricks, 
nor was the mortar even of tolerably fair quality. 

A t  Bhola the injuriea to  the floorin!s were never of 
much consequence ; comparatively trifling repairs have 
sufliced to keep the works efficient. 

The three remaining falls a t  Mussoorie, Pulra and Sirnra 
have remained in good order from the first, owing chiefly 
to the diminished volume of water passing over them, but 
also to the better quality of the workmanship. 

WORKS ON CAWNPORE BRANCH. 

22. The longitudinal section shows erosion in the bed channel. 
more or less from the head to the 60th mile, but nowhere 
to any serious extent. Below this, to the Cawnpore lockage, 
silt is deposited generally ; on many of the bridge floorings 
to  a depth of two feet. The channel here and watercourses 
are the receptacles for the ailt deposits brought down from 
the upper portion of the Canal ; many of the  latter, even 
a t  this early period of their existence, are lined for some dis- 
tance from their heads by large ridges of silt, the result of the 



necessarily frequent periodical clearances. A fall constructed 
in the flooring of the Keylunpoor Bridge about 3 miles 
from the head, has been the cause of much erosion from bed 
and ball ks  both ahove and below. With the view of lessening 
the evil, weirs were built some time since across the floor- 
ings of the three bridges next in order, of heights propor- 
tioned to the distances of each and the fail to be overcome, 
thus distributing the fall over a greater length. This, how- ' 
ever, though supplemented by lines of piling a t  intervals 
across the bed, has only had the effect of reducing the action 
of the water a t  the Keylunpoor Bridge ; the velocity of the 
current is still greater than bed and banks can stand, be- 
sides being a great obstl-uction to the navigation. - - 

The berms or towpaths along a large proportion of the 
line, especially in the " Oosur" soil, need repairs much if 
they are to be used for tracking. 

Masonry Worke. 23. The masonry works throughout are in good condi- 
tion. The lower chamber of the Cawnpore lockage nearest 
to, the river, for some time subsequent to the completion of 
the works, gave much trouble, from the difficulty of work- 
ing hinged pates where silt was constantly being deposited 
to a considerable depth on the floorings. The adoptiorl of ver- 
tical iron drop gates has, however, effectually obviated the 
difficulty ; and for the past year or so there has been no ob- 
struction to  the passage of rafts or boats. 

Available Headway. 54. The headway a t  full supply under the bridges on 
the line varied originally from '74 to  6 feet. This was 
considerably diminished at several points on the lower por- 
tions by the silt deposits on the bed ; as, for instance, a t  the 
Bhawunt and Aima Bridges, where the water, I was in-  
formed by the late Executive Engineer, Mr. Anderson, ha8 
often been known to stand 8 feet above the floorings, thud 
leaving only 53 feet clear headway under the arches. The 
Aima Bridge in particular proved so great an obstruction 
to the passage of laden boats, that i t  was lately found neces- 
sary to remove the brick arches, and substitute iron girders 
a t  8, higher elevation. 

ETAWAH BRANCH.  

25. The declivity of the bed on this Branch was ori- 
ginally projected lvidc Ganges Canal Report, Vol. 11, page 
377) a t  1 in 4224 (or 1.25 feet per mile) from the head to the 
54th mile ; below this to the terminal lockage, a t  1 in 
5280 ; the superfluous fall in the ground surface being 
disposed of by an 8 feet overfall a t  the Nubbeepoor Bridge, 
mile 154 (aide Ganges Canal Report, Vol. 11, page 375, and 
Atlas Plate V). It has been excavated, however, on decli- 
vities somewhat greater than these, and the overfall a t  Nub- 
beepoor dispensed with, the flooring of the present bridge 
being 5.5 feet lower than the erest of the projected over- 
fall. The section for the first 51 miles shows trifling ero- 
sion in the bed, below which to the end silt is more or 
less deposited ; in some places the depth of the deposit is as 
much as 2-8 feet. The berms below the Gikror Escape, 
67th mile, are in fair order ; above that they have beeu cut 



into here and there. About five-sixths of the calculated full 
, supply appears to be the maximum which has hitherto 

been admitted, and this irregularly, alternating week about 
with the Cawnpore Branch, as the supply in the Main 
Canal which reaches the Branch Head at Kanoon is 
seldom sufficient, in the height of the irrigating season, 
to give their full allowance to both branches simultane- 
ously. 

The works (both excavation and masonry) are complete 
down to the Kerown Escape, 170th mile. The channel has 
been excavated for three miles further to the head of the 
terminal lockage, which has been commenced. Irrigation, 
however, has not yet been much developed below the 119th 
mile (Devipoora Bridge), and at the Jheenjuck Bridge, 131st 
mile, ceases entirely. 

Holee of considerable depth have been eroded below . 
some of the bridges on the upper portion ; but as the bed 
has not been deepened generally for any length, undermin- 
ing of the foundations may be effectually prevented by a 
short talus of kunkur blocks. 

26. The obstructions to navigation in absence of tow- 
paths under bridges, insufficient headway, &c., are similar to 
those on the Cawnpore Branch. 

FUTTEHQUREI BRANCH. 
27. The works on this Branch have been completed, m-h Branch. 

with the exception of locks, only ae far as the 40th mile ; 
below this, as far as the 80th mile opposite Anoopsh~ihur, 
works are in progress. Al l  were reported by the Execu- 
tive Engineer, Mr. Parker, in good order, a t  the date of 
the closure of the Canal in August last. The supply of water 
hitherto admitted being only sufficient for the irrigation 
down to the 40th mile, none of the works have yet been 
fully tested. The first 17 miles from the head are excavated 
in soil similar to that above Sirdhanna on the main line ; 
it is therefore tolerably certain that erosion of bed and banks 
will take place along this portion when the full supply is 
admitted. 

KOEL AND BOOLUNDSHUHUR BRANCHES. 

28. Of the two remaining branches originally projected, Bool~~l1deboaar end Koel 
the Koel has not yet been commenced ; the Boolundshuhur Brmchw- 
has been completed for eleven miles as at first designed, 
below which it has been divided into two forks, each about 
17 miles in length as finished up to date ; these forks, 
however, can hardly be termed Branch Canals; they are 
rather large rajbuhas or main water-courses. 

89. Now as to the causes of the defective state of diB:nyf OE%.V~ con- 
the works on the main line, the primary one has been, 
and is, undoubtedly the excessive velocity of the cur- 
rent, owing to the original projection of the bed- on 
too great a declivity ; and in the earlier period of the 
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Canal's existence, to the absence of means for counhr- 
acting the scoelerated velocity caused by the undue 
depression of the surface of the water at the overfills. The 
normal mean velocities of the current, where unaffected by 
overi'alls, varied as originally calculated (vide Ganges Canal 
Report, Vol. I, page 243) from 4.04 to 8.53 feet per second. 
In observations for discharge taken by myself last spring a t  
various points along the line, I found mean velocities varying 
from 4.7 feet per second below the Myapore Regulating 
Head to 3 feet at  Roorkee ; and in the central portions, and 
even as far down as the head of the Cawnpore and Etawah 
Branches at  the 18 1 st  mile, 4 feet and upwards per second 
(vide cross sections at  a. 13) ; and t h ~ s  with only about 
2-3rdsof the full supp P" y of water in the Canal; these are 
evidently greater than the soil, more or less sandy, can stand 
without erosion, and the results are evident in the exten- 
sive channelling out of the bed, and, in some 
of the channel. Sir. P. T. Cautley anticipate rrts, the occurrence widening 
of this channelling to some extent (vide Ganges Canal Report, 
VoL 11, pages I58 and passim) and his idea ass, that the bridge 
floorings would "act as retainers of the slopes so that were 
a retrogression of levels equal to the whole amount of the 
fall between two bridges to take place, the maximum de- 
clivity upon the flooring could not exceed 3.75 feet," these 
bars being situated at intervals of three miles or less. Bars 
across the bed at  sufliciently short intervals would doubtless 
prevent erosion, but in this case it is clear that the bridges 
are too far apart for the purpose. A reference to the longi- 
tudinal section (Plate IV), will show that the bed has been 
channelled out in the sandy tracts on a tolerably uniform 
deolivity, but less than that originally projected, from the 
foot of one fall to the crest of the next, and that the bridge 
floorings project from this bed without affeatiog its general 
level : the observed conaeqdence of which is that the surfaoe 
of the stream all along is depressed below its normal level : 
the velocity of the cnrrent is uniform except quite close to 
the bridges where the raised floorings act as weirs, heading 
up the water slightly and causing a rush through, which entails 
in some cams very violent aotion on the bed immediately 
down stream. The heading up, which produces accelerated 
velocity through the arches, is very slight in every case; 
at  some bridges it can hardly be detected by the levelling 
instrument. 

When the Canal was first opened the water was allowed 
to pass freely over the crests of the overfalls which were 
laid on the 'level of the bed of the earthen channel ; erosion 
of bed and sides for some miles up rapidly followed, and it 
soon became apparent that means must be adopted for raising 
the surface of the stream a t  these points ; planks were ac- 
cordingly fixed in the grooves above the bridge arches, or 
temporary weirs formed, over whi& the water was allowed to 
fall ; in some cases the surfaee of the water was thus raised 
considerably above its normal height, causing a backwater 
in the channel above, as in the reach from the Butmoo 
Regulating Bridge to the Hafienuggur Falls, where the 
water stands on the three bridges abwe the Solanee Aque- 
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duct  at about 64 feet a t  the same time that the guage 
at Roorkee shows 7 feet, and that above the Hafiznuggur 
Falls 7.8 ; this, however, has been beneficial in diminishing 
the velocity of current due to the excessive declivity of the 
bed for a considerable distance above the overfalls. The 
widening of channel immediately below the falls is obvi- 
ously due to the accelerated velocity there from the shoot 
over the ogees and deficiency of backwater. 

30. The bed between the Myapoors Regulator and the of Channel fiwm Mya- 
Khunkul Bridge was projected on a declivity of 1 in 2640 Poor Banipoor. 

(or 2 feet per mile), the velocity due to which has not yet 
caused any serious erosion in the stiff soil there. Below 
Khunkul Bridge and onwards to the Ranipoor super-passage 
t he  soil is more or less light and sandy, and though the 
declivity of bed was here reduced to 1 in 3403 (or about 
1* feet per mile) the velocity of the current is so accelera- 
ted by the stream from above the Khunkul Bridge that bed 
and  banks have been and are still being extensively cut 
into. 

81. The deficiency of backwater, caused by the general Deficienq of b=kaater 
depression of the surface of the stream below, on the floorings ~~flooriugs.  
of the overfalls, has evidently been one, if not the chief 
cause of their failure; the in uries have generally been 
observed to take place with a low supply in the 
Canal ; in other words, when the depth of the back- 
water on the fall flooringe was less than usual ; and in a 
report dated 18th of last month September) from Lieute- I nant Forbes, the Superintendent o the Northern Division of 
the Canal, he states that "in each of the instances in which 
damage has occurred' to the Jaolee Falls, it has invariably hap- 
pened when the sup ly in the Canal on the Roorkee gauge 
has been reduced to Sf feet or less ; when the Canal was 
opened on the 27th ultimo, the aupply was kept up to 7 feet, 
it was then lowered to 6 feet, and eventually to 58 feet, and 
within three or four days (I write from memory) the damage 
took place." The Nirgajnee Fall, it has been noted above in 
pma. 21, is in better condition than any of the others in the 
sandy tract below RoorkBe, though the brickwork is no bet- 
ter than in those which have been seriously damaged, the 
only difference observable in their condition being the great- 
er depth of the backwater on the Nirgajnee flooring. The 
ploughing up of these floors has, with few exceptions, been 
observed to commence a t  the point of greatest scour, or 
meeting place of the backwater with the stream shot off the 
ogee curve ; the shoot or scouring has undoubtedly been 
lessened by raising the crests of the Falls, though in- 
creased action has thereby been brought on the floors above 
the ogee curves ; the few instances in which injuries to the 
masonry have resulted from this have, however, been easily 
repaired, and further extension prevented by e covering of 
wood or similar material. 

To illustrate the effect of the raising of the crests in 
altering the velocity and direction of the falling water, and 
thus lessening the extent of ecour on the floorings, a sketch 
of the Pulra Falls is annexed, showing, from actual measure- 
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For i n s t a ~ . ~ ,  at  the Xu'aallon Regdating Bridge, the depth 
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eolatim be 8 feet, while that in the Cawnpre Branch 6 
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bed of the latter is formed on a continuoas dedivisy wi th  
the main Canal, giver a fall in the surface at that point of 
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kind wau procurable were long, wonld have been enormous, 
great41 than tbe projector amsidered himself jasti6ed in 
incurring, especially when he had hod long experience of 
good brickwork having luted well in similar ciraurrstyrces 
elrewhere. 
To show what brick on edge fLcing KiIl stand if of Grst 

rate material and workmanship ; at the G h m  Pa% on the 
Eatam Jnmna Canal, where the 'depth of fdl is 8 feet, 1 
found the velocity of the current on the low= flooring be- 
low the ogee curve to be 15 feet per second, and at the 
Belka Falls on the same Canal where the drop ia 15 feet in 
two deecenta, one over an ogee curve, the other immediately 
in advance down an inclined plane, the velocity at the foot 
of the latter was found by the Superintendent, Lieut. Mon- 
crid, to be not lese than 20 feet per second. 

Now the maximum velkty on the flooring of the MI& 
moodpoor Falla described above, calculated from the dis- 
charge in the channel at Boorkee and the obeerved depth 
on the flooring of the fall, cannot exceed 14 feet per second. 
It is clmr from this, I think, that inferior workmanship and 
material have had a large share in the cauees of injury to 
these falls. The greater quantity of silt in the Ganges 
Canal water will also account, in some measure, for the dif- 
ference in the weariog qualities of the works on the two 
Canals. - 



The action of the springs a t  the Jaolee Falls might, per- 
haps, have been obviated by a layer of puddle under the 
masonry of the flooring. 

The above remarks will, I trust, explain with sufficient 
clearness the nature of tbe defects which impair the efficien- 
cy of the Canal as an irrigating conduit ; others there are, 
but they are solely connected with its navigable capabilities. 

34. The headway under the ~ r i d ~ e s  available for the Headrayunder Bridges 
'I through" traffic is limited, i t  will be observed from 
the description of the works before given, to 5, or at 
most 53 feet, by the stat,e of some of the bridges on 
the Cawnpore Branch. Six feet appears to have been considered 
the minimum limit in the construction of the works general- 
ly (vide Ganges Canal Report, Vol. 11, page 73), but even 
this subsequent experience has proved to be too little. 

The absence of towing-paths under all the bridge arches 
below Sirdhanna, the 75th mile on the main line, has been 
another source of great obstruction, as well as the irregularitv 
of height of the towpaths or earthen berms along the line fro* 
Roorkee to the Boolundshuhur Branch Head a t  the 110th 
mile. These last, I understand from Sir P. T. Cautley, were 
t o  have been cut down to  a unifol-m level as time a r ~ d  oppor- 
tunity permitted, but from motives of economy, this, as  well 
as repairs to the existing berms the whole way from the 
Heads to the Cawnpore Terminus, has hitherto been held in 
abeyance. 

35. I omitted above to  mention that the erosive action 
was much greater some three years ago, from the larger 
volume of water then allowed to pass down for the relief of 
the parched districts, during the late terrible famine. By 
observations taken in the beginning of 1861 by Mr. Logirr, 
then the Superintendent of the Northern Division, and his 
Assistant Xr .  Hair, the discharge immediately below the 
Myapoor R,egulating Bridge amounted to 6,710 cubic feet per 
second, while the volume obtained by me, a t  the same place 
last spring, with the water standing a t  the maximum height 
allowed during the past two years or thereabouts, was only 
4,813 cubic feet per second. The channelling out of the bed 
was then, in conseqllence, deeper than i t  is now. The longitu- 
dinal section does not shew the full depth to which the evil 
at  one time extended, the bed having silted up latterly to  some 
extent, owing to the reduced velocity generally. It has also 
been observed, that silt is more or less deposited in the few 
days ~revious  to  the closure of the Canal, when the supply is 
being gradually reduced. 

36. The unanimous opinion of the Committee of Reductionof velocit~ the 
only permanent remedy. 

Engineer Officers assembled in January last, to consider the 
question was, i t  will be seen from their Memorandum 
(Appendix A), that i t  is hopeless to  expect a permanent 
rectification of the evils above enumerated without a reduc- 
tion of the velocity of t,he current-the primary cause of those 
evils-to one which the soil will stand without erosion. Nor 
do I suppose their judgment will be questioned by any one 
gcquainted with the preseiit conditiol~ of the Canal. 

F 



The erosion would not so much affect the stability of 
the warks mere i t  confined merely t o  holes in the bed imme- 
diately below ; a talus of hard material will, in every case as 
shewn by the fdcts, trnnsfer the ero3ive action to a safe dis- 
tance from the floorings ; it is the channelling out of the bed 
on long lines which produces the dangerous action. Attempts 
have been made a t  various times to arrest this by driving 
lines of stakes a t  intervals across the bed, their tops cut off 
level with the original bed, but  they have hitherto failed to  
effect the object in view, and the similar tem1)orary expedi- 
ents adopted below the  flooring^ of the falls and bridges 
where undermining was apprehended, require constant and 
anxious care to keep them efficient. 

T h e  reduction of the velocity necessary to the effici- 
ency of the Canal simply as a water carrying channel, mill 
also facilitate navi~ation, which. is now much obstructed by 
the excessive velocity at  certain points on the main channel. 
I n  the Cawnpore Bri~nch, except for the few miles near the 
Head, no cotnplaints have been made on this score. 

Another improvement of no slight importance which 
will undoubtedly result from this reduction of velocity is the 
diminution of the silt now carried down in such enormous 
quantities to  the lower districts of the Canal. That this is 
chiefly, if not entirely, due to erosion from the banks and 
bed above, is evident from the fact that the water for seven or 
eight months in the year when the largest slipply is required 
for irrigati~n, enters from the Ganges at the Heads cleir as 
crystal; by the time it reaches Roorkee, the extremity of 
the  Ganges Valley, i t  has assumed a leaden colour; from 
Roorkee downwards i t  gradually becomes thicker and thicker, 
the colour changing to  that of pea soup as  i t  passes 
through the light sandy soil, nor does it appear to  part with 
much of the matter thus taken up till i t  has advanced some 
miles down the Cawnpore and Etawah Branches. 

The  Futtehgurh Branch, for the first 17 miles, will, I 
have before observed, require some alteration to admit of the 
full supply being safely passed down; with this exception, 
remedial measures (affecting the Canal as an irrigating con- 
duit) are necessity only on the main line from the Heads 
to the bifurcation below Allyghur, a distance of 161 
milee. 

rropowl rw mrsctidation. 37, Supposing the  volume of water in  the Canal to 
as  projected the redaction of velocity can be effected 

only by diminishing the declivity of the bed, or in- 
creasing the width of channel section, or by a combi- 
nation of both. Above Roorkee (the 19th mile) from the 
difficalt nature of the country and the magnitude of the 
works measurce must obviously be confined to the 
existing channel ; below that point two courses are open, one 
to  continue the remodelling down to the Allyghur (or 
Nanoon) bifurcation ; the other, (suggested by Sir P. T. 
Cautlcy) to divide the supply by carrying a new channel to 
the westward on the water-shed between the Hindun and 
Weet U e e  Nuddee Rivers, which should rejoin the present 
line a t  some suitable point lower down its course. Sir P. T. 



Cantley proposed that this alternative channel should have a 
capacity of 3,000 cubic feet per second, leaving 3,750 cubic 
feet  per ~econd (the full supply passirig the Solanee Aqueduct 
being 6,750 cubic feet per second) to be collveyed by the 
present line. Another proposition was subsequently made 
by Colonel Strachey to carry the alternative line across the 

resent channel above Meerut leading i t  into the Futtehgurh 
branch, whence it would issue lower down and rejoin the 
present channel above Nanoon. The principle of both, how- 
ever, is the same, i. e., division of the supply. 

It will be shewn hereafter that the present channel a t  
Roorkee can safely carry only 1,870 cubic feet per second ; if 
this be much exceeded, and certainly with a supply of 
5,750 cnbic feet per second, i t  would be necessary to  
reduce the dt~clivity of the bed, and the nurnber of 
overfalls required in cotisequence would be nearly the eame 
as in remodelling the channel for the full supply, though the 
height of each would be less. - 

Now, as the main difficulty and expense of the cnnstruc- 
tion of such works with a running Cnnal are in the laying of 
the foundations, i t  appears to me unadvisable, on the score of 
economy, to attempt any remodelling of the existing line 
involving a reduction of declivity of bed, short of en;~blingit  
safely to carry the entire supply ; any necessary repairs to  
the present bed and works can be easily effected by closing 
the Canal for a month o r ,  so a t  a, time without injury to the 
irrigation. 

The two projects, then, to be worked out are :- 

1 s t  The remodelling of the existing line to enable it to  
carry the full supply. 

2nd. The  remodelling of the line above Roorkee, and 
the construction below that of an alternative line, of s u 6 -  
cient capacity to  convey the difference of volume between 
the full supply and that which the existing line can safely 
carry without alteration of declivity, with the repairs and 
additions necessary to the latter. 

Sir Proby Cautley's views are given in detail in  the copy 
of his memo. dated 8th April, attached to Appendix A. 

Before touching on the relative merits or den~erits of 
either, I think it will be best to give the detail of each as 
now submitted. Provision has been made in both for unin- 
terrupted navigation from the Heads to  the Cawnpore ' 

Terminus, the cost of which is shewn separately in the 
abstracts to the estimates. 

38. The first point to be determined was the velocity of Lz2~edpf 
current which the soil will stand. This has been fixed, from 
actual observations, given in detail in Appendix D, at 2.5 
feet per second for the worst soil me have to deal with, such 
as the Toghulpoor €and hills a t  the 37th mile ; a t  2.7 for 
sandy soil generally ; and a t  3 feet per second for soil such as 
is met with below Sirdhanna Kow, in laying down these 
data as the safe velocities with a full supply, i t  is not in- 
tended to assert that no erosion mill take place anywhere, but 
that the extent will, under any circumstances, be t r i fhg ,  and 



with a diminished supply, silt will, to a certain extent, be 
deposited. Perfect freedom from the latter evil can never be 
expected ; the alternate rising and falling of the supply in 
the Canal will always cause abrasion of banks more or less ; 
besides which, the water from the Ganges entering a t  the 
Heads during the rainy months is never entirely free from 
silt. 

Best form of Overfall. 39, The best form of overfall is the next point to be 
considered. 

The objects t o  be kept in view in any design for such 
works are, I conceive- 

1st. To disturb the normal condition of the stream, 
both above and below the fall, as little as  possible. 

2nd. To reduce the increased action of the falling 
water on the mzsonry works to a minimum. 

The first object will be attained by maintaining the 
depth of the water on the crest of the fall, or close to  it, 
the same as in the channel above, where the velocity of cur- 
rent is " in train " or uniform ; and by so deadening the 
accelerated relocity immediately at the foot of the fall, that 
the water should issue from the masonry work with the 
nwmal velocity in the channel below. 

Now the only means of maintaining a constant depth 
above the fall, or the declivity of the water surface up to the 
fall uniform, is by contracting the waterway a t  that point. 
This may be done from above, from the bed, or from the 
sides. The first would cause a n  excessive scour on the bed 
close to  the fall, and is otherwise objectionable ; the second is 
the method adopted on the Ganges Canal, by raising the 
crests of the falls ; and the third by narrowing the width of 
the crest., which was proposed some time since, an3 a design 
submitted, for the Futtehgurh Branch Falls, by Mr. J. Parker, 
the Superintendent of that Division of the Canal. A11 these 
constructions have, I believe, been previously in  use else- 
where ; but the most efficient me know of yet is a modifica- 
tion of the last described, designed by Captain Dyas, the 
projector of the Baree Doab Canal Works in  the Punjaub 
(now Chief Engineer of Irrigation in the North-Western 
Provinces), in which the water falls through an  inclined 
grating similar to  the teeth of a comb, a full description of 
which mill be found in the copy of his memo. (Appendix El. 
By regulating the spaces between the bars of the grating, 
the water can be kept a t  any required height, and the 
velocity of the water in the channel above is maintained 
sensibly uniform till within a few feet of the fall ; its great- 
est advantages, however, lie in the division of the water into 
thin films, and the extension of the space over which it falls, 
thus materially diminishing the action a t  the foot of the 
fall. 

As to the form to  be given to the actual overfall, much 
difference of opinion has existed. Sir P. T. Cautley has giver1 
his views on the question, and reasons for preferring the 
ogee curve to  eitlirr an inclined plane or a vertical drop in  
the Ganges Carla1 Report (Vol. 11, page 159). Subseque~~t  
experience, however, has shewn clearly the superiority of the 



latter. The scour of water, especially when loaded with silt, 
over an ogee curve or an inclined plane, must inevitably, in 
the course of time, wear out the hardest material, besides 
the evil effects of the accelerated velocity for a considerable 
distance in the ohannel below in the erosion of the bed and 
banks, which is well exemplified in the case of the Muhmood- 
poor Falls (vide diagram at para. 20.) 

On the Eastern Jumna Canal, i t  is true, the falls of this 
form have acted efficiently for many years ; but spite of the 
best of workmanship, and the comparatively small body of 
water passing over them, repairs more or less are periodically 
necessary. On the Baree Doab Canal in the Punjaub, all our 
fells with one exceptien were built with a vertical drop ; and 
this, constructed on the general design of the Ganges Canal 
Falls, is the only one which has been a source of constant 
trouble from the first. A vertical drop fall, with a cistern 
of sufficient width at  the foot, is undoubtedly the best form, 
by giving a wide and deep basin for the backwater, in which 
the falling water may expend its violent action before issuing 
from the nlasonry work. It also effects a second desideratum 
ip  diminishing the impact of the falling water on the 
masonry. 

The action af water falling thus has been compared to 
that of a pile being driven close to masonry, which is felt to 
vibrate with every blow of the ram. This is not, however, a 
fair comparison ; the actual result being analogous to the im- 
pact of one elastic body in motion on another a t  rat, in which 
the moving body loses a considerable portion of its velocity, 
the other acting as a cushion or buffer. What the depth or 
surface area of the lower water should be to protect the 
masonry from all injurious action we have no data yet to 
determine accurately ; but from Captain Dyas's memoran- 
dum, above referred to, it will be seen that the dimensions 
adopted in his works have answered with the supply of water 
hitherto flowing in the Baree Doab Canal. 

It is clear that, in a vertical fall with a "grating," the 
action below must be much less tban in either a " weirn fall, 
or one in which the water pa~ses through a single contracted 
opening ; the form possesses also the additional advan- 
tage, incalculable in a navigable channel, of preventing any 
acceleration of the surface velocity, further than a few feet 
from the actual crest of the fall. The size of the basin 
below must be the same for all. 

40. The headway for navigation under the bridges Headway necewarJr for 
has been fixed at a minimum of 10 feet for the following navigation. 
reasons :-I found, by enquiry among the boatmen on the 
Ganges at Cawnpore, and measurements on their boats, that 
the highest load above the gunwale they carry even on the 
river is limited to three M e s  of cottonlaid one over the other, 
the thickness of a bale of unpressed catton being 22 feet g e  
nerally ;this would give a clear height of 8$ feet, and if the 
deck or gunwale of the boat when laden be 1 foot above the 
water surface the total height nhould be 9& feet. Ten feet, 
therefore, appears ample for every purpose, and this would 
admit of the passage of s d  steamra a d  passenger boat& 

8 



On English nsvigable canals the height allowed is generally 
from 10 to I 1 feet. 

~ h ~ n s i ~ ~  of lo&. 41. The proper dimensions, especially the width, to be 
given to the lock chambers were not so eiisilv determined. 
With the boats a t  present in use on the Can& varying in 
width up to 1 2  feet, unpressed cotton, the most bulky material 
hitherto carried, is loaded on the deck or gunw:~le to a width 
of 15 feet, or three bales, each bale being about 5 feet in 
length; the present locks being 16 feet wide, this passes 
easily. 

If large and powerful steamers are to be employed, i 6  
feet is not sufficient. Judging from Canal works in America 
and elsewhere, nothing under 2 0  or even 25 feet will answer ; 
yet screw steamers navigate the Forth and Clyde Canal 
throughout, where the width of the locks is only 15 feet. 
Small steamers, and trackir~g by men or cattle, seem to me 
most suitable to  the present condition and habits of the 
natives of the country ; and as  the navi~at ion will be 
carried on chiefly, if not entirely, by them, I have retained 
Sir P. Cautley's width of lock as sufficient for all purposes. 
These two last points, however, are open to discussion. 

bprrnte lock channels 42. Separate lock channels round the falls have been 
lot *rilabl% and avoided, except in one or two instances, throughout the pro- 

jects now submitted, from their unavoidable tendency to silt, 
especially in the lower reaches. With a velocity in the chan- 
nel maintained uniform up to the fall crest, and gratings or  
other protection, there can be no risk in attaching the 
lock chamber to the side of the fall, and the construction is 
much less expensive. 

een-1 messnres re- 43. The measures, then, recommended for remodelling 
mmmmded .for r.emodell- the existing line are generally as follows :- 
img preaent h e .  

I. Reduction of the declivity of bed, and increase to the 
sectionid area of channel. 

2. Construction of new overfalls, with vertical drop and 
gratings. 

3. Alteration to existing falls ; making the drop verti- 
cal, and uttacl~ing gratings. 

4. liaising bridges, Bc., wherever the headway is iu- 
sufficient. 

5. Constructing towpaths under the left arches of all 
bridges now without them. 

6. Repairing the berms throughout. 
7. New sluice apparatus a t  all ltegulating Bridges, and 

means of co~tuteracting the effect of difference of surface level 
above al:d bciom. The main difficulty in projecting the d- 
terations 11as been to utilize existing works to the utmost 
extent, each bridge and fall requiring separate consideration ; 
the new levels of the bed have been adjusted chiefly with re- 
ference to the dcpth of the bridge foundations. Whatever is 
deficient ia the fbllowing details will, I think, be found in the 
Tabular Statement (Appendix B.) 

Volume of water to be 44. The volume of water to be provided for and its distri- 
provided for and its dish- bution has beeu assumed as originally determined by Sir P. T. 
bution. Cautlcy (vide annexed Statement), with the addition above 
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the Rutmoo of the approximate expenditure in irrigation 
and loss by absorption on the line between that and the 
Heads. This, according to Mr. Login's experiments above 
quoted, amounts to 430 cubic feet per second; and my own 
observations taken last spring give about the same proportion. 
The maximum discharge at Myapoor should therefore be 
6750 + 430 = 7180 cubic feet per second. Between the 
Rutmoo and Roorkee the absorption must be very inconsider- 
able ; irrigation there is none, and the capacity of the Solanee 
Aqueduct is an absolute limit to the supply at that point ; 
the full supply of the original project, 6750 cubic feet per se- 
cond is (vide Appendix B.) the maximum which can pass 
there. The act.ua1 expenditure for irrigation in the sandy 
tracts below Roorkee is much above that originally allotted 
being upwards of 800 cubic feet by Mr. Login's observations 
(instead of 330 cubic feet) ; the total approximate diminution 
in the 30 miles to the Futtehgurh Branch Head being 1004 
cubic feet per second. My own experiments give a solnewhat 
less result ; they were not, however, very satisfactory, as I 
could not obtain the discharge at the lower extremity with 
the rajbuha heads closed above, the Canal not being consi- 
dered in a fit state to carry the additional supply with safety. 
The abnormal rate of diminution of supply on this portion 
of the line will not, however, I think, affect the quantity 
origir~ally calculated on as available for the lower districts. 
When the suil of the irrigated districts becomes fully satu- 
rated, a very small supply will be sufficient to maintain the 
saturation ; and the allowance of water for irrigation can be 
regulated by periodical closures of the watercourses. as hae 
long been customary on the older Canals in these Provinces, 

REMODELLING FROM MYAPOOR TO ROORKEE. 
Attomtionsin C h n e t  45. The present waterway of the bridges, 165 feet, has 

been taken as the limiting width of the crose section of the 
earthen channel except in the reach from the Rutmoo t o  the 
Roorkee Bridge, where the available area between the ghbt 
revetments on the Solanee valley embankment has been 
taken as the basis of calculation. 

The reach above the Khunkul Bridge has been left in 
eta& 910. The calculated velocity at  full supply will be 
about 5 feet per eecond, which the stiff soil there will appa- 
rently stand ; below this, and on to Roorkee, the safe velocity 
has been assumed at  a little over 3 feet per second, which I 
found to be the maximum in the present channel, where the 
bed and banks appeared to stand fairly. 

From the crest of the Ranipoor Falle the bed will be  
carried backward on the new declivit of 1 in 8,500, pro- 
ducing a drop at the Khunkul Bridge o f 3-07 feet The depth 
of water in this reach being 13 feet, while that above t h e  
bridge is 9 feet, the surface at  full supply of the lower water 
will meet that above a considerable distance above the drop. 
The backwater being thus ample, it does not appear necessary 
to construct a fall here. Provision is made under the arches of 
the present bridge to prevent undue acceleration of velocity 
i l l  the channel below. 



The alterations in channel down to the Puttree Works need 
no remark. 

Prom the flooring of the Roorkee Bridge upwards, the 
new bed is projected on a declivity of 1 in 9000, which 
produces a drop a t  the Rutmoo Works of 3 6 4  feet; at  the 
Puttree, 6.06 feet below the floorings. The level of the 
floorings of the Rutniclo Works, it is evident,cannot be altered. 
The surface of the water at full supply would therefore stand 
here (12.8-3.64= ) 9.16 feet above those floorin s. Now, 
as  the width between the revetments obovc the feegulatiog 
Bridge is 236 feet, the velocity of current here cannot exceed 
( &$gP,, ) 3'J45 feet per second, almost identical (vide 
Tabular Statement) with the calculated velocity in the channel 
below. 

It has been stated before (para. 13) that, wherever 
an abnormal widening of the Canal channel has take11 place, 
the bed is a t  a higher level there than either above or below. 
In these places the current has formed its own channel, the 
declivity of the surface of the water remaining uniform. This 
being the observed result of natural operations, i t  seems to 
me clear that, in projecting the levels of an artificial channel 
for a uniform velocity of current, whererer abnormal widen- 
ing is necessary, there the bed should not be formed on the 
usual level, but be raisrd to such a height that  the areas of 
wlrter section in  the ordinary channel and the widened por- 
tions should nearly correspond, or rather that the velocity of 
current through either should remain uniform. The bed 
between the Puttree and the Rutmoo, i t  will be seen from the 
section, has already been channelled out to nearly the 
fall extent required for this alteration ; and as the declivity 
of the surfdce of the water through the Regulating Bridge 
will remain unaltered, the action there will be inconalderable ; 
a talus of boulder work will answer every purpose of protec- 
tion. Two other incidental advantages of no slight impor  
tance may be mentioned here :-The water a t  full supply will 
stand below the tops of the piers of the Rutmoo Dams, now 
ten feet above the flooring ; and the headway under the lock 
passage a t  the Puttree a t  full supply will be 8.4 feet instead 
of 2-34, as  it would be with 13 feet of water on the flooring 
there. 

Though the channel through the stiff soil of the Peeran 
Kulliar Bridge is apparently proof against the effects of a 
higher velocity than that calculated in the remodelling ; and 
though the bed of the Solanee embankment might be 

rotected, as Sir P. T. Cautley a t  first proposed, by a 
rayer of boulders,-the velocity which would obtain a t  
full supply, 4'091 feet per secoud, with the present de- 
clivity of bed, appears to me hazardous. I have therefore 
preferred to reduce it to  the normal limit. Protective 
measures t o  the bed and banks will thus also be unneces- 
SaY. 

The  estimate provides for the widening and deepening 
of the present channel, and the repair of the towpath on the 
left, or tracking bank, as well as cutting it down where. ne- 
cessary to a constant level of 2 feet or thereabouts above the 
calculated full supply level. 

46. The navigation is provided for, i n  addition t o  Lockage from Khunku~ 
alterations atsome of the bridges, by a new lock ohannel Putk"e. 

H 
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the talus of boulders. The waterwings and gh$ts must be 
raised slightly to suit the increased height of water. 

A separate lock channel (Sheet 3), for the reasons given 
hefore, has been prqjected on the left bank ; the lock chamber 
situated a t  the junction with the Canal below the bridge t o  
allow of a scour throughout ; a bridge will be required in 
prolongation of the present one over the Canal ; the channel, 
to save excavation, is designed with boulder masonry revet- 
ments on both sides. 

49. The alterations at the Puttree and Ranippor Works Puttree and R ~ p o o r  
may be described together, being to a great extent similar ; LO"- 
Sheets 5 and 6 show the proposed additions, Qc., at  the for- 
mer: the maaonry of the fall ogees to  be removed, thus 
making the drop vertical ; new flooring laid in below and 
covered with stone a t  the point of greatest &ion. Piers to 
be built in the centre of each opening supported on flying 
arches abutting on the drop walls and faces of the super-pas- 
sage arches ; between these gratings, of sal wood, to be fixed 
as shewn in plan. 

Similar gratings to  be attached a t  the extremities of the 
arches on the down stream side, in  order to diminish the ve- 
locity under the super-passage, and prevent acceleration of 
velocity io the channel below. 

The bouldertalus to  be lowered 6.06 feet and relaid ; the 
lowest layers in mortar; the upper, of the largest stones care- 
fully packed together ; and to  secure this from all risk of be- 
ing undermined, a row of wells to be sunk 60 feet below the 
head wall of the super-passage, right across the  channel. 
Round wells have been projected for all such work in prefer- 
ence to the " blocks" of the original design from the very 
superior facility with which they can be nndersunk. Wi th  
these protections and the amount of backwater here, no appre- 
hensions need, I think, be entertained for the safety of the 
work. 

Piers and waterwings up  stream must be raised to suit 
the inoreased height of water in the channel. 

The alterations for the navigation are  as follow. A por- 
tion of the outer revetmerlt of the masonry channel above 
the lock to be removed to give direct access from the Canal, 
the old navigable channel being embnnked across higher up, 
and a culvert constructed under the embankment ' for the es- 
cape of drainage water ; lock chamber walls and gates to be 
raised slightly above full uupply mork. As with a less supply 
in the Canal than 9 feet the depth of water on the lower floor- 
ing will not be sufficient to  float a ladm boat, the formation 
of a second lock chamber below the arcllca of the super-pas- 
sage becomes a necessity ; the proposed design of this will be 
seen in the plan ; with a higher supply in the Canal than 9 
feet the use of these gates will be unnecessary. 

At  the Ranipoor Works similar alterations are required, 
with the exception of the down stream gratings, additional 
lock chamber, and new boulder talus and .cnrtsit~ ; the pre- 
sent talus to be lowered one foot. The headway under these 
arrangements a t  full supply will be but 4 feet ; if the bed from 
this point to  the upper Bithadoorabad Piill be depressed 4 
feet (it is at present okannelied out to a greater depth), and 



additions be made down stream as a t  the Puttree, a similar 
extent of headway will be available. This would add about 
Rs. 15,000 to  the aggregate of the present estimates : I 
have not therefore included i t  in the alterations, not being 
necessary to the water carrying capability of the Canal. If, 
however, a free passage for boats be considered a necessity, it 
is  the most economical way of effecting it. The only other 
course open is to carry a separate lock channel round the 
works, crossing under the torrent a t  some distance higher up 
on the right bank of the Canal, the cost of mhich, I need 
hardly say, would be very great. 

Bd~*ooraM Falls and 50. The Upper Bahadoorabad Falls will be altered as 
L&. follows (vide Sheet 4): masonry weirs to be built on the ogees 

to convert the fall into a vertical one. The bridge piers to be 
lengthened and short piers built in the centre of each bay to 
support gratings similar to those designed by Captain Dyas. 
These will consist of wooden bars resting on wrought iron giro 
ders, as  described hereafter for the Muhmoodpoor Falls : the 
bridge arches to  be raised 5.80 feet to suit the increased height 
of water up stream; water wings raiaed 7 feet down stream; 
revetments 2 feet. 

Similar alterations generally to the lower Bahadoorabad 
Fall, but no raising of revetments down stream necessary, 
boulder talus to be lowered 1'4 feet. 

If the bed, as ~uggested in last para., be lowered 4 feet 
above the Upper Bahadoorabad Falls, the raising of the arches 
there will not be necessary. 

A t  the upper lock on the separate channel new gates 
will be required to suit the increased depth of water, and the 
chamber walls must be raised 3.5 feet. Alteration at the lower 
lock will be confined to raising the bridge 3.5 feet. 

~utmoo  F&. 51. At the Rutmoo Regulating Bridge the headway a t  
full supply under the present arches being only 5-84 feet, i t  is 
proposed to raise the side arches, or rather to remove them, 
and build new ones of greater height and span ; the increased 
width will allow of a narrow passage under the arch to admit 
of the towing lines being carried through by hand. This 
involves raising the entire roadway of the bridge, but it 
appeared, after careful consideration, to  be the most econo- 
mical mode of effecting the object in  view. 

The sluice apparatus will be altered similarly to that at  
Myapoor. 

The boulder talus to be removed and relaid at  a level of 
3.64 feet lower, and a row of piles driven across the bed below 
the bridge as shown (vide Sheet 7). 

A new entry to the drainage culvert under tho bridge flooring 
has been projected from the down stream approach on the 
right bank to carry off drainage which collectv there from the 
low land near ; the inlet on the torrent side having been, as be- 
fore stated, closed for some time past. I have not estimated for 
removing the piers of the Inlet Dam ; if decided on, the cost of 
demolition would be trifling. 

Solanee Aqueduct. 58. At the earthen embankment across the Solanee 
valley, the only additions which appear necessary are rows of 
stakes driven across the bed between the ghht revetments a t  
intervals of 200 feet level with the remodelled bed ; this, with 



the reduced velocity of current, mill gradually silt up the 
intervening spaces, and so protect the foot of the masonry 
ghats. 

I n  the Aqueduct itself, the water a t  full supply will 
stand a t  the level of the roadways; a low parapet will there- 
fore be necessary along the ei?ges on either side ; for this a 
height of one foot will suffice, the entire flooring to be covered 
with a layer of well puddled clay covered with brick on edge; 
the action of the current here will be so slight that little 
beyond a water tight covering, is necessary. Seyssel as- 
phalte would doubtless be the best material for the purpose, 
but the cost would be greater perhaps than the circumstances 
call for. According to data brought from England by Captain 
C. S. Thomason, R. E., the cost of a half inch layer of the 
material could not be less than one rupee per superficial foot, 
or Rs. 1,55,380 for the whole Aqueduct. 

53. The alterations to the bridges along this section con- Bridges. 
cist of removals of floorings where necessary, and relaying a t  
the level of the remodelled bed, as well as constructing tow- 
paths, as shewn in Sheet 15, under the left arches for which 
iron uprights supporting girders, and a wooden pathway 
have been preferred to any other construction, from the slight 
obstruction they offer t o  the passage of the water. 

54. The headway available for navigation under the He+dwa~r on remodelled 
remodelled works on this section is not, i t  will be observed, line 
uniformly up to  the prescribed limit of 10 feet :- 

A t  Myapoor it is ... 7.5 fbet. 
,, J o  walapoor do. ... 8'13 ,, 
,, .Ranipoor do. ... 4.00 ,, 
,, Puttree do. ... 8'40 ,, 
,, Dhunowri do. ... 10.00 , 
,, Muhewur do. ... 11-00 ,. 
,, Roorkee do. ... 9.20 ,, 

As i t  has been shewn above that the Ranipoor Works can 
be altered, the height available under the Puttree super-passage, 
8-40 feet, must be taken as the absolute limit for through traffic 
along this portion of the line. Heavily laden boats seldom 
pass under the Myapoor Regulator, s o  that the headway there 
may be considered sufficient; and considering the nature and 
extent of the traffic likely a t  any time to  pass above Roorkee, 
the Puttree limit will, I believe, be ample. 

REMODELLING FROM ROORKEE TO CAW NPORE 
BRANCH. 

55. The mean velocities of current which the soil will Channel Blterations. 
stand without erosion in the channel below Roorkee have 
been determined a t  2.7 feet per second for the portion from 
Roorkee to the new falls below Sirdhanna a t  the 76th mile, 
excepting the very sandy reach between the Muhmoodpoor 
and Nirgajnee Falls, where i t  does not appear safe to allow a 
higher relocity than 2.5 feet per second. 

Below thesirdhanna Falls, the mean velocity is uniformly 
assumed a t  3 feet per second. 

I 



Between Roorkee and the Futtehgurh Branch Head, if 
the waterway of the present bridges be taken as the limit 
of the mean width of section in  the earthen channel, the full 
supply depth of water, with mean velocities of 2'7 and 2.5 feet 
per second, would be 15.15 and 18-36 feet respectively, which 
would necessitate lowering the bed above the falls from 7 to 8 
feet if the bridge arches there be not raised. If the bed be 
retained a t  the level of the crests of the falls, the surface of 
the stream at full supply would stand much above the level 
of the country, and from 5 to 6 feet above the springings of 
the bridge arches higher up, causing an afflux (though 
slight) ; the headway for navigation would then also be in- 
sufficient. By depressing the bed '7 or 8 feet;, the floorings of 
the bridges would be lowered to a dangerous extent, and 
much excavation would be necessary, and that too, in all pro- 
bability, below the level of the surface of the springs. It 
becomes, then, an obvious necessity to increase the width of 
waterway a t  the bridges along these 30 miles. Another arch 
of 55 feet span (there are now three arches of 55 feet 
span) gives a mean width of 220 feet, which has been taken 
as the basis of calculation. 

The consequent declivities, (vide Tabular Statement) 
vary from 1 in 11,000 to 1 in 13,000, with depths of water 
from 11 -3 to 12  feet. The side slopes of the channel are pro- 
jected at 1 in  2 ; the berms are estimated a t  15 feet in width 
on the left or towing bank, and 5 feet on the other ; tops to 
be two feet or thereabouts above surface of full supply in 
the Canal. I n  very light sandy soil the side slopes will be 
cut to 1 in 3 ; and where erosion is likely to take place, spite 
of the redaced velocity, a protection of grass ror)es laid closely 
together and pegged into the slo es, such as is in use on the E Dutch Canals and elsewhere, has een included in the estimate. 
When the traffic becomes extensive, as I have no doubt it 
eventually will, some such protection as this w i l l  be necesary 
in all sandy soil to prevent erosion from the wash along the 
sides. Wherever excessive widening of the channel has taken 
place, the estimate provides for narrowing and forming banks 
to  the proper section. 

Below the Futtehgurh Branch Head, the waterways of the 
present bridges have been taken as the limiting mean width 
of cross section. Into the detail of the new projectiou of bed 
it does riot appear necessary to enter here. Above most of 
the old falls the bed has been depressed to  admit of the water 
a t  full supply passing through clear of the soffit of the arches, 
though in some cases above the ~pringings. A t  the Bo- 
lundshuhur and Koel Branch Heads, the bed is lowered u 
stream to an extent equal to the difference between the dept 1 
of high water up and down stream ; elsewhere the levels of 
the bridge floorings have been retained wherever possible, or  
if altered, only to such an extent as wae considered safe ; 
a boulder or kunkur talus will, it is believed, be a sufficient 
protection in any case. 

New Falb and Loch 56. The number of new falls on this line will be 15, 
projected. height of descent varying from 3.53 to 8'54 feet, making a total 

of 29 from Myapoor t o  Nanoon. 















The first will be situated a t  the extremity of the curved 
revetment r a l l  below the Roorkee bridge where the straight 
reach to Hafiznuggur commences ; that near Sirdhanna, a t  the 
point where the sandy merges into stiff sail: near the escapes, 
they have been projected immediately below and in connection 
with the Escape heads, to give the means of damming the 
Canal across when i t  is  desirable to lay i t  dry below. At 
Moonda Khera and Kasimpoor i t  would have been more 
economicall to have placed tile new falls between the gh$t 
revetments above the bridges ; the restricted width there, 
I~owever, necessitates their transfer below the bridge in each 
case ; elsewhere the new works are projected above and in 
connection with existing bridges. 

The waterway has been fixed generally by making the 
width between the waterwings up stream equal, or as nearly so 
as possible, to the mean width of water section in the channel 
above, so that there should be no tendency to acceleration of 
velocity until quite close to the crest of the fall. The naviga- 
tion has been provided for by locks on either side (videsheet 8), 
the entrance to which is upwards of 105 feet above the drop 
a t  the fall, a distance quite sufficient, I think, to obviate any 
risk of boats or rafts being carriedwwithin the influence of the 
accelerated velocity. Should, however, further protection be 
found desirable hereafter, a floating boom, in the form of a n  
arrow head, with the apex up stream, and fastened to the bed 
in the centre and the extremities of the lock chamber walls 
on either side, or a boat bridge, as  projected by Sir Proby 
Cautley, will answer every purpose. Double lockage has, in 
every case, excepting the old falls, been estimated for ; a single 
lock at each fall will not, in my opinion, be adequate to the 
wants of the t r a5c  which may ultimately be expected on 
the Canal. The overfall is constructed on the general design 
of those on the Baree Doab Canal, of which a plan is annexed, 
except that the piers are of the shortest possible length, to 
give the fullest effect to the backwater in  the cistern and 
basin below ; the bridge, wherever there is one, being situated 
a t  the extremity of the t i 1  basin. A short talus of boulders 
or kunkur blocks is attached to the down stream wall of the 
cistern ; with such a protection there, and considering the 
reduced action of the water with this form of fall, a depth of 
eight to ten feet may be considered ample for the deepest 
foundations. The f loori~~gs of existing bridges in connection 
with these falls will, I believe, be suficiently protected by 
relaying the talus down stream. The width of the fall bays 
has been projected generally a t  fifteen feet,and the total num- 
ber estimated for (vide abstracts of estimates) in 6 sets,vary- 
ing in width of waterway. For the purpose of an estimate this 
may be taken as  sufficiently accurate ; but in practice i t  will, 
of course, be most economical to adjust the waterways to the 
mean widths of channel immediately above. 

Iron lock gates are estimated for, on account of their superior 
durability and lightness of construction. 

Thevarious forms of these works, according to  locality, from 
which the estimates have been framed, will be found in Sheets 
8, 12, 14, 17 and 19 of Plan X, and their several waterways 
in  Appendix B. 



-4lte1-~tiona to present 57. The existing falls, teti in number, i t  is proposed to alter 
fall@. or add to more or less extensively. I t  would extend this 

Paper to an  inconvenient length to enter into the detail of 
alterations at  each ; suffice it to state, that each has been 
carefully considered and estimated for separately. Sheets 10 
and 11, 16 and 18, and the following description of one, 
will sufficiently explain the nature of the proposed remodelling 
generally. 

A plan and sections of the Muhmoodpoor Falls will be found 
in Sheet 10. The waterway is two hundred feet, divided into 
8 bays of 25 feet each ; the entire height under the arches 
being only 11'35 feet, and the depth of water at  full supply 
with the remodelled bed being calculated a t  11-3 feet. The bed 
up stream has been projected at a level 2 feet below the pre- 
sent crest of the fall; the water will thus stand 9.3 above the 
flooring of the bridge. The lower flooring must be depressed 
to the levelof the new bed, or 2.56 feet; the depression being 
carried above the foot of the ogee as shewn; immediately 
above this a vertical drop wall to be .built across each of the 
bays, the top flush with the present bridge flooring ; the bridge 
piers to be produced, and new piers in the centre of each bay 
to  be constructed for the support of the gratiug girders ; (the 
width, 25 feet, of the original bays would require too costly a 
section of girders) ; sections, kc., of the latter are shewn 
separately on an enlarged scale. The new piers will be 
hollowed out underneath to  allow the utmost possible free- 
dom to the backwater below the fall ; and aa it is doubtful 
whether a cistern could .be formed under the fall with the 
present height of spring level, a covering of stone for a 
length of 50 feet below this drop wall has been estimated 
for. With the extent of backwater shewn here, well executed 
brick on end will be amply strong enough to face the rest 
of the work with. The boulder talus to be removed to the 
level of the new bed, and relaid, if the remaining thickness 
be found to be less than 3 feet. The curved extremities of 
the tail revetments to  be cut away to  the width and the 
shape of the sides of the channel below, and the earthen 
slopes pitched with boulders or kunkur for a length of 100 
feet below the fall. At the entrance to the lock channels it 
will be seen, from the annexed sketch, that the stream is con- 
fined between masonry revetments to a width which in no 
case is equal to the increased mean waterway of the earthen 
channel, and above the Futtehgurh Branch Head very much 
less. The estimate provides for removing one side and the 
attached rajbuha head, as well as  replacing the latter and 
removing the left revetment of the masonry passage at the 
entrance to the lock channel, where the cor~tracted width has 
been found so great an inconvenience. A new exit channel 
has been projected below the lock, rejoining the Canal in the 
shortest possible distance (vide annexed sketch). 

Though the bed immediately in advance of the lock 
must be depressed 2-56 feet below the level of the flooring, 
the backwater, except with a very low supply, will be sufficient 
to float a laden boat in the lock chamber. The lock bridge 
must be raised 1-44 feet to give a ten feet headway a t  full 
supply* 







The fall grating8 estimated for througholit these projects 
are, BR I have stated elsewhere, on a general design which 
has worked successfullv elsewhere ; constructions for which 
we have not a precedent, I have thought it best under the 
circumstances to avoid. It appears to me, however, possible to 
improve on the form and material of these gratings, substi- 
tuting masonry in place of iron and wood. 

A design for such a grating is shewn on Sbeet 11, adapted 
for one entire bay of the Muhmoodpoor Falls (for, with 
masonry, it would not be necessary to build intermediate 
piers). 

The arch shewn might be built of brickwork, over- 
laid on the top with stone. It mould abut on the edge of 
the drop wall, supported at  the crown by the head wall of 
a light bridge thrown across the extremity of the piers. 
Vertical slits in this arch, of suitable form and dimensions, 
would give the necessary waterway, and though the exact 
form of the curve to be given to the sides of the slits or 
notches and their width is as yet undetermined, the co-efficient 
of discharge not being accurately known, regulation of the 
height of water surface above can a t  any time be effected 
without difficulty. The strength of the abutting bridge be- 
tween the piers need not be great, as the super-incumbent 
weight on the arch decreases rapidly towards the crown. The 
absence of the intermediate pier will obviously increase the 
effective backwater. 

With the high rate of stone now procurable, the difference 
of cost (in favour of the new design) cannot be estimated 
higher than one-ninth ; but its superior durability will not, I 
think, be questioned. 

I have, from a desire to utilize to the fullest extent all exist.. 
ing works, retained in this estimate the present lock channels 
and locks ; but considering the inconveniences and obstructions 
caused by them, I believe i t  would be preferable to cotrstruct 
new lock chambers in the side bays of the existing falls. A 
design for this is shewn in the plan of the Muhmoodpoor Falls 
i n  dotted lines. It would be necessary to raise the side arches 
some eight feet to obtain the full amount of headway ; to 
effect this a drawbridge has been projectedand estimated for, 
the thrnst of the other arches thus left without sufficient sup- 
port being counteracted by the lock chamber walls built up  
again& the side piers. Protection to craft above the fall 
might be afforded at  a small expense by n line of piling ex- 
tending up stream in the prolongation of the lock wall, the top 
raised two or three feet above full supply level. This I 

arrangement for the lockage would raise the present estimate 
for each fall by about Ks. seven thousand (7,000). 

58. The proposed alterations to the Bridges are as follow :-- Mtemtiona to Bridger. 

An arch of fifty-five feet span to be added to each of the 
bride;es (eight in number) between Roorkee and the Futteh- 
gurh Branch Head. The general design is shewn in Sheet 
9, whicb gives plans and sections of the Munglour Bridge. 
Towpaths will be added under the left arch, as shewn in 
Sheet 15 ; floors lowered and relaid, and waterways, &c., raierd 
where necessary. From the Futtehgurh Branch Head to the 
Sirdhanna Bridge, alteration' will be confined to removing and 

I 



relaying floorings, raising waterwings where necessary, and 
attaching towpaths ; the latter under all the arched bridges 
along this portion of the line are projected a t  a width of 
twelve feet, the curve of the arches not allowing of suficient 
headway cloeer to the abutment. 

Along the entire line from the bridge below Sirdhanna to 
Nanoon, the headway, I have before stated, is deficient. I t  is 
proposed to remove the arches, substituting iron girders and 
roadways of kunkur over sheet iron plates, thegeneral design 
of which is shewn in Sheet 15. Another method of getting 
over the difliculty was by the excavation of a navigable chan- 
nel bridged a t  a suffi&ent elevation, round each bridge on the 
Canal, and this would undoubtedly be the least'costly ; but the 
constant petty expenses and inconvenience such channels 
would inevitably cause make the former method preferable as 
a permanency. The towpatbs under these girder bridges need 
not project more than seven feet. The  other alterations are 
similar to  those a t  the bridges higher up. 

The flooring of the Sirdhanna bridge, which is of kunkur 
masonry, has remained in first-rate order, spite of a constant 
rush of water tbrough the arches. I have therefore estimated 
for new floorings of similar material, wherever it is pro- 
curable at  a moderate cost. 

New masonry arches mightbeconstructed a t  half the expense 
of girders, and would be more durable ; but the time occupied 
in the manufacture of bricks and of erection would be much 
longer, arid it would be necessary to raise the approaches, 
which with girders would generally be retained a t  their pre- 
sent levels. 

Branch Heads. 59. A t  the Branch Heads, similar changes are required as 
a t  the Rutmoo Regulating Bridge, with the addition of 
grating& and lockage into the branch lines. 

Sheet 13 shews the proposed alterations a t  the Futtehgurh 
Branch Head. The two side arches of the bridge over the main 
channel to be raised sufficiently t o  give the normal 
headway of ten feet ; iron drop gates to be fitted to these 
openings; each of the remaining arches to  be divided into 
three parts by iron uprights grooved for the reception of wooden 
sluice gates. The left arch of the Futtehgurh Branch Bridge 
to  be similarly raised, and the remaining superstructure of 
both bridges, and the curved connecting wall with a roadway, 
t o  be made up to  the same height. A weir two feet in height 
to be built across the flonrings of the other arches on the 
Futtehgurh Branch, immediately under the upstream head 
wall ; iron girders to be attached to these arches as on the 
main regulator ; the necessary heading up of the water to 
be effected by vertical wooden gratings let into the grooves, 
similarly to sluice gates. A lock chamber to be constructed 
as shewn, formed partially by the left bay of the bridge, the 
upper gates being placed close to the up stream headwall. 

The floor of the lock chamber to be level with the top of 
the weir. 

The side slopes of the channels down dream to  be 
pitched for e length of 50 feet Gith kunkur blocks or boul- 



ders. Gh4t revetments and waterwings on Main Channel 
to be raised 2 feet. Alterations and additions a t  the 
Bolundshuhur and Koel Branch Heads to  be similar, except 
in height of raising. The lock chambers here are re- 
stricted to 15 feet in width by the spans of the existing side 
arches. 

Single lockage only, i t  will be observed, has been pro- 
vided for the Branch Canals ; the traffic there will be small 
compared with that on the trunk line. 

At the Cawnpore and Etawah Branch Regulator, the surface 
of full supply down stream in the Etawah branch will be 
eight feet below the soffit of the arches ; in the Cawnpore 
Branch, ten feet, as the bed there will be depressed two 
feet. The bridges may, therefore, I think, remain as at  pre- 
sent. I f  the headway under the Etawah Branch Bridge be 
hereafter found too little, a navigable communication may be 
made between the branches lower down, or a channel cut 
round the bridge, unless it be found practicable to depress the 
bed for some distance below the head. 

Double lockage provided for (aide Sheet 20) on the main 
line regulator ; single on the Etawah branch ; the locks in 
both cases to be constructed in the main channel above the 
bridges, to admit of boats passing under the bridges at the 
level of the lower water, and also to keep them out of the in- 
fluence of the accelerated velocity close to the bridges. 

As  the difference of level up and down stream at full 
supply will be, in the Etawah Branch 34 feet, in the 
Cawnpore Branch 6+ feet, gratings similar to those for 
the Puttree Works are designed in all except the lock bridge 
arches ; to support these, piers to be built in the centre of 
each arch up to the level of the top of the up stream water- 
wings. The edges of ghht walls up stream to be raised two 
feet. 

The inverts of the bridge flooring on the Cawnpore Branch 
t o  be removed ; and flat flooring, covered with brick on edge, 
substituted. A line of piling to be driven across the bed of 
both branches at the extremities of the waterwings, and the 
bed between them and the bridge curtains to be covered with a 
four feet layer of kunkur blocks. 

60. At the escape heads no alteration appears necessary, E~~~ 
except lowering the floorings in four bays of the Khutowlee, 
Aboo Nulla and Jannee Khoord works, to admit of laying the 
Canal below them dry when necessary. From the silted-up 
condition of these escape heads, the lower districts of the 
Canal are frequently overloaded, when irrigation is not re- 
quired above, by a five feet supply on the Roorkee gauge 
(the present full supply being seven feet). Store rooms, as 
described hereafter for the alternative line, are estimated for 
each new overfall (15 in number). 

REMODELLING. 

61. I t  is proposed here to depress the bed two feet from Alteration in Channel 
the regulating bridge to the Keylunpoor Bridge at  the 3rd KeylunpOOr Bridge. 



mile, removing the ogee fall in the flooring of the bridge, 
and thus obviating the necessity of gratingu and lockage. 
The irrigation will be little if a t  all affected by this depres- 
sion, as the depth of water in the channel will be greater 
with the reduced velocity. All the other modifications to 
this branch are solely due to the necessities of navigation. 

Alterations to B r i m  62. To give a clear headway of ten feet, all the bridges, 
generally. 56 in number, between the heads and the Dubowlee escape at  

the 165th mile, must be more or less raised. This it is 
proposed to effect by substituting girders, a0 on the main line. 
At the Aima bridge, l22d mile, the substitution as before men- 
tioned, has been already made. The railway girder bridge at 
the 163d mile must be raised two feet, and the gradient alter- 
ed on both sides to correspond. A towpath seven feet in 
width, close to the left abutment of each bridge, to be k e d  
similarly to those on the main line. 

Retention of pnsent 63. The lower railway bridge being close to the station 
"Ow Dnbowlee a t  Cawnpore, and the surface of the rbadways of the bridges Escspe rrs navigable line 

recommended, snd why. in the town, above the terminal lockage, being on the level 
of the adjoining streets, any raiaing there is out of the 

%oeation ; there is nothing for it but to depress the bed aloag 
t is portion of the line. Now, from the Duknapoor Bridge, that 
situated immediately below the lower railway bridge, there 
were three methods of completing the navigable col~b- 
'munication with the upper portion of the Canal :-1st. By 
taking off a navigable channel- above the upper railway 
bridge, and rejoining the Canal above Duknapoor; the 
.length of this would be about five miles, requiring one lock 
and four bridges. 

2nd. I f  deficiency of supply be feared from the wants 
of the irrigation in a dry season, this channel should be led off 
from above Runjeetpoor Bridge (the 150th mile), where the 
last set but oue of the rajbuhas leave the Canal ; this would 
add 12 miles to the length , 2 locks and 9 bridges would be 
required, but it would diminish the number of bridges to be 
raised on the Canal by six. Both these methods would avoid 
the railway altogether. 

The 3rd was to depress the bed from below Dubowlee bridge 
to the upper lock at  Cawnpore eufficiently to afford the necessary 
headway under the bridges in the town. 

The balance appears to me to be in  favor fif the latter, and 
it is the least expensive. The alterations are projected accord- 
ingly. The water in the channel below Dubowlee being only 
for navigation purposes, the declivity and area of section have 
been determined for a ve1ocit.y of current just sufficient to 
prevent the growth of weeds, viz., feet per second ; 
the width at the water line with a depth of four feet being 
36 feet, ample for the passage to and fro of two fully- 
laden boats. The new section nlust be carried up close to the 
Dubom!ee bridge, above which the last irrigation channel 
is taken ; as, with only 4 feet of water in the Canal there (the 
least, I think, which can be allowed for efficient navigation) the 
discharge will be 225' cubic feet per second, of which the raj- 
buba will take off fully 80 cubic feet, leaving only 145 cubic 
feet, the minimum absolutely necessary for the na~ga t ion  
below. 



64.  The drop M o w  the Dubowlee Bridge will thua he , New lock and alteration 

5.61. to overcome which, a double lock, eimilar bo those here- at Dubowlee Bridge. 

after described for the separate navigable line, is projected; 
the head of this will be placed about 150 feet from the bridge 
on the down stream side. , . 

The Dubowlee Bridge itself will be raised to give the full 
headway ; and here i t  seems preferable to  build an arch of 
larger span so as to give room for towpaths on either side, 
formed by cutting down the present abutments to a suitable 
level above the bed, the waterway a t  this point being reduced 
t a  20 feet, almost too narrow of itself for the purposes of the 
traffic. The new abutments can be formed mthout difficulty 
by filling in the present flank arches, thus giving a clear 
span of 30 feet, with 5 feet towpaths on either side. 

65. The bottom of the foundations of the bridges below Alteration8 to work0 in 
Dubowlee being either level with or slightly higher than the Cawnpore. 

remodelled bed, i t  is proposed to underpin them, aq shown in 
the plan of Duknapoor Bridge (Sheet 21), relaying the 
floorings a t  the new level. The span of these bridges, 20 
feet, will not allow of the construction of towpaths for 
cattle under the arches ; 18 feet is, I think, the very smallest 
width which can be allowed for the passage of a laden boat 
moving with the usual velocity ; footpaths 2 feet wide only 
have therefore been projected close to each left abutment, 
which will allow of uninterrupted tracking by human labour 
along these two last miles. 

The upper floor of No. 1 lock, the highest of the terminal 
series, to be lowered 3h feet, and the gates adjusted to the 
lower level. 

The upper mills will have to be altered to suit the depressed 
level of the water in the Canal, The cost has not been included 
i n  the estimate, as mills in such localities, it is well known, 
always pay their own expenses, whether of original construc- 
tion or repairs. 

The arch of the '' General Gnnj" Bridge to  be removed, 
'rders substituted a t  a .higher elevation of 4.$ feet. 

and Two 7' eet towpaths added below. 
The arches over lock chambers No. 8 to be raised 2 feet. 
The quay revetments to be removed wherever the width 

of channel is thereby narrowed to 20 feet ; the ghAts, on 
account of their great length, aggregating 695 feet on both 
sides, it is proposed to leave for the present, underpinning 
their foundations as shown in Sheet 22. If  found to interfere 
materially with the tra& hereafter, they can be removed and 
rebuilt a t  a trifling cost ; the section on the remaining portion 
of the earthen channel to be altered as shewn in Sheet 22. 

66. This completes the detail of the proposed remodell- W a t e n ~ a ~  t h r o u g h 

ing on the trunk line. The restricted waterway, 20 feet, ~ ~ p d ~ ~ ~ h " ' ~ n d h ~ ~ ~ ~  
through the bridges at  and near Cawnpore may hereafter be possible. 
found inadequate to the wants of a fully developed traffic ; this 
may, however, be obviated at  any time by removing the 
arches and substituting girder bxidges of greater span, suit- 
able for an enlarged waterway and cattle towing tracks. 

The surface of the eprings, even with a dry Canal, being 
everywhere either at or close below the level of the bed, deep 

L 



, foundations wherever necessary have been projected and 
estimated for on undersunk wells, except in localities where, 
as at  the Roorkee Fall, the water can be carried off by a cut 
into adjoining low ground. 

Towing, it will be observed, has been provided for only on 
one bank ; with a downward current all along the channel, 
haulage upwards only will be necessary. 

Altemtions~Branchea- 67. On the Futtehgurh Branch, the onlv alteration which 
appears necessary to enable it to carry the full supply safely, is 
reduction of the declivity of bed in the first 17 miles from the 
head. 

This may be effscted by raising the crests of the Churialee 
and Akbarpoor Falls 2.6 and 1-68 feet respectively, on which 
might be built masonry weirs (or the bays planked up) to a 
height sufficient to maintain the surface of the water a t  ite 
normal level. 

The Bolundshuhur Branch seems to act eufficiently well as 
an irrigating channel; the Koel Branch, it has been stated 
before, is not yet in existence ; and the Etawah Branch is in 
fair order. 

If the Branch Canals also are to be efficient navigable com- 
munications, alterations similar to those described for the 
trunk line will be required to the bridges generally and 
lockage at  the falls ; the latter was included in the original 
designs for the Futtehgurh Branch, but has hitherto been held 
in abeyance. The detail of ~ u c h  additions and alterations I 
have not had time to go into ; they are therefore not includ- 
ed in the present estimates. 

THE ALTERNATIVE LINE. 
New line into Futteh- 

gurh Branch not recom- 68. The nlaximuni supply which can be safely carried by 
mended, and why. the existing line a t  various points between Roorkee and 

Nanoon Regulator, is shewn in the annexed statement in the 
column of " Actual Capacity." 

This is immediately below the- 

Cubic feet per 1 1 -ode 

Hr6znnggur Falls . . . . . . . . . . .  / 93*d I 1870 

Futtebgurh Branch Had ......... 1 60th I 1790 

Jutpoora Bridge ............... I 80th I 2533 
I 1 ............... M m r i e  Falls I 106th I 2240 

Pulra Falls ................. 1 149th 1 1967 

I t  has been stated before, in para. 37, that two suggestions 
have been made regarding the course of an alternative line, 
one of which is to cross the present channel above Meerut, 
and take up the line of the'Puttehgurh Branch somewhere 



lower down. If this be adopted, and the maximum supply 
(2,533 cubic feet) admitted into the old line there (say near 
Sirdhanna),after taking off the volume of the Bolundshuhur and 
Koel Branches (1,040 cubic ft.) and the expenditure en route 
(493 cubic feet) only 1,033 cubic feet will pass the head of the 
Koel Branch, and the Channel there can carry 1,967 with per- 
fect safety. The discharge below the Mussoorie Falls would, on 
this supposition, be 2,368 cubic ft., while the maximum capacity 
there is but 2,240 cubic feet ; some protection would therefore 
be necessary to the banks there, and below the Koel Branch 
head the irrigation would necessarily suffer from the depres- 
sion of the water surface in the channel. On economical 
grounds, then, I think this pro osition may be considered out 
of the question, and we may ta ! e Sir P. T. Cautley's original 
suggestion as the only course feasible. 

69. It is obvious from the statement given above, and Discharge of alternative' 
tha t  at para. 44, that the existing channel cannot at any linqmd redi8tribation of 
point carry the entire supply of water allotted to i t  in the 8Ypp1y' 
original projection. It is therefore clear that the alternative 
line must run the whole distance from Roorkee to the Cawn- 
pore and Etawah Branch heads. 

Now, the maximum supply which the 
channel immediately below Roorkee can 
carry is about 2,000 cubic feet per second; 
but between Hafiznuggur and Muhmood- 
poor it is only . . . . . . . . . . . . . . . . .  1,189 oubic feet. 

If we add to this the expenditure above . . . . . . . . . . . . . .  HafiznuggurFalls 82.5 ,, 
The maximum admissible a t  Roorkee is 187 1.5 ,, 

Of this 1,240 cubic feet will be abstracted by the Futtehgurh 
Branch, leaving 300 cubic feet for the irrigation wants below. 
The old channel should therefore be supplemented here by 
a feeder from the alternative line ; this, however, is not advi- 
sable on economical grounds, as the channel in this sandy 
tract cannot carry the entire supply required down to Na- 
noon, and a seoond feeder would consequently be a necessity. 

 he first junction hae therefore been projected at the 
highest point, where the soil will admit of a 3 feet velocity 
of current. Above this, the irripstiou must be provided for 
by holding up the water at  each fall. - 

All irrigation above the junction a t  Jutpoora Bridge must 
be supplied from the existing line ; below that, the propor- 
tion allotted to it (8 cubic feet per mile being taken as the  
entire expenditure) is 6 cubic feet per mile, the remaining 
2 cubic feet being distributed from the alternative line. The 
volume to be admitted into the old line at the junction is limited 
by the capacity at the Pulm Falls (with the addition of the 
expenditure en route) to 2,375 cubic feet per second ; and as 
the discharge of the alternative line above, wide Tabular 
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Statement, Appendix B) i u  (6870-1870 =) 5,000 cubic feet; 
and the quantity rerraining in the old channel over and 
above the expenditure below Roorkee is 165 cubic feet; 
the junction must deliver 2,240 cubic feet into the latter, 
leaving 2,760 to be carried on by the alternative line. A s  
the abstraction of the supply for the Bolundsliuliur and Koel 
Branch Heads would reduce the v11111rne of water in tlie ex- 
istirlg channel below its actual capacity, besides affecting 
the irrigation, i t  will be evident that they must be supplied 
from the alternative line. 

The new depth of water below Jutpoora will be about the 
same a s  n t  present, so that the existing irrigation there 
will be unaffected by the changes. 

70. Of the proposed course of the line little explanation a w e  of Alternative 
i s  necessary, beyond that afforded by tlie map (Plan 11). Line. 

Suffice i t  to say, that i t  crosses the West Kalre Nuddee 
above Deobund, passing thence along the watershed (vide 
cross sections, Plan V.) between that river and the 
Hindun, and recrossing close to its juriction with the latter. 
-4t the 61st mile the first bifurcation is situated, the easterly 
branch being the feeder to the old ctlaonel. The heads for 
the Bolur~dshuhur and Keel Branches have been projected 
a t  the actual crossing point of the former, and on the line 
proposed fur the latter. 

f 1. The sections of channel . and declivities of bed have Sections of c h n e l  and 
been determiricd for mean velocities of current, similarly to decfivitiw. 
those in the remodelling of the old line, viz., a.7 for the upper 
portion d o ~ n  to the junction ; 3 feet per second for all below. 
The  soil generally on the upper section isvery similar to 
that on the present line opposite, with the exception of the 
sand hills a t  Toghulpoor and elsewhere. 

The cross sections of the channels are shown in  Plan V I I. 
I n  natural chmnels there is, doubtless, a proportion of depth 
to breadth with which any tendency to abrasion would be equal 
on bed and banks ; there are few observations as yet, however, 
by which t l ~ g  proportion for different velocities of current 
could be accurately determined. On tho Western Jumna 
Canal, the proportion, where the stream appeared to have 
formed a ch;rnnel for itself, was 1 to 13. On the Ganges 
Canal in the sandy tracts it varies from &th to &th and even 
less. I have adopted the last proporrion for the largest 
section, as a greater depth than 10 feet is inconvenient in the 
working of the sluices, lock machinery, &c., kc. 

The  towpaths are maintained a t e  uniform height, generally 
2 feet above the calculated surface of full fiupply. A surf 
berm, 4 feet in width at  the level of full supply, as on some 
Canals in America and elsewhere, is projected for the section 
where navigation will be carried on, on which the growth of 
grass, &c., should be encouraged, to form a protection from the 
wash caused by the passage of boats. 

The navigable communication is proposed to be carried 
along the alternative line from Rosrkee to the Jutpoora junc- 
tion, whence i t  may pass along the old line, the depth of water 
being sufficient, and the headway under the bridges ample, 
except a t  the branch heads, and the bridges at the Pulra and 



Simra locks ; the headway at the former should be but 93. feet 
with a full supply ; 7 feet a t  the latter. 

N o  lockage or towing paths in the alternative line are 
therefore projected below the Junction Branch head. The 
communication with the Futtehgurh Branch will be kept up 
along the old line from Roorkee downwards. Escapes are 
projected from two points :-The first, 1 mile 920 feet in 
length, from the 51st tnile, into the West Kalee Nrrddee 
above the lower crossing ; the second 8 miles long, from 
the 10th mile, immediately above the bifurcation for the 
Bolundshuhur Branch, into a nullah leading into the Jumna. 

No levels have been taken over the actual course of the 
latter;  the estimate is based on a parallel line of levels some 
2 miles to the Northward. 

72. The overfalls, 25 in number, are designed similarly 
to those described for the remodelling (vide Plan X.? Sheets 
26 and 27) ; no locks attached below the Junction Branch 
head. 

73. Two aqueducts are required across the Kalee Nuddee, 
which form a very heavy item in the Estimate. A t  the lower 
crossing especially, the G d t h  and depth of valley (vide 10"- 
gitudinal section. Plan IV.) is very great ; and i t  is necessary 
to keep the bed of the Canal a t  a higb elevation to  avoid 
heavy cutting on the down stream side. The designs for 
these works are given in Sheets 30 and 31. T h e  waterways 
for the river floods have been determined from that of a 
bridge on the Shamlee Road, opposite Moozuffurnupgrrr, which 
has now been standing for many years, I believe, without in- 
jury from the highest known flood. 

The width of the Kalee Nuddee catchment basin is tole- 
rably uniform throughout, and the distances from the head 
of i t  are as  follow :- 

Upper crossing, ~ l t e r n a t i v e  Line ......... 17 milea. 
Mozuffurnuggur Bridge.. ................... 36 ,, 
Lower crossing, Alternative Line ......... 56 ,. 

The aggregate area of waterway section a t  the bridge in 
the highest known flood waa 165 x 10 = 1,650 S. feet 

This gives for the upper crossing a waterway of 
- 11#7=779 .~ S. feet nearly. 

For the lower -= 2567 S. feet nearly. 
And as the depth of the highest known floods are 13 feet 

a t  the former, 13 feet a t  the letter, the widths of watrrwey 
should be 60 feet and 214 feet respectively. 

The declivity of the bed of the river, however, at the 
upper crossitla is 1 in 2291, while at  the lower, where 
there is also an ample backwater from the Hindun in time of 
flood. it is 1 in 3748; ct someshat greater width has therefore 
been given to the former; the waterway (vide Tabuliir State- 
ment) being 2 spans of 40 feet each for the upper, 4 of 50 feet 
each for the lower crossing. The difference of level between 
the bed of the river and the Canal channel i.c, in the former 
eaae 22.4 feet. in the latter 34-17 feet. 

The width of waterway above for the Canal in both is iden- 
tical, viz, 190 feet (equal to the mran width of the earthen 



channel) divided into two channels each 95 feetwide hv a wnll 
5 feet thick; roadway on the right bank 12 feet wide, on the 
left 5 feet. 

Abutments, piers and waterwings on well fo~rndations sunk 
12 feet below the bed of the river ; a flooring of kunkur blocks 
3 feet thick under the arches, and on the bed for a width of 
20 feet up and down stream ; the abutments, backed with pud- 
dled clay, and side slopes of the Canal chailnel, adjoining the 
wing walls, pitched with kunkur blocks ; clay well puddled 
to  be laid over the entire flooring under the brick on 
edge. 

Along the centre of the embankments leading to the 
aqueducts on both sides, walls to be built of rubble masonry, 
(as shewn in Plan VII), 2 feet in thickness, level with the 
surface of full supply in the Canal a t  top, their foundations 
being laid one foot below the ground line. The Canal bed 
here not to be made up uniformly to the true level, a hollow 
to  be left in the centre all the way along 20 feet narrower 
than the bottom width of the bed, divided a t  intervals of 100 
feet by cross bars 10 feet wide a t  top ; these spaces are left 
to  be silted up after the admission of the water. The walls 
in the centre of the side banks are intended to  prevent all 
risk of injury frorn the encroachments o f  rats or other vermin. 
A long embanknlent on the Baree Doab Cal~al, constructed 
and protected in this way, has trad the mirter passing over it 
for some years, without giving the slightest trouble beyond 
the few repair8 necessitated by the settlenlent of the earth 

74. The Regillator a t  lioorkee is ahewn in Sheet 23. Rtmrkee Regttlator md 
The angle of divergence is projected at 45.. Branch he&. 

The bridge acroas the alternative liue to  have an Rggre- 
gate waterway of 184 feet divided into 8 bays of 23 feet each 
by piers 3 feet in thickness ; on the old channel, 7 similarbays 
giving a waterway of 161 feet. For regulating purposes ' 

each bay to be divided illto 3 parts by short pipes 2.5 feet 
thick, entending up stream to a length of 5 feet from 
the bridge bead wall, across which mill be thrown light 
arches to form a pathway on which tlie lifting machinery 
may be worked. The width of the sluice gates will thus be 6 
feet. The object of placing the regulating apparatus thus clear 
of the bridge is to allow the boiling and eddying, which al- 
ways is found more or less under such circumlstances, to be 
partially deadened in the wide bays under the bridge arches 
befbre issuing into the earthen channel below. 

The difference of level betweeu the water surface a t  full ; 
supply, up and down stroam being. in the old line 8.8 feet, in  
the alterrlative 2.8 feet, masonry weirs are projected across the 
flooring of ttotlr Regulators close to the sluice grooves of a 
height sufficient to r~laintain the surface of the water up stream 
a t  i ts normal level. Lock chambers are designed, similar to 
those at the overfalls, on the left and right bank in the old 
and alternative lilres respectively. 

The flooring under the bridges t o  be depressed 2 feet 
be1 JW the bed level, and extended to a length of 100 feet below 
tlie down stream head wall, terminating in a curtain ten feet in 
depth ; a talus of boulders 10 feet in width, 2 feet thick, 
to be added for further protection. 



A drainage cut. leading into the adjoining valley of tile 
Solanee has been estimated for to carry off the spring water 
when l a y i ~ ~ g  the found. r~ t' lons. 

At  all the bifurcations the Regulating Bridges have been 
placed as close as possible to the points of divergence, the  
actual position being determined by the width necessary 
for the bridge approaches between the branches, and the 
curve in tlie channel leading to  the entrances of the locks. 

The aggregate waterway under the bridge arches, is, in 
every case, equal, or nearly so, to  the mean width of water 
section a t  full supply in the channel below. 

The sluice arrangements are identical in all. 
At  the Junctioli Branch Head, 61st mile, a drop occurs in 

the bed. Overfalls are designed a t  the heads of both 
Branches in lieu of one descent immediately above the point 
of divergence, for regulatinw purposes; in the latter case, 
dam bridges, with numerous piers and narrow openings, would 
have bee11 necessary in place of the wide arched bridges below 
the falls as now projected (vide Sheet 24.) 

The depth of fall would also be restricted to that required 
for the junction line, 3-26 feet, necessitating an additional 
fall lower down on the alternative line. 

Lockage into tho junction branch ie provided for on the 
left bank of the regulating bridge. 

The bridges at  the extremities of the tail basins are of ex- 
aotly similar design to those constructed elsewhere on the line 
for purposes of cross communication only; t o w ~ a t b s  7 
feet in nitlth and a clear headway of 10 feet are provided 
for on the junction. Ou the other sidc, the aggregate span of 
the bridge is equal to tlie mean width of the water section 
in the channel below, the arches being sprung from the level 
of the full supply in t h e  Canal. 

At the Bolundshubur and Roe1 Branch Heads the f d  
is placed above the bifurcation, no navigable communi- 
cation being necessary, arid consequently the height of the 
arches of rhe dam bridges less. In  the former case an escape 
head is projected O I I  the right bank, between the fall and 
the regulators, the effects of the rush of the water through 
which will be in grt.iit measure neutraliaed by the wide basin 
forming the Canal channel above. 

Navigttble communication with these branches has not 
been provided for ; if found desirable liereafter, cross channels 
may be cut at  a small expense t o  connect them with tlie old 
trunk line. 

Ewnpe Ileads. 75. A t  the 51st mile, the upper escape into the Kalee Nuddee 
diverges. Here the w o ~ k s  (vide Sheet 25) cons~st of a 
fall, 6 feet in deptb, with a dam bridge below, the escape head 
being placed between the  two on the left bank ; the posi- 
tion of the overfill in this m e  being determined by the 
expediency of diminishing the height of drop a t  tbe tail 
of the escape as much as possible. The escape head itself 
is designed similarly to  the regulator at Koorkee ; arches of 
bridge 23 feet span, sluice openings 6 feet each in  width, 
the aggregate waterway through the latter being 90 feet. 



The second escape head from above the Bolundshuhur 
Branch bifurcation has a waterway of 60 feet in openings of 
similar width. 

Overfalls a t  the extremity of each escape are designed, as 
shewn in Sheet 29 ; the drop there on the upper escape being 
27 feet, on the lower 27.83 feet ; gratings and cisterns below 
the lower bed as for the Canill overfalls; deep foundations 
on wells. The height of fall may be thought hazardous ; 
one, however, of somewhat similar design, 17 feet in depth, 
on one of the Baree Uoab Canal Escapes, has now been 
in existence for some years, and has always acted very 
satisfactorily. I n  fact, where the height of drop is consi- 
derable, the water falls almost vertically, so that i t  is only 
necessary to provide against violent action immediately a t  
the foot of the fall which, with a sufficient depth of back- 
water, is not a difficult matter. 

The drop wall should be carefully backed with puddle, as 
shewn ; and the cistern floor, if stone be not procurable a t  
moderate cost, with brick on end of the very best work- 
manship and material. 

Bridges for cross communication are provided on the lower 
escape ; one for the East Indian Railway. 
76. The general designs for the bridges on the alterna- Bridges. 

tive line are given in  Sheets 32, 33, and 34. I n  the upper 
section, navigation is provided for by a clear headway of 10 
feet above the level of full supply, and towpaths under 
the arches 7 feet wide on either bank. The aggregate width 
of waterway is projected equal to that of the water section 
in  the earthen channel; arches below the junction branch 
head sprung from calculated surface level of full supply. 

 he widths of roadway between the parapets have been 
determined as in Sir P. T. Cautley's original design, viz. :- 

For the main lines of road . . . . . . . . . . . .  25 feet. 
District roads regularly lined out and con- 

structed . . . . . . . . . . . . . . . . . . . . .  20 ,, 
Village communications ............ 18 ,, 

Invert arches, to form the floorin,os between arches, sprung 
from the level of the bed ; foundations of waterwings and 
cilrtains laid from 6 to 8 feet below the bed level. With the 
reduced velocity a boulder or kunkr~r  talus will hardly 
be necessary. Under the metalling of the bridge above, a 
layer of brick on edge, or kunkur masonry of similar thick- 
ness, to be laid from end to end between the kerbs. 
' 77. For  the passage of the minor country drainages, cnl- Drrinage Culvertr. 

verts under the channel are designed as shewn in Sheets 35, 
36, 37, and 38. 

The  admission of drainage water into irrigation channels 
should never, I think, be allowed unless it be impossible to 
dispose of i t  otherwise. Only one instance where this is 
unavoidable occurs on the alternative line, at the 16th. mile, 
for which an inlet of 10 feet waterway is designed. The  
waterway for the culvert to carry off the floods of the Seela 
Nullah, mile 8, has been determined from that of an ex- 
isting bridge over it, close to the crossing point of the 
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Canal. The proper waterways for the others i t  is difficult to 
fix accurately, from the utter impossibility of ascertaining in 
so limited a time the quantity of water to be provided for at 
each drainage line. They have been approximated to as 
nearly as the data procurable wculd admit ; but this, I confess, 
is the most unsatisfactory part of the entire project. 

RaSbuh. Lnleta 78, Inlets and outlets have been provided for all 
Outlets. rajbuhas or main watercourses, a t  or near their present 

crossing points ; the general design ie shewn in Sheet 37. 
Chokies. 79. Accommodation for chokeedars, or watchmen, and 

store room for sluice gear, kc., has been provided a t  each fall 
or dam bridge. The general design for these buildings is 
shewn in Sheet 38. The arched masonry roof, in lieu of a 
flat one supported by wooden rafters, will, i t  is considered, 
be more economical in the end, from its superior durability; 
and the estimated cost is little greater than that of similar 
structures on the old plan. 

First class Chokies on the standard plan of those on the 
Ganges Canal have been estimated for, a t  intervals of 1 2  
miles on the upper section (or first 61 miles) only. ,Two se- 
cond class Chokies between each. Below the junction branch 
head the line will run so close to the present main channel 
that separate first class accommodat~ion seems unuecessary ; 
second class chokies only have accordingly been estimated 
for, a t  intervals of about 5 miles. 

Well Foundations. 8 .  Metalling has been estimated for on all bridges, and 
for a certain length of the approaches on eirher side. 

The deep foundations of all works from the 123rd mile 
downwards have been projected on ur~dersunk wells, and 
estimated accordingly ; the longitudinal section shews that the 
surface of the springs all along this portion of the line stands 
either at, or close to, the proposed level of the bed. 

Sixty-seven bridges, including those a t  falls and branch 
heads, have been estimated for, giving crossing points at 
average intervals of 24 miles on the entire distance, 165 
miles, from Roorkee to Nanoon. 

No ghAts, either in connection with, or  separated from the 
works, have been estimated for. 

Here the descriptive detail of the alternative line closes ; 
with the aid of the plans and the tabular statements in  a p  
pendix B., I trust i t  will be sufficiently intelligible. 

Alterations to main line 81. I f  t.be alternative line be adopted, the following addi- 
if dkrn@tireline bedopt- tions and repairs will be necessary to the adjoining portions d. 

of the existing line, and have been estimated accordingly. 
Bars of earth to be thrown across the present bed at in- 

tervals of 600 feet, wherever deep channelling has taken 
place; the top of each flush with the original level of bed, and 
10 feet in width; the spaces between these being left to silt 
up gradually by the deposit of sediment from the Canal 
water. 

The towpath on the left bank, from Roorkee to the Futteh- 
gurh Branch head, and again from Jutpoora Bridge to the  
head of the Cawnpore and Etawah branches, 131 milea in all, 



to be thoroughly repaired ; and to be cut down, wherever the 
height is excessive, to a uniform level above the bed. 

A t  the overfallu, a drop wall to be built, as described for the 
remodelling, the entire width of the bays, on the present 
ogees, under the down stream head wall of the bridge ; bridge 
piers to be lengthened,and new piers constructed similarly for 
the support of gratings of o length suitable to  the reduced 
depth of water. The lower floorings to be removed to a 
depth of four feet for a length of 40 feet below the new drop 
walls, thus forn~ing a cistern below the level of tha bed ; with 
the reduced rolume of water falling into this cistern, i t  will be 
sufficient protection to  cover the flooring with a layer of brick 
on end. 

At the Futtehgurh Branch head, the bay on the eastern 
bank of the Futtehgurh Branch to be left free for the passage 
of boats ; iron grooved uprights and wooden sluice gates t o  
be attached to the other arches as designed for the remodel- 
ling, the closure when necessary of the cistern bay being 
effected by an iron drop gate. 

T o  the regulating bridge on the main channel no additions 
appear necessary. When the Futtehgurh Brunch is taking off 
its full supply, i t  will be necessary to shut up several of the 
openings in the main line regulator entirely, for which the 
present sluice apparatus will answer. 

Under the left arches of all the bridges from Roorkee 
to the Futtehgurh Branch head and from the Jutpoora Bridge 
to Nanoon, 40 in all, towpaths will be required 7 feet in 
width. Alterations a t  the Cawnpore and Etawah Branch 
heads, the same as for remodelling. 

SEPARATE' NAVIGABLE LINE. 
82. The  main lines of artificial irrigation channels in Course of line, a d  how 

flat countries are, as  a rule, and for obvious reasons, carried 
along the several watersheds, independently of the positions 
of towns and villages ; and this is also the most economical 
course, both as regards cost of construction and aftec-main- 
tenance, the interference with the flow of the natural drain- 
age being the least possible. When, however, the object is 
solely navigable communication, a Canal would, it is mani- 
fest, lose much of its value were it not brought close to the 
large markets. The actual course of the proposed navi- 
gable channel from Roorkee to the head of the Cawnpore 
and Etawah Branches has therefore been determined by 
the position of the larger towns situated in the general di- 
rection, wherever the levels of the ground in their vicinity 
would allow of carrying the bed either horizontally or on a 
continually descending slope. This of course raises the cost 
materially, as they, in common with all towns of any magni- 
tude, are invariably situated close to the drainage outfalls, 
where water either flows or collects in considerable quantity 
a t  some season of the year. 

The line of levels on which the estimate is based (vide Plan 
I V,) is identical with that of the alternative channel from Roor- 
kee to the watershed between the Hindun and West Halee 
Nuddee at the 17th mile, whence i t  diverges to the westward 



of Deabund, passing close to the town ; thence it runs i n  nearly 
a direct line to Mozuffurnnpgur, crossing the West Kalee Nud- 
dee about 3 miles above the town ; it joins the Ganges Canal a 
little above the Kutowlee Bridge, whence it issues a few hun- 
dred feet lower down ; and taking a slightly circuitous route 
parallel to the Canal for some miles, to avoid the drainage into 
the Aboo Nullah, reaches the city of Meerut ; from this it 
passes along a watershed down to Haupper, aud about 5 miles 
further on crosses the Choya Nullah, a large feeder of the East 
Kalee Nuddee ; a little in advance of this the line reaches the I 

central watershed of the Doab, and, assing close to the west- I 

ward of Bolundshuhur, rejoins the 8anges Canal close to the 
Grand Trunk Road Bridge ; from this i t  turns off to the tom 

I 

of Khoorja, where i t  agaln meets the proposed course of the 
alternative line, from which it finally diverges at  the 138th 
mile, inclining to the westward to reach the town of Koel, from 
which it passes in a direct line to its junction with the Canal 
above the Nanoon Regulator. 

section Of 83. The dimensions of the water section of channel, and the declivity. 
waterways of bridges and locks, have been fixed at the mini- 
mum which I believe to be absolutely necessary for boats pm- 
pelled by cattle haulage, which, I have before stated (para. 41), 
seems to me best adapted to the habits of the people. It has, 
however, the advantage, in comparing the cost with that 
required to give efficient navigable colnmunication along irriga- 
tion lines, of showing the smallest outlay at  which it is possible 
to construct a separate channel for the navigation only. On 
the main lines of the Ganges Canal, the width and depth of I 

water, i t  must be borne in mind, will admit of the passage of I 

small steamers. In the annexed Statement are embodied i 
certain details of Canals in different comtries, from which 
may be gathered the dimensions considered necessary 
for various kinds of craft. 



Tabular Statement showing certain details of varabus Canak. 

COUNTBY. 

America ... 
Ditto ... 
Ditto .,. 
Ditto , 

... ... Ditto 
Ditto 

... Ditto 

Ditto ... ... Ditto ... Ditto 
Ditto . ... Ditto 

Ditto ... 
France ... 
England ... 

... o Scotland 
India ... 

NAMES. 

Cheeapeake and Ohio ... 
Welland ... 
Ditto ... 
Ditto ... 

... ... Ditto 
Ditto 

Ditto . . .  
St Lawrence ... 
Ditto ... 
Ditto ... 
Erie Canal ... 
Morris Canal, New Jereey.. . 
Pennsylvania ... 
North-Western Dietricte ... 
General Sectione ... 
Ditto ... 
Forth and Clyde ... ... Madras Coaat Canal 

9 
 REMARK^ 

4 8 
68 ... 
... 

... 70 

... 

... 
140 
48 
60 
32 

... 

... 
40 

40 
... 

6 
8 . ... 
... 8J 
9'6 

9 
10 
6 
7 
4 

... 
5 to 7 
... 
... 

9 ... 

J 

102 
110 
130 
130 

110 
180 

150 

200 
200 
100 ... ... 
... 
100 ... 
... 
68 ... 

w 

14 
22 
32 
24 

24 
45 

26'5 

45 
55 
20 
... 
... 
... 
18 
7 

{ 1 
15 
20 

Recommended by Board of Engineers in 1826. 

Below St. Catherine'e. 
A t  Port Colborne on From Report of 

1831, by Lieut. Col. 
For Schooner Tra5c. Philpotta, R. E. 
,, Steamers. 

For  propellere of from Lieut. Haig's 
Notes.) 

For Steamere, (ditto.) 
Will paas Steamers 180 feet x 52 feet Lieut. Col. Philpotts. 
Not wide enough for large Steamera. 1 
Boata 8.5 feet broad, 60 to 80 feet long, from 25 to 30 ton8 

burthen. 
Boats 12 to 15 feet broad, 80 feet long; when loaded with full 

number of passengers draw 1 foot of water. 
Haulage by horses. Boats from 500 to 200 tone. 
Boata 30 to 35 tone. 

) Ditto 60 to 120 tone. 
Screw Steamer navigates throughout. 

- 
D P  
w 

u 



Lucks. 

Aqueducts. 

The section here estimated for is 20 feet wide a t  bottom 
with side slopes of 1 in 2, and depth of water of 5 feet, giving 
a total width at  the water line of 40 feet. 

The declivity of bed, 1 in 12,000, is calculated to give 
a mean velocity of current in the channel of 1.5 feet per 
second (or about 1 mile per bour), the least, as far as can 
be ascertained at  present (vide Appendix D) which will pre- 
vent the growth of weeds ; it appears to be also, from the 
experience on the Madras Canals, (vide Report by Sir A. 
Cotton dated 16th June 1852, and elsewhere,) the maximum 
for economical navigation. 

The general form of banks is shown in Plan VII. The 
towpaths 1.5 feet above the surface of full supply, 20 feet 
in width, to afford space for the passage of wheeled vehicles 
all along the line. 

The depth of water will doubtless, be diminished mate- 
rially at certait~ pointa by absorption and evaporation; no 
feeders from the main Canal, however, appear necessary ; the 
requisite supply can always be obtained from some of the 
numerous rajbuhas which i~itersect the line from Mozuffur- 
nuggur downwards. 

84. The general design of the locks, 30 in number, is 
given in Sheet 39 Plan X. They are projected in two 
chambers, each 16 feet in width, with a clear length of 100 
feet ; a bridge carried across both chambers below the lower 
gates with a clear headway under the arches of 10 feet ; the 
width of roadway determined as for ordinary bridges. The 
gates of iron with sluices in each leaf; opening and closing 
effected by chains passing under pulleys in the side walls 
and worked by crabs from above. Inlet and outlet pas- 
sages of masonry provided round each set of gates on the 
land side. The detail of the masonry work is almost iden- 
tical with that of the present Ganges Canal Locks. 

The depth of drop is in general 6 feet, but ranges from 
281 to 12 feet. 

The design for locks at .the departure from and junction 
with the Canal are shewn in Sheet 39. 

85. Three aqueducts are required; two over the West 
Kalee h'uddee, the third over the Choya Nullah above 
Bolundshuhur; the general design is given in Sheet 
42. The waterways for the floods of the rivers are deter- 
mined as for the alternative line ; the flood discharge to be 
provided for at the crossing of the Choya being estimated 
by a comparison with the actl~al waterway of the bridge 
across the East Kalee Nuddee at  Bolundchuhur ; the water- 
way of the bridge on the Grand Trunk Road, which crosses 
close to the line of levels, would have given a more accurate 
basis for the calculation ; the actual dimensions were not, 
however, pleocurable at  the time. 

The width for the Canal chsnnel is 30 feet in the clear 
with towpaths 5 feet wide on one side, 10 feet on the other, 
the additional width on the latter being given to admit of 
tbe passage of wheeled vehicles. 

The foundations of piers, abutments and waterwings to be 
on wells sunk 12 feet below the beds of the nullahs, kunkur 



flooring under the arches, and the details of the masonry 
work similar to those of the alternative line aqueducts. 

Masonry walls in the centre of the embankments leading 
to these aqueducts, to prevent the encroachments of vermin, 
are not included in the estimate : the risk of injury, with so 
small a depth of water, does not appear to me suficiently 
great to justify the extra expense ; oores of sand in a similar 
position filled in as the banks ate made up would, I think, 
answer every purpose ; leakage need not be apprehended , 
except in soils saturated with " reh" or other deliquescent 
salts. 

86. Culverts and syphons for the passage under the D r a i n ~ e  Culve*~~ 

Canal of the country drainage will be similar to those on the 
alternative line, the only difference being in length of arch- 
ways, which is here invariably 89 feet. The tabular state- 
ment shews the several positions and waterways of these 
works. 

Syphons for the passage of the various rajbuhas or main irri- 
gation water-courses under the Canal are estimated for ; the 
general design is shewn in Sheet 43. Cross communication is 
providedat 87 points along the entire distance-164 miles- 
giving one passage a t  an average interval of about 2 miles : 
on the alternative line the interval was about 24 miles, the 
difference being owing to the latter passing a t  some distance 
from almost all the more crowded thoroughfares : 28 of these 
are provided for at  locks, the remaining 59 by bridges, the 
general plan of which is figured on Sheet 41. The headway 
under the arches is 10 feet ; towpaths 6 feet in width on 
each side, width of waterway 22 feet, thus making the span 
of the arch 34  feet over all. Depth of curtain and water- 
wing foundations 6 feet in general. The details of floorings, 
roadways, &c., identical with those on the alternative line. 

87. Store-rooms or chokies as before described are esti- Chokiea. 
mated for each lock and point of junction with, or departure 
from, the Main Canal. 
88. From the 110th mile downwards the deep foundations WeU Foundations. 

of all works in the channel are estimated on wells sunk 8 
feet below the bed level, water lying close to the surface 
everywhere. 
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Stone Grooves 
1st Class Chokies, Ganges Canal pattern 
2nd do. do. 
Sal Kumes, 10 feet long 

Puddled clay backing 
Removing old boulders or knnkm flooring 
Demolition of brickwork 
Piling, 12 feet long, including driving 

Cast iron uprights, grooved * 
do. Grooves (0.5 feet wide) 

Windlasseq 6.5 feet long 
DO. eo do. 

Iron drop gates 
Wooden do. (width, 6 to 7 feet) 
Lifting Chains, small 

Do. large 
Axle Blocks, large 

Do. small 

sl"r' BOO for lifting sleepers 

L ft. 
each. 

91 I Cub; ft. 
100 1 1000 
100 
L feet. 

Lock Qatee, Iron 
Sluicee in gates 
Crabe 
Pulleye 
Chains 

Iron girdern (1 1.5 to 15 ft. long, 7 to 9 feet apart) 4-25 
Iron grating bere ... 0,876 
Wooden do. do., 29.0 x 0.6 x 0.5 ... 21-75 
Wall platen, iron, oomplete ... 6.25 

L ft. 
9 )  

each. 

L. FL 
93 

each. 

~ubi :  f t  
each. 

sq. ft. 
each 

1s 

L ft. 

ekh. 
L, ft. 

b 



Stone. 

RATES, MATERIALS, kc. 
Rate3 how obtained. 89. The annexed table shews'the rates on which the esti- 

mates generally have been calculated. They have been fixed 
by a comparison of the actual rates of work now obtaining 
In the several Canal divisions, or, where the descrirttion of 
work had not been previously executed there, from the most 
reliable sources. 

90. Bricks must still be our mainstay in the construction 
of masonry work*, for, notwithstanding all t l ~ a t  has been said 
and written about the sandstone of the Sewalik Hills, in the  
neighbourhood of Hurdwar, all the information we have 
hitherto been able to glean both a s  regards quantity and 
quality as well as cost, is very unsatisfactory. ' r l r c a  officer 
appointed to search for it, Mr. J. Kelly, wae unable to com- 
mence operations before the beginning of last .April when 
but  three months remained till the setting in of the rains, 
during which. from the deadly nature of the climnte, no 
Europearl or native can, without risking his life, continue 
in the neighbourhood. His researches, however, prosecuted 
vigorously for the time they lssted, have only cLmfirrned the 
general correctnms of Sir P. T. Cautley's views. Ss~~ds tone  
of sufficientlv good quality is to  be found but small 
seams here and there a t  considerable intervals ; good 
stone close to the surface, the quality det ~riorating as 
the quarrying perlotrates into the hill side ; and as to cost, 
it was found that blocks of sufficient size and weight for 
our purposes could not be turned out, hammer dressed, and 
'loaded ip  boat^, for less than 14 annas to  one rupee per cubic 
foot. If to  this be added the cost of carriage to the works, 
8 annas (or 0.5 rupee) per 100 cubic feet per mile by carts, 
or 5 annas (0.31 rupee) bv boat down the Can44 and setting, 
I do not think i t  can be safely rated in the work a t  less than 
Ha. a per cubic foot. The Delhi mndstitne, liitterly used 
for repairs to the fall flooril~gs, does not cost less /at2 into the 
work than Rs. 3 per cubic foot ; and this iri c,rses where 
the distance of carriage is 70 miles, 18 of which is by carts, 
the remaining 52 by boats up the Canal. These rates might 
certainly be improved on were quarrying operations carried 
out on a large scale ; but even were the rates of the Hurdwar 
stone to come down so low as one rupee per cubic foot laid 
into the work, the cost of the limited extent of -tone covering 
estimated for the Mubmoodpoor Fall flooring would equal that 
of a grating only ; and with the latter protection, and a cistern 
below the fall, it has been strewn above that gooci brick cover- 
ing haa been f o u ~ ~ d  to last well undrr similar circumstances 
elsewhere. Now, as first rate brick on edge (or on end) 
facing can be executed for Rs. 25 per 100 cubic fret (or f 
rupee per cubic foot), it appears to me that the substitution 
for it of stone, except under very pec~iliar circumstances, to 
ensure a greater degree of ?afety, would be an unjuatifinble ex- 
pense. The only positions, therefore, for which i t  has been es- 
timared in these projects are the tops of cistern walls, &c., and 
the floorings immediately under the gratings in the present 
overtalls, mliere the formation of a cistern below the level of 
the bed appears impracticable. The cost of such a covering 
a t  the Muhmoodpoor and similar fails, upwards of Rs. 



16,000 for edh,  forms, it will be seen from the @timate, a 
very larga proportion of the total outlay. 

9 .  A11 the rates of these estimates are somewhat in 
excess of those at which work is now executed on the Canal. 
Plain brickwork costs from Rs. 16 to 18 per 100 cubic 
feet. The rate for this in the estimate is Re. 20. On the 
alternative line, a slight advance on existing prices may ba 
expected on account of the large demand for materials ; and 
if the remodelling of the present Canal be adopted, the excesd 
will be neceswdry to cover the cost of pumping in laying 
foundations. 

These rates are much in excess of those obtained in the 
original construction of the ('anal (except in the works from 
Hafiznuggur upwards). Referring to the Ganges Canal Re- 
port, Vol. II., pages 179-183, the average rates of building 
were, at Muhrnoodpoor Falls- 

R. A. P. 
Masonry Bs. ... 12 10 6 per 100 c. feet. 
Plaster ,, ... 4 1 4 2  ,, .,3 

Nirgajnee (or Bailra) Falls- 
Masonry, including plaster RM. 13 4 4 ,, 9 ,  

Jaolee Falls- 
Masonry Rs.12 7 8 ,, 9 , 
Plaster ... 4 0 4 ,, 9) 

.NOW; although, as is stated there, old bricks, from some 
r u i n s  in the vicinity were used to a certain extent ir, the 
works, these rates are less than really good brickwork can 
possibly be constructed at, and the consequence ia manifest 
in  the inferiority of materials and workmanship. 

A t  Hafiznuggur Palls, the rate for maaonry was Ra 
17-3-11 per 100 cubic feet, and at the Puttree Works, 
@age 87)- 

Masonry (plain) Rupees 16 13 8 per 100 C..Feet. 
Archwork ,, a3 15 1 ,, PI 

The rate for arches over 30 feet in span, Rs. 32.0 per 
100 cuhic feet, including centrings, is based on that for brick 
on edge, Ks. 25 per 100 cubic feet, the addition for the ten- 
trings being obtained from the cost of bridges above Koorkee, 
where the same wooden centrings were used for several arcl~es. 
The construction of the Punjab Railway, the route of which 
is traced on Plans I and 11, will not, I think, materially, if a t  
all, aff'ect the rates of labour or materials ; there are no ma- 
sonry worke of any magnitude along the line, and the 
eartl~work is nowhere heavy. In the districts affected by the 
East Indian Railway opposite Delhi, I found by enquiry on 
the spot that the rate of coolie hire and excavating rose 
during the construction of the very heavy railway embank- 
ments across the vallies of the Hindun and Jumna rivers, 
but fell again immediately on their completion, and at the 
date ot rny enquiries it was at its usual figure. In fact, a 
permanent rise in the price of labor can only follow a general 
increase of wealth and prosperity in the country ; the con- 
struction of I he largest public works can only affect it locally 
and>temporarily. . . 
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the valley of  be Sut l j ,  aome U) miles diarirnt, which - 
now t worn through in very few p h c q  though till rri& 
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ljortion of tbe nriuonry in these projects, except heavy -, 
h a  eccordin Iy beem estimated at kankur rates wherever the f utaterial i. noun ta exist; the ratea are based on &me 
trc%ually obtaining on the Canal Worlrs, with an addition to 
cover the price which wi l l  probably have to be p.id 



to the owners of the land in which the material may be found, 
the demand of late years having given it a value it did not 
formerly possess. 

94. Timber of all descriptions has risen greatly in Wood rnd Iron-work. 
price, owing to the heavy demand for railways and other 
large public works throughout the country. The rates for 
iron and framed wood work are those at  which the Roorkee 
Workshops can now supply them. 

95. I n  Appendix G. will be found a statement of the P ~ n t a g e  for Contin- 
genclea and Establish- total outlay on the Ganges Canal from the commencement ,nL 

up to 30th April 1863, divided into two periods, before and 
after the 1st August 1854, the date of the introduction of 
the Central Office system of Accounts. The Canal was formal- 
ly opened three months previously, in April 1854, so that the 
expenditure shewn for the h t  period may be taken without 
much error as that incurred before the commencement of 
irrigation. The percentage of establishment on the total 
outlay, including contingencies, during that period was 9.9 
(say 10) per cent. On the Baree Doab Canal Works in the 
Punjab it was 10.6 per cent. I n  present estimates I have 
taken it at  7 per cent, as the new works lie either on existing 
l i e s  or in the Canal districts where the services of tbe pre- 
sent establishment will be available to a certain extent. 
The allowance for contingencies, rated on the estimated cost 
of the works, 6 per cent for remodelling existing lines, is 
intended to cover all expenditure on such items as conser- 
vancy arrangements, Office contingencies, temporary ~helter  
for work-people, tools, &c., and possible excess of cost from 
unforesen circumstances; with tbe addition on the alternative 
and separate navigable lines, of compensation for trees, wells, 
&c., taken up with the land, and "survey and lining out," 
where it is increased to 8 per cent. The last item has been 
taken from results on the Baree Doab Canal Works, (where it 
wm about 10 per cent) allowing for difference in labor rates, 
as I do not know the exact nature of the charges included in ' 
the Ganges Canal Statement under the heads 'L Sundries" and 

Contingencies." 

96. I have stated above in para. 9 1  that the rate for -ping or baling. 

masonry in remodelling the existing lines has been taken 
somewhat in excess to cover the cost of pumping in the con- 
etruction of foundations below the bed where springs will in 
every case be more or less troublesome. From notes made 
by Lieutenant Forbes, R. E., Executive Engineer of the 
Northern Division, Ganges Canal, when repairing the floor- 
in@ of the present overfalls, where the surface of the springs 
is above the bed level, the cost of baling averaged Rs. 3 
per 100 cubic feet of masonry laid in. The estimated rate 
for all the masonry work in the remodelling project is about 
Rs. 1+ per 100 cubic feet in. excess, which will, I believe, be 
ample to cover all oxpenses in this item. 

P 



COMPARISON OF PROJECTS AND TOTAL COST. I 
Advantngea and diend- 97. The advantages of a duplicate line below Roorkee 

rantsgea of alb-tive are thus summarized in the Memo. of the Committee (Appen- 
project, dix-A.) "First, the facility of construction, and of forming 

a reliable estimate of cost and time of construction ; and 
second, the very great convenience that may be anticipated 
from the possession of a duplicate line of main channel 
throughout so great a distance, which would admit of a 
supply of considerable amount being sent down to the lower 
parts of the canal, while either of the alternative main lines 
was closed for repairs." Sir P. T. Cautley in his Memo. (uide 
same Appendix) adds another, uiz., '' dealing with more manage- 
able masses of water.'' 

The disadvantages are stated to be, that the alternative 
line "in part, at least, must probably be regarded as not avail- 
able as an irrigation channel, inasmuch as the supply of 
water is hardly sufficient for the works already designed and 
in course of completion in the lower Districts of the Doab ; 
that it involves the passage of the drainage of large rueas 
of the Doab" ; and-" further, although the works will be 
less difficult, they will in absolute quantity be heavier, and 
require more material, the material again requiring land 
carriage to a greater extent than would be the case on the 
open canal." To these are added the waste fiom absorp- 
tion and evaporation (which would be nearly double that in 
a single channel) and the largely increased expense of sub- 
aequent repair and maintenance, including establiskments. 

The absolute necessity of maintaining uninterruptedly the 
present volume of water to supply existing irrigation, unless 
there be very cogent reasons to the contrary, is assumed by all. 

The present channel can, by carefid watching and timely 
repair, be made to carry this supply until the completion 
of the duplicate line ; but the latter, it must be borne in mind, 

. mill only relieve the present line below Roorkee. I t  has been 
shewn above that extensive alterations are required in the 
channel above that point, where there is no possibility of 
making a supplementary line ; a regulating bridge must 
also be constructed across the present cliannel at Roorkee, 
at the proposed bifurcatiou of the duplicate line Now the 
alterations to the channel and works above Roorkce must be 
effected with a dry canal, as it would be econon~ically, if not 
physically, impracticable to divert tlie canal supply even 
temporarily round such works as the superpassages at the 
Puttree and Ranipoor and the Escape Dnln at the Rutmoo : 
even at Roorkee, this would be no easy matter, hemmed in as 
the canal is, by buildings, &c., on either side, and in such close 
proximity to the edge of the high bank of the Ganges valley. 

The new works and alterations in remodelling tlie line 
below Roorkee, at least so much of them as lie below the 
full supply level, may, I think, be completed, if materials, &c., 
be ready on the spot, in very nearly the same time as those 
in the Ganges valley. In  this poiut of view then there does 
not appear to be much in favor of the duplicate line. The 
foundations of the works in the latter liowever would, with 
the exception of the aqueducts, be laid on a dry subsoil for 
the &st 121  miles, below which the section shews springs 



close to the surface, and wells must be undersunk for all 
deep foundations on the last 44 miles to Nanoon. 

The aqueducts and embankments across the Kalee Nud- 
deed valley are necessarily large and massive, and judging 
from tlie experience on other similar wcjrks, could hardly be 
completed under four or possibly five years. The syplions and 
culverts for the passage of the niinor country drainages may 
hereafter prove insufficient, as it is impossible to foresee 
how much additional duty may be tlirown on them when , 
the subsoil has become fully saturated by constant irriga- 
tion. 

98. The volume to be dealt with docs not appear to me to Effeate of di-iision of 
&ect the question niuch if the velocity in the eartllen chan- "PP'~. 
nel be reduced to a safe limit, and the form and depth of the 
overfalls be such as toprevent too violent action on the masonry; 
whilk at the same time confining the irregular action withiu 
the limits of the walls or other protective works. If the 
existing line be remodelled so as to effect this, (and there is 
no reason against it except difficulty of execution) the tri- 
fling repairs which might be necessary could be made by 
shutting the canal for a few days or a week or two at far- 
thest; nor would this, I believe, be required except at long 
intervals. 

The additional loss by absorption and evaporation is, I 
think, a weighty argument against any division of the sup- 
ply in the trunk line. Though tlie total wastage will event- 
ually, when the soil becomes fully saturated, be a fraction 
of what it appears to be now, absorption there must always 
be to some extent, and the evaporation is of course constant. 
Data are not in existence for the exact determination of 
either, but the proposed division of the supply would at  least 
double it, whatever the amount may be. 

99. For the upper 60 miles of its course the alternative Alternative line non7 
line would be useless as an irrigating channel, no water being higatlog for Oo 
available for lands not included in the original project, 
the limits of which it does not reach till opposite Sirdhannah, 
at the lower passage of the West G l e e  Nuddee. 

100. The reduction of the supply in the present channel Effect on existing irri- 
to a depth of 4 feet must, to a certain extent, aRect the irri- gation. 
gation more or less from Roorliee to Sirdhannah. Above the 
Futtehgurh Branch head, the depth of full supply at present 
averages about 6 feet, which would be thus reduced by two 
feet. For this there is no remedy in the outlets above tho 
Hafiznuggur fulls ; those lower down may be removed to the 
fall next above, and so obtain a largerssupply by a drop a t  tlle 
head ; from the Futtehgurh Branch head to the Sulawur falls 
the supply must be obtained by planking up the bays of tlie 
overfalls Belom Sirdhannah, I liave elsewhere shewn, the 
present irrigatiou mill be unaffected by the clianges in channels. 

101. " The obvious advantage of remodelling the present *dvantages of remodel- 
canal," as stated in the Memo. above referred to, " is that it ling. 
will admit of the general design of the works being maintain- 
ed almost intact, and will interfere very little mitli the system 
of minor irrigation channels already in existence." The exca- 
vation also would be small, and the quant,ity of material for 
masonry worh  very much less than in an entirely new chamel. 
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To arrive at the total probable outlay on the works for re- 
modelling we must add-first, the probable amount of remission 
o f  land revenue solely due to canal irrigation ; second, com- 
p ensation to enable cultivators to re-open new wells or repair 
o ld  ones ' for the supply of water to lands in cultivation pre- 
vious to the receipt of cacal irrigation ; and thirdly, the loss 
of  a year's water rent in case of the canal being closed for that 
period. 

Tlie increase to the land tax now realized, solely due to 
irrigation from the Ganges Canal, is, from rough statements, 
kindly furnished to me by the District officers, as follows :- 

I n  Seharunpore . . . ... Bs. 4,630 14 0 
Mozuffunvuggur . . . ... ,, 91,158 0 0 
Meerut .-. ... 20,000 0 0 . -- 

Total 1,15,788 0 0 
or  my Rupees 3,00,000 in the aggregate for all the districts 
dowu to Cawnpore. 

The total area irrigated by the Ganges Canal channels 
during the last year 1863-64 was 449,788 acres. 'L Hutcha" 
wells, d. e. without masonry lining, will answer all needful 
purposes for so short a period, especially as the level of the 
eprings in the irrigated districts is nowhere far below the 
ground surface. One such well, it is estimated, is sufficient 
for the irrigation of six acres, and would cost about Rupees 10. 
W e  shall be well over the mark, I think, if we tnlie half tho 
present irrigated area as requiring new wells ; the amount 
of compensation will then be- 

10 x 4q= d x Rupees 3,74,823. 

The aggregate canal revenue during the 
past year 1863-64 was Kupees 7,73,390. 

We have then for the alternative line- 
Cost of construction as per Estimate, Rs. 70,67,380 
Compensation for land occupied-Acres 

10,625 @ Ra. 24 2,55,000 

Grand Total, Rs. ... 73,22,380 

For the remodelling horn Roorkee. to tho head of the 
Cawnpoor and Etawah Branches- 

Construction as per Estimate Bs. 30,98,372 
Compensation and losses if canal be 

closed for a year- 
Remission of land revenue 91 2,00,000 
Compensation for wells 31 3,74,823 
Loss of water rents ,, 'i,73,390 

Grand Total 97 44,46,585 
shewing an excess of Rupees 18,75,795 against the alternative 
line ; nor does this represent the whole of the difference, the 
amount of loss by closure of the canal being debitablc to the 
entire remodelling from the head, as well as to the portion 
below Roorkee. 

As to the time mhicll either project would probably Time probably occupied 
take to complete, if men and money ue available as required, in 

Q 



three yejrs will, I think, judging from the tirue required for the 
brickmaking, suffice for the remodelling ; the alternative line 
must obviously be a longer business, depending mainly on t h e  
time required for the completion of the Kalee Nuddee aque- 
ducts, which could hardly be less than five years. 

Probable cost of diver- 104. Supposing the construction of new falls, the altera- 
sions. tion of old ones, and adding arches to the bridges below 

Roorkee were practicable with a running canal, the cost of 
diversion may be estimated as follows :- 

Tlie estimated rate for a temporary 8 feet fall is, vide Esti- 
mate 180, Iiupees 59 per running foot ; for earthen channels 
above Futtehgurll Branch head, Rupces 4,250 ; below that point 
they mould average Rupees 3,350 each. If we take 150 feet as 
the minimum width of water-way above, and 115 fect below 
the same points, we liave- 

Cost of ternporary fall above Futtegurh 
Branch head 150 x 59 ... Rupees 8,850 

Channel . . . ,, 4,250 
13,100 

Cost of fall below do, 115 x 59 ,, 6,785 
Channel ... 9)  3,350 - 10,135 

And total for entire line from Roorkee to Nanoon, above 
Fut teprh  Branch Head- 

Round 4 old Falls @ 13,100 each Rs. 32,400 
3 new ditto @!, 4,250 ,, ,, 12,750 
G Bridges @ 4,250 ,, ,, 25,350 

00,650 
Below ditto ditto 

Round 6 old Falls (@ 10,135 each ,, 60,801 
12 newditto 8 3,350 each ,, 40,200 

Grand Total, Rs. 1,91,660 

Navigation; general con- 105. In  considering the advisability of formins navigable 
sideratlous. communications in connection with these irrigation works, 

either along tho irrigating channels themselvcs, or by separate 
channels, the question of cost appears to me quite a secondary 
one. Whatever may be said of Sir Artliur Cotton's under-esti- 
mates of outlay and over-estimates of profits, the principle he 
h s  so long and ably advocated is undoubtedly true ; that in 
no country,-and especially where the distances from the produc- 
ing districts to the seaboard are long-can the material re- 
sources be fully developed without the aid of water commu- 
nications. Railways can supldy the wants of traffic in pqs- 
scngcrs and valuable n~crcl~andise of snlall bulk, better than 
any other known mode of conveyance, but they cannot now, 
nor ever will be able to carry the heavy and bulky raw 
materials, whicll form the staples of commerce in a country 
like this, at sufficiently low rates to admit of their .being sold 
at tlie seaboard at  remunerative prices. European a i d  Amc- 
rican experience prow it-and even in England with its nct- 



work of railways, and not a spot 100 miles distant from the 
sea-the prices at  which canal shares are quoted, shows that 
there too the water traffic in the interior must be very exten- 
sive. I t  is ~alculated that Indian cotton, to drive American cotton 
out of the English market, must be delivered a t  the seaboard 
at 4 pence per pound, or Rupees 13+ per mauud of 80 pounds. 
Now the cost by rail from Agra to Calcutta, a distance of 
about 900 miles, including transit from the interior to the 
Railway Station, averages from Rupees 6 to Rupees 7 per 
maund, which would thus leave but G j  to 723 liupees pcr 
maund for production, screwing, &c.; while a rate of Rupees 
8 per maund is considered as hardly sufficient to remunerate 
tlio actual cultivator. Compare this with the carriage of a 
400 pound bale for 1,000 miles down the Mississipi for 19 
dollars (£0-6-3), or abo6t 4 t h ~  Rupee per nlaund, and it is 
easy to perceive that India, unless with the present eucep- 
tionally high prices, can never compete ~uccessfully with 
America in this article of trade. 

106. Below Allahabad the Ganges is navigable a t  all Water commnxication 
seasons; boats of considerable size can pass up as high as whererequ'd 
Futtehgurh, except in a very dry year, when the passage may 
be closed for a couple of months. 

Between Futtehgurh and Gurmuhteesur, navigation is 
stopped for 8 months in the year, except for small boats of 
from 50 to 100 maunds. 

On the Jumna as far up as Agra, tho boat traffic is con- 
siderable a11 the year round. For the districts above these 
points then, as far as the foot of the Himaylayas, water com- 
munication is needed. Whether this should be along the lines 
of irrigation canals, where they lie in tlie general direction 
of the country traffic, or by separate channels constructed 
expressly for the purpose, is mainly a question of comparative 
expense. The latter, however, would have so far t.he advan- 
tage in being carried close to the large trading marts, while 
the irrigation channels, as a rule, pass at  some distance. The 
great drawback to any separate llne scheme is the wastage 
by absorption and evaporation which is e clear loss to the 
irrigation. 

107. The probable expense of separate navigable lines, Comparison of coat. 
it will be seen from the estimates, is much in excess of what 
would be required to make the irrigation channels navigable 
throughout. The proportion of the cost of the navigable 
p r t  of the alternative line, due solely to the navigation, is 
Rupees 5,52,494, while the cost of the separate channel for 
that distance, taking the avcrage mileage rate of the channcl 
from Roorkee to the Nanoon bifurcation is 64 x 25.39.131 

The latter sum, however, is considerably less than the 
actual cost of the separate channel there, the estimate for the 
aqueducts and their embankments at the Kalee Nuddee cross. 
ings alone amounting to Rupees 2,56,615, besides the excess 
in the lockage, thirteen descents out of the total number of 
thirty occurring in this portion of the linc. 

If again the b ta l  estimated cost due to navigation on thc 
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whole distance between Roorkee and Nanoon be compared, we 
have- 

On the alternative line project ... Rs. 6,06,069 
... ... On the remodelled line ,, 11,44,688 

while the estimate for the separate channel 
amounts to :. . ... ...,, 25,39,131 

To the probable cost of a separate channel along the gen- 
eral line of the Cawnpore Branch, a close approximation may 
be made thus- 

Total cost of separate channel as per estimate, without 
establishment and contingencies ... Rs. 21,97,241 

21,97,241 
Deduct : 

Aqueducts and their embankments, Rs. 3,10,154 
... Lockage, ... ,, 7,51,505 

Chokies, ... g o -  7 7  10,899 
..... Bridges, ... 3,654365 I 

14,38,423 -- 
Difference, Rupees 7,58,8 18. -- 

The total length, exclusive of the embanked channels at 
the crossings of the G l e e  Nuddee and Cboya, is 160 miles. 

We have then a mileage rate for the channel, including 
the excavation, drainage culverts, irrigation syphons and junc- 

7 58 818 tions with the main canal, of L'- = Rupees 4,742.6. 
160 

Tho length of the Cawnpore Branch to the top of tile first descent 
at  the terminal lockage is 169 miles, and the total fall in this 

169 x 5280 distance is 190.26 feet, of which ( pUoo = ) 74-36 fcct 

would be due to the declivity of bed, leaving 115.90 to be dis- 
posed of by locks, say, 19 locks of 6.1 descent each. 

From the detailed statement it appears that crossings are 
required at intervals of 2 miles. Tlle total number of crossings 

169- required will therefore be (;!-) 84 ; of these 19 will be 

supplied at the locks ; for the remaining, 65 bridges must be 
65 constructed, the aggregate of which will amount to(, 

9 
x 3,65,8C5 = ) ~ u ~ e o s  4,03,070. The total cost will then be as 

follows :- 
169 miles excavation, &c., at Rs. 4,740 

per mile ... ... ... Rs. 8,01,060 
19 Locks, at Rupees 25,200 each, . . . , ,  4,78,800 
65 Bridges ... ,I 4,03,070 
1 9  Chokies, a t  Rupees 364 each ... 6,916 -- 

Rs. 16,89,846 
Contingencies @ 8 per cent. ...., 1,35,187 -- 

8,25,033 
... Establishment @ 7 per cent. ,, 1,27,752 -- 

Grand Total, Rs. 19,52,785 
The estimated cost s f  the alterations re- 

quired for navigation on the existing irrigation 
line being ... . ... . ... Rs, 4,26,843 



The above estinlates shew only tlle probable expense of 
tlie construction of t,he separate channels; if to tliesc be added 
the compensation for land occupied, the total probable outlay 
will be as follows :- 

From Roorkee to i17anoon. 
Construction ... Rs. 25,39,131 
Compensation for land, 4,383 acres 

@ Rs. 24 per acre . . . ,, 1,05,192 

Grand Total, Rs. 26,41,323 

Nanoon to Cawnpoor. 
Construction ... Rs. 19,52,785 
Compensation for land, 4,507 acres @ 

Rs. 24 per acre ... 97 1,08,168 

Grand Total, Rs. 20,60,953 

108. Considering then, the large additional outlay in first Ad, btion of S contsuction and expense of future maintenance, and above all, channe e for navigatioll 
the wastage of water involved in the projection of separate clian- prcfe"ble. 
nels, the balance appears to me to  be largely in favour of 
adapting all the lar er irrigation channels for navigztion. If 
it be found advisab f e hereafter, short channels from the trunk 
lines can, without difficulty, be carried into the chief trading 
towns, the escape water from which would pass off into some of 
the numerous watercourses, and thus be utilized for irrigation ; 
and at  the extremities of the canals, if the navigation be found 
to be obstructed at  certain seasons, by a decreaae in the supply 
of water, owing to the requirements of the irrigation, separate 
channels can be led off above the points where the obstructions 
are felt, rejoining the present lines at the junction lockage into 
the rivers aa on the Cawnpore and Etawah Branches. The 
designs and estimates now submitted for separate channels, it 
must be recolleoted, are on a minimum scale ; the main line 
and branches of the Ganges Canal for 9-10th~ of their length, 
would give a very much wider and deeper waterway. 

109. With the water communication thus completed Conneotion, with navi- 
along the centre of the Doab to the Ganges o t  Campore, it will ~ ~ o ; ~ ~ 2 ~ , ~ ; t  
be quite possible to connect the Districts lying north of Delhie 
between the Sutlej and Jumna rivers. In  a report on a canal 
projected &om the Sutlej, lately submitted to Government, it 
was shewn that a navigable connection between one of its 
main channels and the Western Jumna Canal, below Kur- 
naul, was feasible. From this point, if existing obstruc- 
tions be removed, the traffic may pass down the Delhie 
branch of the latter to within a few miles of the city of 
Delhi, whence a separate channel, provided with suitable 
lockage, would carry it into the Jumna, which may, I believe, 
(for there are no levels over the actual course) be connected 
a t  no great expense by a navigable channel with tho main line 
of the Ganges Canal. 

This would give an uninterrupted water communication 
from all the northern districts lying between the Ganges and 
the town of Sirhind on the left bank of the Sutlej, to the 
seaboard at Calcutta. To the west of Sirhind, the export 
t r d c  would be conveyed by the canals there into the Sutlej ; 
thence down the Indus to Kurrachee. 



snvigation re.urns from 110. The nett profits froni navigation on tlie canal 
Ganges Canal. during the last few years were as follow :- 

... 1859-60 ... Rs. 47,220 
Including 

1860-61 ... ... Cwme ,,, 
,7 1,12,757{ ,f p,viou 

( yeam 
1861-62 . . ... 9, 55,725 ... ... 1862-63 17 46,834 

Were the existing obstructioi~s to navigation removed, and the 
branch lines also made navigable throughout, there is little doubt 
that tho returns mould be vastly increased, probably seven or 
eight times greater than the largest amount hitherto realized. 

! 

T O ~ P ~  probable cost of 11 1. The detailed estimates now submitted, I have 
Oanges Canal. elsewhere stated, refer only to the main line and the Cawnpore 

branch. With their aid however, and the statement of actual 
expenditure in Appendix G., me may arrive at an approxima- 
tion to the total outlay required for the completion of the 
entire system of works. The total expenditure on all ac- 
counts up to 31st July 1854, before irrigation had commenced, 
was Rupees 1.4 1,83,146. If from this the cost of L L  Contin- 
gencies" and of " Establishment" be deducted, the percentage 
on the remainder for the former item is 0.7 for establishment ; 
9.9 on the total of the contingencies and outlay on works. 
Applying these percentages to the cost of '' Original Works," 
and '' Rajbuhas" during the second period, from 1st August 
1862 to 30th April 1863, we have- 

Cost of Canal Work and Rajbuhas, as per 
Statement . . . . . . . . . . . . . . . . . .  Rs. 55,86,524 

...... Contingencies at 0-7 per cent... 7 9 39,105 

Total ,, 56,25,629 ......... Establishment at 9.9 per cent ,, 5,567937 
Total cost since commencement of irrigation ,, 61,82,566 
Previous expenditure ............ ,, 1,4 1,83,146 -- 
Grand Total up to 30th April 1863 ,, 2,03,65,712 -- 
Of this the expenditure on the Cawnpore 

. . . . . . . . . . . . . . . . . .  Branch mas 7, 17,87,762 
And deducting cost of the terminal works 

. . . . . . . . . . . . . . . . . .  in Cawnpore ,, 1,61,845 

The cost of the channel above was . . . . . . , .  16,25,917 

The estimated cost of remodelling the Branch amounte to 
nearly one-fourth of this ; for the Etawah Branch it may be 
taken at one-fifth. 

The total outlay on the latter will then probably be- 
Expenditure up to 30th April 1863 ...... Bs. 12,09,068 
Add Contingencies and Establishment as 

. . . . . . . . . . . . . . . . . . . . .  above ,, 1,28,999 - -- 
Total. . . . . . . ,  13,38,067 

...... Add one-fifth for navigation 9 ,  2,67,613 
. . . . . . . . .  Terminal lockage ...... ,, 80,000 

Required to complete ,, 4,47,613 



The length of the Etawah Branch completed was somewhat 
in excess of 169 miles, about the same as the Cawnpore 
Branch, the discharge at  the heads of both being identical. 
The difference in cost is accounted for by the reduced dimen- 
sions of section in the lower half of the Etawah Branch. For 
arriving at  the cost of the other branches, which will only be 
secondary navigable lines, the lower estimate will, I think, suf- 
fice. From the estimates now submitted, one-tenth additional 
appears to me about the amount required to make these chan- 
nels navigable when there is no lockage. 

- 

Assuming the cost to be proportio& to the several dis- 
charges at  the head, we have for the Futtegurh Branch- 

Cost of channel without overfalls . . . 
12,09,068 x 1240 

1640 
- ... ... Rs. 9,14,173 

1-10th for navigation ... ... 79 

4 falls already b a t  . . . ... 9, 

6 do. a t  Xs. 25,000 each ... ... 31 

4 lochs at ,, 20,000 ,, . . . . . . 1 3  

6 9 ,  9, 15,000 ,, .. . . . . 3 ,  

Contingencies and Establishment as 
befbre.. . ... . . . . . . 9 9  

Total ... j 7 

Deduct. 
Expended up to date ... Rs. 6,85,006 
Contingencies and Establishment , , 73,085 

Required to complete ... Rs. 8,41,246 

Cost of works due to irrigation as before 
121097068 520 = Ra 3,83,363 

1.640 
Contingenciea and ~stabkshment ,, 40,902 

,, 4,24,265 
Add 1-lOthfor navigation ... . . . 1 7  42,426 

7 

Total, Rupees. 4,6 6,6 9 1 
Deduct. 

Expended up to date ... Re. 81,854 
Contingencies and Establishment ,, 8,733 

90,587 

Required to complete Rs. 3,76,104 

Estimate as for Bolundshuhur Branch Rs. 4,66,691 
The aggregate length of the Rajbuhas completed up to 30th 

April 1863 was 2,266 milea; the total expenditure on this 
head being Rupees 31,81,259, the rate per mile is found to 



be Rupees 1,404, which, by the addition of t l ~ c  propol.tiotis a(: 
above for contingencies and establishment, is increased to 
Rupees 1,553-8. The lengths of irrigating channels are as 
follow :- 

On the Main Line ...... 153 Miles. 
Cawnpore Branch ...... 168 ,, 

...... Etawah do. 165 ,, 
Futtehghur do. ...... 145 ,, 
Bolundshuhur do. ...... 55 ,, 
Koel do. ...... 55 ,, 

Aggregated length 741 Miles. 

The length of Rajbuha channel to each mile of canal on 
the main line and Cawnpore Branches, where the Rajbuha sys- 
tem may be considered complete, or very nearly so, is about 
5 miles ; a like proportion is found to obtain on the Eastern 
Jumna Canal. Tliis gives an aggregate length of Rajbuha 
channels for the whole of the irrigation from the Ganges 
Canals of 3,705 miles ; and deducting 2,266 miles, we 
find 1,439 miles as the length required to complete the 
system. The cost at  the above rate mould then be 
1,439 x 1,550 = Rupees 22,30,450. Collecting the several 
items together, me obtain the following as the total probable 
outlay on the works of the Ganges Canal and its branches- 
Expended up to 30th April 1863 . Rs. 2,03,65,714 
Remodelling as per estimate ... ... ,, 39,19,850 
Completing Etawah Branch ... ... 99 4,47,613 

Do. Futtehgurh do. ... . a .  7) 8,41,246 
Do. Bolundshuhur do. ... ... 99 3,76,104 

Constructing Koel do. ... . s o  9 ,  4,66,691 
Completing Rajbuha system ... ... v 22,30,450 
Permanent head-works on the Ganges, 

roughly estimated at  ... =.- 9, 10,00,000 

Revenue lost and compensation given if ... canal be closed for one year Rs. 13,48,213 

Qrand Total, Ra 3,09,95,881 

Taking the full supply of water delivered at the head of 
irrigation to be 6,750 cubic feet per second, the cost per cubic 
foot per second of discharge is thus, Rupees 4,740. 

Discharge of Canal as- 112. The supply of water for irrigation and its distribu- 
snmed as in Originnl pro- tion have been assumed throughout these projects according jection and why. to the original projection, as it was based on resalts obtained 

from the older canals in Northern India, where irrigation had 
been long and extensively developed. Though, as I hare 
stated elsewhere, the volume in the Ganges Canal is now much 
reduced by absorption, there is no reason to suppose that when 
the surrounding water-bearing strata are fully saturated, the 
wastage will be greater than in other localities. 

Terminna of Futteghur 113. It was proposed, 1 understand, some time since to 
Branch. terminate theFuttehgurh Branch at the Escape opposite h o o p -  

shuhur, at the 82nd mile from the head, substituting for the 
remainder of the projected line two Rajbuhas which would be 1 



taken off at that point. If this be determined on, a navigable 
communication can be made with the trunk line above Nanoon 
dong the line of levels shewn in Plan II., a section of which 
will be found in Plan IV. The cost of such a channel would, 
I believe, be fully covered by the estimate for completing the 
branch as projected. 

LSUPPLY OF WATER FROM THE JUMMA FOR 
AUTUMN CROPS. 

114. The information I have been able to collect on this att;hEp" Jumu 
head is rather of a negative than a positive character. The 
most economical plan at  f i s t  sight appeared to be, to take off 
the supply from the Bhoodhee Jumna above the Nyashuhur 
Dam, thence carrying it in the present channel of the Eastern 
Jumna Canal as far as the dam over the Muskarra at Kulseea. 
from this a new channel would reach the watershed between the 
Dumola and Hindun Rivers in a length of a few miles, and, 
pwing to the southward, could be carried acrow the Hindun 
by an acqueduct, meeting the proposed alternative line above 
the town of Deobund. The leveb Plan IX. show that it is 
physioally feasible, but the outlay must, I think, be greater 
than the reaulte would justify. 

In consequence of the difficult nature of the county, and 
the emall waterways of the Belka and Behut overfalls, on the 
Eatern Jumna Canal, it would be neeesserry to construct an 
entirely new channel from above the Nowmong torrent, which 
would cross it below the present Dam an8 rejoin the Canal 
Channel just a b ~ e  t3e Muskurra Dam; the overfall or (retain- 
ing dam) on the Nowgong, built some years since to stop the 
retrogression of the bed level, might be utilized for the crosigns 
of the new anal. Below the Muskurra, however, the declivity 
of the county is very rapid; numerous overfalls would be 
required besides an aqueduct over the Hindun, which would 
involve a large expenditure of time and money. 

The irrigation from the Errstern Jumna Canal suppliw 
the country fairly on the right bank of the Hindun; the 
new channel would, therefore, not commence irrigation above 
the 30th mile or so from its head. Perhaps the objection of 
most weight against drawing water from this point, or any 
where above the present Canal heads, is that it might inter- 
fere with the wants of the existing irrigation st the most 
critical season of the year. To bring the autumn orop to per- 
fection, water would be required iiom May to September 
inclusive. 

What the incrwe in the volume of the Jumna may be in , 
the former month, I cannot exaotly say, no discharges having 
been yet measured ; but from the experience of the autumn 
of 1863, when the rains ceased on the 10th of September, and 
the hot westerly wind parched the lower districts for some 
weeks subsequently, it is evident that in certain seasons the 
whole visible supply is needed for the present canals. Though 
the river bed was then dry below the heads ofthe Jumna 
Canals, the cry for more water was incessant. 

115. The second locality from which levels were taken From Railway O T O ~ ~  

was the Railway crossing opposite Saharunpore, where a ~ a ~ p o ~ .  
dam and head-works might be economically combined with the 



bridge shortly to be erected. The levels however are unfavor- 
ahle, and the channel would have to he carried across the 
Eastern Jumna Canal, and tho numerous water-courses and 
drainages, which intersect the district, besides requiring an 
aqueduct for a passage across the Hindun. The volume of 
the Jumna also, at so short a distance from the present canal 
heads, would in all probability be very small at the latter 
end of the rainy season in a dry year. 

From river at conflu- 116. The highest point, in my opinion, from which a 
ence of Hindun. channel could be taken at  a remunerative cost, and with a fair 

prospect of an unfailing supply throughout the irrigating 
season of the autumn crops, is at  or close to the junction 
of the Hindun with the Jumna, 16 miles below Delhi. Opposite 
to this the main vatershed of the Doah abuta on the valley 
of the river, and from a cross section taken from the Bolund- 
shuhur Branch hcad to tho Hindun, close to its junction with 
the river, it appears that the surface of tlie stream in the 
latter, in the dry season, is on the same level as the bed 
of the main line Ganges Canal at  Moonda Khera. A channel 
threfore led off from this point at  a declivity, say, of half a 
foot per mile (or 1 in 10,560) would connect with the Ganges 
Cannl at about the 160th mile from its head. Tile length of 
non-irrigating channel woulcl thus be about 48 miles, and the 
greatest depth of excavation mould not, judging from cross sec- 
tion levels taken over the high land, exceed 32 feet. A dam 
across the river here could be constnlcted at a minimum out- 
lay from its proximity to the Delhi qumies, whence stone 
could be floated down at  a small expense in boats. 

I t  would be perhaps advisable to keep this channel quite 
distiuct from the existing Ganges Canal lines resewing all 
irrigstion from it for the districts to the southward, where 
water cau be but scantily supplied at  present. 

A collateral and very important advantage connected 
with such a cliannel is the opportunity it affords of continuing 
the nnvigablo communication down the Doah, to tho junction 
of the Ganges and Jumna at  Allahabsd. Though the volume 
of the Jumna in the dry season at  such a distance from the hills 
cannot be relied on to supply any large extent of irrigation, 
there mill always be sufficient for a navigable channel of con- 
siderable size, even with a current running at the velocrty 
assigned to it in this project. I n  fact, were the river dammed 
across here, some such provision appears necessary to supply the 
wants of the traffic which now paases up as high as Dellii for 
tlie greater portion of the year. It is superfluous to say more 
on the matter in this paper, after the unanswerable testimony 
given to the value of such a communication in the late Colonel 
Baird Smith's Famine Report. 

01 ae *iTer below 16e 117. Below the conflueehe of the Hindun, the valley of 
H i n d u  the Jumna narrows rapidly ; the section at Agra taken for the 

Railway is given in Plan VIII. A supply might be taken off 
at a lower point than I have indicated, but I doubt its feasibility 
at  a renluuerative cost ; the high bank is close to the edge of 
the stream, about 40 feet above i t  at  A3pa, and the declivity 
of the ground surface to the southward ~s small, not exceeding 
a foot per mile on the average. 



CONCLUDING) REMARKS. 
118. The question of permanent head works for the PermanentHead Works 

canal did not form one of the subjects to which my attention 
was directed in the present investigation; a few general remarks 
on it will not, however, bc out of place. The site of the present 
temporary bunds is at  a point on the river, where the declivity 
is great, rapids at short intervals mhich retrograde more or less 
every rainy sewn.  The safest position for a permanent weir 
is obviously at the foot of this excessive slope, where the ten- 
dency to de osit on the bed commences ; the construction of B foundations ere also would be a less diicult business than in 
the heavy boulder strata above. This reduction of declivity 
appears to occur at a point on the main stream at  the bridge of 
boate about half a mile below the tewn of Khunkhul ; from the 
levels given in the Ganges Canal Report Atlas, it appears to be 
just possible that a channel taken off from this point could be 
connected with the existing line above the Ranipoor superpas- 
save by removing the overfall there, and deepening the bed for 
a sort distance higher up. The cost of this channel and the 
new head works would not, I think, exceed that of the latter, if 
constructed at  the upper site, added to the outlay on remodell- 
ing the line from the present Regulator to helom Khunkul 
Bridge, besides haviq the advantage of a more effective con- 
trol over the river above the dam. 

The bed of the river at  the point indicated is of shinglo 
and small boulders ; a few rapids occur lower down, but at  long 
intervals, and the descents at each very gradual. 

I t  has been suggested that the hridge for the Rohilcund 
Railway might be carried across the dam here, thus saving the 
expense of foundations. 

119. One question-affecting not only the flanges Canal B y a h  ofgeneral drain- 
works, but also the whole system of irrigation in Northern age renuired 
India, which is yearly becoming of greater importance-is the 
necessity for thorough drainage in all the districts under the 
influence of constant irrigation. The general elevation of the 
spring level in the adjoining tracts was long since observed to 
follow the introduction of canal irrigation, but it mas not till 
within the last few years, that the evils resultillg fro111 this 
over saturation of the soil, became so clearly apparent. 

Swamps are formed over extended areas of low ground, 
which are further increased by the excessive proportion of the 
rain-fall, which must now find its way into such hollows, wher- 
ever the country drainage outfalls are not sufficient to carry it 
off, owing to the diminished capacity of the soil for absorption. 
The condition of the districts bordering the Delhi Branch and 
other portions of the Western Jumna Canal from this cause 
has long since attracted the attention of Government. I need 
not go over the details here ; much has been already done in the 
way of draining these marshes on hoth the Jumna Canals. 
A general system of drainage however is required, en~bracing 
not only the tracts now constantly flooded, but also all districts 
where the spring level is so close to the surface as to injure 
the quality of the crops or generate malaria. When in charge 
of the Eastern Jumm Canal, for a few months last year, 
where drainage works have been largely carried out by the able 
and indefatigable Superintendent, Major Bromnlow, R. E., (now 



on furlough in England) my attention was directed to several 
extensive marshes which I was informed had only made their 
appearance a year or two previously; these were due mainly, 
I believe, to the general elevation of the spring level. It was 
also evident that some of the drainage works excavated in 
past years, had hecome insdcient  for their purpose, ow in,^ 
to the increased proportion of rainfall to be carried off in t.he 
surface outfalle. 

Nor is this to be attributed, or only very partially, to 
' leakage from the canal channels. In an investigation whigk 
was carried out last year by the orders of the Punjaub Govm-  
ment into the causes of the diminution of water-supply in 
the cantonments and city of Umballah, the faots elicited 
clearly showed that the subsidence of the surfaoe level of the 
water in the wells was due almost entirely to the s h u h g  aff 
of the floods from oertain hill torrents which formerly inun- 
dated the country very esteneively every rainy season. I t  
is constant flooding over large areas which alone wn cause 
a general elevation of the sbring level. 

This is only another instanoe of what may be called a 
truism, though it requires often ta be brought to notice in 
this age of rapid progress (vide Sir John Rennie's lethers to 
the " Times" in December 1863, on Drainage, Sewage, 
Water-supply, and Irrigation ") that where the iourse of nature 
is interfered with by artifioial operations, the interference does 
not stop at the point originally intended; other results super- 
vene, which, if injurious, must also be dealt with artificially. 

A general system of subaoil drainage, moh as indicated 
above, would inorease rather than diminish the extent of irriga- 
tion, as the water thus carried off might be utilized in lands 
at a lower level. 

The 4' reh " efllorepcenoe, ao destruotive to all vegetatian, 
is undoubtedly due, in moat CMOS, ta excessive moisture at or 
close ta the surf- 

Rernedial meom@ W ~ T  120. The question may be asked why were remedial 
not adopted earlier. measures not earlier adopted to remove the acknowledged 

defects in the Canal. In the beginning of 1857, by the er- 
mission of the Punjab Government, I traversed the Cana r by 
boat from Hurdwrrr to Cawnpore, for the express purpose of 
seeing how the works had stoad, with the view of deriving 
informatian which might be uaeful in the construction of the 
Baree Doab Caqal, then in course of coqstructioa. All the 
e ~ i l s  now so largely developed were then incipient; but 
it was not oonsidered expedient to enter on aa extensive 
renlodelling scheme until the works had b d  a i onger trial. 
The smothered murmurings Qf disaffection were then rife, 
and before two months had passed, the Mutiny with all its 
horrors was upon us; its echoes had scarce died out ere 
another, and scarcely less terrible visitation, the famine of 
1859-60 and 1860-61, averspread the greater psrtion of the 
Porth West Provinces. 

Human lives were then in the balance, and the question 
po longer was as to the volume which the canal could safely 
carry, or the best method of rectifying defects, but how the 
maximum supply of water could at any risk be c~nveye4 to the 
starving populqtios b the lower districts. 
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Hus~eyr lm Eridge and 
IlnjbuhnOutlet~ns before 

Bahoeee ditto ditto ... 
... Gohnn ditto ditto 
... Oomurda ditto ditto 

Gookhee Bridge nnd Rnj -  
bulin Outlet RY hefore ... 

K h ~ r n u g p u r  Bridge nr~d 
l :~ljhuhaO~~tlets ne.,befo~e 

Ainiic tiitto ditto ... 
Iliw~.apoor ditto, no 1l11j- 

l~nhn  Outlets.. 
Ritlheen ditto and 1111;: 

bnhn Outlrt as before ... 
Ootha d i t ~ o  ditto ... 
M~~nowa ,  ditto ditto ... 
K r ~ k n a u  E s c n p e  i n t o  

I'nndoo Nuddee ... 
Ditto Ill.iclge arid Ilnjbuhn 

Outlets ns before ... 
Nudoopoor ]!ridge nnd 

l t ~ ~ j b u h n  Outlets ns before 
Koo~ldun ditto, no lknj- 

bujn Outlrts ... ... 
'ln'iroulee ditto and Rnj- 

buha Outlets aa before.. . 
... ... 

Bhosan nridge and I i n j -  
buha Outlets rra before 

... ... 
... Joggutpoor ditto ditto 
... Rulljeetpoor ditto ditto 

Hoorknpoor ditto ditto, 
... sills level with bed 

Koorsor~lee ditto dit to ... 
Unrra ditto ditto ... 
Ifuswanpoor nridge nnd 
lh jbuhn 0ot.lets na before 

Kh u j ooree ditto skew 
... 35 ... 

E. I. Rnilwny, ... 
Dnbowlee escapes right 

and left bnnk into Pun- 
... dw Nuddee ... 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Ditto ditto. 

Ditto ditto. 
Oirderr rained. Towpa th  added, 

Arches raired, ditto. 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Ditto ditto. 

Girders raised. ditto. 
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Munohurpoor Brid e and 
h j b u h n  Outlet 6 f k  B h  
na before 

... I Uohuldee ditto ditto 

Koomhnm Bridge and Raj- 
buha Outlet 6 ft. Sills ua 
befure ... 

Kuudhon ditto ditto ... 
... I Devipoom d i t b  ditto 

I Uijhye ditto ditto ... 
... Xognan ditto ditto 
... U u p n l p r  ditto ditto 

Jheenjuck Rridge nnd Rnj- 
buho Outlet 10 h. 81118 
as hefore ... 

Jooritr ditto ditto 6 ft. do. ... Yithmurm ditto ditto 
... Jundamow ditto ditto 

I ... 
ltourn Escnpe L. B. iuto 

1ii11de Itiver 
Do. Ilridee, be. na hefore 

'Tigarn dittr. ni~d ltsj buhn 
Outlet loft.  Sill8 unle- 
vel of Iwd ... 

Rllrheen clitto ditto 6 ft. 
S~l l s  11s before ... 

... Akb~1rpl.e ditto ditto 

... S ubbeeyour ditto ditto 

... I Nuholee ditto ditto 

Qirsee nridge nnd Rnjbu- 
... Iln Outlets 11s lafore 

I:utg;~o~~ ditto ditto ... 
I:r?o~ln ditto aitto ... 
Ooogooa ditto ditto ... 

... 
Kerown Escnpe L. 1s. 

illto Jtul~nn lliver 
Dittu Ilridge ... 

N. B.-Distances from hend ns far as Gihror Ilridge tnken from Appendix J. Ganges Canal Beport; below thnt  from the Ereoutive Engineer's (Mr. F o d s )  s t r h e n t r .  w d  +veh of 
flooring from head to U u r q a o n  bridge wken from the Executive Engineer's (Lieut Jeffrey'e) section. Below that from Mr. Format's wtion. 



. . 
APPENDIX B.-(Continued. ) 

. . . a  .. . . .  8. B.-Pmporc*d nlterrtiona in htiqne Type, 
c. 0 

I f * RCDUCED I,KVEU OF HIED. 

If ';zde1- 

343'81 
364'36 

360'69 
370'81 

Distnnce 
from 

Bend. 
Projected alterations and additiom. 

Q 

2 

3 
6 

6 
8 

10 

12 

14 

16 

17 

18 

21 

24 

24 

~t premt. 

333.59 

33748 

341.M 
344 49 
346.89 
354 83 

357-33 

380.14 

3118.90 
YWO2 
37096 

373.1 5 

376-90 

879.97 
887 87 

NAME OF WORK. 

Jnolee, Itegalnting Hend 

Konmhrm, Rnjbuhn Out- 
let LI1 

Ilitto, Ilridge 
Jut\rnrn, llujbuha .0uti;i 

~r B 
Dittn ~ r i & e  
LSl~mhl~lhern Ditto 
Chubla full i.94 

Dhoomnh Bridge 

Neerpoor n r i d p  ... 
Akbnqmr, Rnjbuh. Out- 

lets R & LB 
Ditto P u b  

Kol nridge ... 
Mowana Bridge 

Dhnksulee, Rnjbu%a Out- 
let, 111) 

Ditto Fnllr 

0 

4884 

660 
3206 

3300 
3960 
3300 

SO0 

4620 

720 

660 

4620 

4620 

1023 

1320 

r, * 0 

(R 3 

FUTTEHUVRH BRANCH, 
...... ...... ... ... 

70 5 5  I i 4233 2 . l l i ~  
63 6 2 6500 2'721 

.. . . . . . . . .  . . . . . . . . . . . .  - ..... ...... - 
... ...... ...... . . . . . .  

..... . . . . . . . . .  ...-...........- 
... .... . . . . . . . . .  ...-. . . . . . . . . . .  ... ...... ...... 

. . . . . . . . .  ... ...... ........... 
6g.5 1.9 4190 ... 

2 MOO 
... ...... ...... " 1 ..8 ..-... . . . . . .  

66.5 ... 1 5 4333 ............ . . . . . .  -..... 
&:a ... 1.5 4333 

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

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

86 1 5  4173 ... 
... ... ...... 

&,:a ... 1.5 '4310 
... . a . m . . . . . . .  ............ . . . . . . . . .  

fi4 ... 1-3 4NO 

..a .....a ...... . . . . . . . . .  

... ...... ...... . . . . . . . . .  
... 69.6 1.6 1107 



a 2s g ~ :  i 8 8 %  i g  I 8 i i 

a m m  m  C 1 W I I ,  m m m  : @ a :  m e 4  e a r s :  



APPENDIX B.-(Continued.) 
N. B.-Propoeed alterations in antique Type. - - - 

Projeoted alterations and additions. NAME OF WORK. 

Anchonra Bridge ... 

C1 
O % B R I D Q ~ .  REDUCED LEVELE QP BED. 

" 3 

Distance from 
Head. 

Makhena Eeoape into 
Ganges Kiver 

Miles. 
80 

If remodel- led. At present. 

Feet. 
660 

i75 

. . . . . .  

... ... 

... 

... 
1.5 

... 

4222 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

!d 22 

2 2 2 2 4  

20 



ALTEEtNATIVEl LIXE, a-ANQES CANAL:' 
X. Be-Datum line 200 feet above flooring of Myrpore Regulating Bridge. 

Diatance from Head. nottom width Dgyl Of 

Milee. 
0 

B 
6 
7 
8 

10 

11 

13 

14 
15 
16 

17 
I 0  
90 

29 

24 

26 

29 
S 1 

9J 

Feet. 
0 

9500 
3fHH) 
4000 

0 

2640 

2000 
0 

2640 
0 
0 

2000 
2000 

0 

0 

0 

6 
0 

0 

8 

Mean 
velocity ft. 

per seo. 

Dixha e 
cdculnda a 
ft. per seo. 

I d  on right bank into new litw. 
Ditto from left bank old line into old b e L  

Fall Po. 1. 

Brunch Head, Old line, 21 opening of 6 feet enrh. R o d  15 feet ... ... ... 
New line, 24 do. of 6 feet ench, do. ... ... ... ... 

170 I 10 I 2 1 10,000 I 2,676 I 6 , W 7  1 6,000 

Bridge, 4 arches of 51 feet each, towpaths 7 feet, Bond 18 feet ... ... ... 
Ditto ... ... ... ... 

Culvert for Seela N. 2 archee of 20 feet ... ... ... ... ... 
Fnll6 feet, 11 bnys of 15 feet, Bridge as before, Bood 18 feet ... ... '*' 

Discharge 1 Bdud I required o. laVal B ~ ~ d n r a  
ft. per sea 

261.25 .... 

262.55 
264.71 
265 34 
265.17 

1271 47 

... Do. do. do. do. .+. ... ... 
Cuhert for Drninllge one arch of 10 feet ... ... -* ... ... 
Fall 6 feet, 11 bays of 15 feet, Bridge es before, RoPd 18 feet ... ... ... 
Aqneduct, 2 arches of 40 feet, Canal wnterway 190 feet ... ... ... ... 
Bndge, 4 nrohes of 51 feet each; towpaths 7 feet, lloadway 18 feet ... ... ... 

279.2-1 

286.89 
287 16 

Ovor Kalee Nnddee. 

R o d  from Moznffernnggur to Beharunpore. 
,, ,, Deobund to B.hlah. 

NO. 4 - 

No. 6. 

No. 6. 

No. 7 Boad from Mozu@ernaggar to ! lbnah  Bhowun. 

,Yo. 8 Road from M o z ~ n g g u r  to Shamlee. 

Inlet for drninnge, 10 feet nrch ... ... ... ... . .. 
Bridge es before, Rondway 25 feet ... ... . .. ... ... ... ... ... ... ... ... Do. do. 20 feet ... 
Culvert for drainage, one arch of 10 feet ... ... ... ... ... 

... Fall6 feet, I1 bays of 16 feet, Bridges M before, Bondway 18 feet ... "' 

288.42 
289-47 
2R980 
290-86 { 29M6 

... ... Do. do. do. .,. ... ... 297.91 
303.91 

... ... ... ... Do. do. do. ... ... 304.97 
3 1087 

... ... ... Bridge as before, Roadway 18 feet ... ... .,. 
... ... Fall 6 feet, 11 bays of I5 feet, Bridge as before, Bondwar 20 feet "' 

... ... ... Do. do do. . . a  - 4 .  '" 

31255 
313 61 { 319.61 
321.73 { 32773 







APPENDIX B.-(Continued. ) 
N . B.-Datum line 200 feet above flooring of Myapore Regulating Bridge . 

Miles . 
112 
113 
115 
110 
118 
119 
120 
123 

0 
126 
127 
12s 

129 
129 

0 
131 
133 
134 
135 
136 
138 
1 a9 

Feet  
0 

4000 
0 

4000 
0 

2640 
b o w  
4009 

0 
asu, 
2640 
2000 

0 

0 
0 

m 
2000 

0 
3000 
200 
so00 

0 

2640 

m 
0 

4 0  
m 
2500 
2640 

0 

RBYlaxe . FeptTl of 
Diatanae from =end . I p:Et 1 lvabr. 

... ... 4.. Bridge 3 arctes of 33 feet each. Rnadwny 18 feet ... ... 
Syphon for clmimp 2 nrchen of 10 feet ... ... ... ... ... ... ... ... l h d g e  an hefore . I lmdwn 211 feet ... ... ... Inlet nnd Outlet (Rojbuhn) 1 arch of 6'fect ... ... ... ... 

... ... ... Fall 4 feet, 8 baya of 15 feet, Bridge M before, Roadway 18 feet 

... ... ... ... Avphnu for drninnge. 1 arch nf 10 feet ... ... ... ... ... ... f i ~ d g e  M hefi~re. Koadnny 20 feet ... ... ... ... ... ..a I l r id~e ns before. llrmdwny 18 feet ... ... 
TWO lbjbohn Ontletq. 1 a-ch of 6 feet. ... ... ... ... nritlge aa hefare. Ilnndwny 18 feet ... ... ... ... ... ... Rnjhuhcl Inlet and Outlet . 1 nrch of 6 feet ... ... .a. ... ... Dridge M before, 1:oadway 25 feet ... ... 

I Side a l n p .  Deolivity of 
1 in bed. 1 in 

Fall 5 feet. 6 bays of 15 feat each. Bridge M before. Roadway 20 feet ... ... ... 

I l l  Mean Dimharge Dirharge . Reduced 
velocity . aloulnted . required level b d  

I?riflge as before. R o d n a y  25 feet ... 
I l :~j lu~I~a Inlet and Outlet. 1 nrch of 6 feet 
I!r~tlp ne befcwe, Rondanr 20 feet ... 
1.njl. tthn Outlet. 1 arch of 6 feet ... 
I l r ~ d ~ e  n. before. l h d w a y  20 feet ... 
Sy111on fur drainwe. 1 nrch 10 feet ... 
Ilri~lpe ne before. l h d w a y  18 feet ... 

Ditto ditto ... ... 
R;?jhuhn Outlet, 1 arch of 6 feet ... 

... ... ... ... ... ( Fall 4.59. 6 bay8 of 1 5  feet ... 
[ B-h Head. C b l  Branch. 2 arch. of 5?3. feet each. Rodway 18 /art. 

of 23 fsst each. Ruadway 18 fsrt . . 

. . . .  B r i d p  3 nrchen of 30 feet &oh. ~ m d r s i  18 feet ... ... ... ... ... Bpphoa or dminnge. 4 arch of 3 feet ... ... ... It~ljh~~hn.Ot~tlet.  1 arch ef 6 feet ... ... ... ... ... R r ~ d ~ e  ar halore. Roadway 20 feet ... ... ... ... 8r hon for tlrainnge. 1 arch of 3 feet ... ... ... gtbp u w m ,  20 r ~ t  ... ... ... Dim Ditto 18 foot ... ... ... 

Main Liar. 4 archa 

Road from Bikundrabad to Boolo11drhabw . 
Ne .22.  

Road from Jhujjur to Boolundahnhur . 
Deep foundations below thin on wells . 

Orand Trpnlr Road . 
No .23. 



... Rajbnha Outlet, 1 arch of 6 feet ... ... ... Syphon for drainage, 1 arch of 3 feet ... ... 
Bridge 3 arches of 30 feet each, ILoadway 20 feet ... 
F d l 4  feet, 6 bays of 16 feet, Bridge as before, Bosdway 18 feet 

... nridge ne before, Roadwry 20 feet 
Syphon fnr drainup, 1 nmh of 3 feet ... ... llr~dge as before, 1t1)nd~vny 18 feet 
Syphon for drait~age, 2 arches caf 10 feet ... llrldae as before, Koudbvny 18 feet 

])itto, ditto 20 fret ... 
8j-l1hun for drainage, 1 arch of 3 feet ... 
Junction with Gauges C~lunl ... 

I I ESCAPE 80. 1. INTO WEST KALLEE NUDDEE. 1 

I I ESCAPE NO. 2 INTO HINDUIT FROY 1 0 0 ~ ~  MILE. I 

614.19 Road Allyghnr to Anoopehuhur. 
( 513.14 I No. 25. 

0 

4 
4 

8 

622 66 Ibad from Aliyghur toaamghnt. 
523.24 - I :::.:: / For Seyngoor Nullah. 

- 

0 

0 
4000 

0 

I Grand Trunk W. 

48 1 8 1 1.1 / WOO 1 3.151 ( 1527 1 
... ... Bridge 2 arches of 50 feet, Roadway 25 feet ... ... ... ... ... ... Ditto ditto ditto 33 feet ... ... 

... ... ... ... ... rnll 27.83, 4 b a p  of 15 feet . , . 
1 For East Indian Bailway. 

1 246.02 



APPENDIX B.-(Continued.) 

Distmce eOm Head. 

29 

30 
31 
3 1 

- 
Miles. 

0 

2 
6 
7 
8 

10 

11 

13 

14 
15 
I6 
17 

18 

18 
19 
20 

22 

24 
25 
27 

33 

33 
34 

' 4 4  

1 in 1 bed, 1 in 
- 

SEPARATE NAVIQABLF: LINE. 

Feet. 
0 

2500 
3000 
4000 

0 

2640 

2000 

0 

2640 
0 
0 

2000 

0 

4000 
0 

26-40 

0 

0 
2000 

0 

0 

4500 
3000 
kOOO 

1 : :  

iide . l o p ,  Declivity of Mean Disohuge 

0 

3000 
0 

4000 

v e o i .  
iieduced 1 Depth of 1 

Double lock, 12 feet, Bridge, Roadway I8 feet ... ... ... 
Aqueduct, 3 archee of 40 feet Channel Waterway above, 30 feet ... ... 
Brldge as before, Roadway 18 feet. 
Gyphon for Itnjbuhn 6 feet. 

Double look, 6 feet Bridge, Roadway 2; feet ... 
Gyphon for Rajbnha, 6 feet 
Bridge ae before, Boadway 20 feet. 
Ditto ditto. 

:::::: 

Double lock chamber, each 16 feet wide ... ... ... a , .  

232 

Bridge 1 arch of 34 feet, Roadway 18 feet. 
Ditto ditto ditto. 
Culvert, 2 arches of 20 feet ... ... ... ... ... 
Double lock, 7 feet, Bridge as before, Roadway 18 feet ... ... ... 
Ditto 6 feet Bridge, Roadway 18 feet ... ... ... "' 

Culvert for drainage, 1 arch of 10 feet 

Double look, 6.51, Bridge Roadway 18 feet ... ... ... ... 
Aqueduct, 2 amhes of 40 feet, Channel Waterway above, 30 feet ... ... 
Bridge ns before, Roadway 18 feet. 
Syphon for drainage, 1 arch of 6 feet. ... Bridge as before, Kondwn! 20 feet ... ... ... ... 
Double look, 6 feet Bridge Roadway 18 feet ... . . ... ... 
Syphon for dainage, 1 arch of 10 feet. 
Bridge as before, Roadway 20 feet. 

Do. do. 25,, ... . a .  ... a,. a , .  

..... Double loek, 8 feet do. 18 ... ... ... ... 
Bridge as before, do. 18 ,, 

Do. do. 
Do. do. 

No 7. B o d  from kfoznffumuggur to Stdmnnporc. 
J, 1, 

cdcdated. 

1317.68 
30'1.88 

320.50 

e l  bed. foundation. Wme. 

261.26 

[B::: 
272.87 ( 278.87 
27997 ( 28648 

...... 

b 

. ...... 

. 

8.0 

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

...... .....a 

,,.,.. 

...... 

. 

...... 

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

...... 

...... 

...... 

No. 6. 

diei 'west  Knllee Nuddee. 

Below Roorkee Bridge, Bight Bank. 

For Seela Nullah. 
No. 1. 

?A%;. 
$ 9  11 

No. 3. 

d&; Knlee Nuddee, on r e l l a  

Road from M o d u r n n g g a r  to Saharnnpore. 
"0.4. 

9 ,  1, 

No. 5. 
91 91 



Ditto ditto. 
Syphon for Rnjbuha, 6 feet 
Bridge as before, Roadway 18 feet. ... Culvert, 2 arches of YO feet ... 

... Double look, 6 feet Bridge, Roadwny 18 feet 

... Ditto Ditto ... 
2 Byphone for Rajbuha, 6 feet each. 
Bridge as before, Roadway 18 feet. 

... Double lock, 9.73, Bridge, Roadway 10 feet 
Double lock clmmber, hrd level, Roadway 10 feet 
Bridge as before, 1:ondnay 20 feet. 
Ditto 1)itto 18feet. 
Syphon for drninnge 3 feet. 
Bridge ns before, 1:ondwnp 18 feet. 
Syphon fur I{i~jhul~n t i  feet. 
Double iook, 6 feet, with Bridge, Roadway 18 feet 
Syphon, 2 arches of 6 fwt  ... 
Bridge as before, Roadway 18 fee; ' - 
Sjphon for h j b u h a  6 feet. 

... Double look, 6 feet Bridge, b a d w a y  18 feet 

Hyph011 for Rajbnha 6 feet, 
Bndge as before, Roadway 18 feet. 

... Double look, 8 feet, Bridge, Rondway 20 feet 
Syphon for drainage, 10 feet wide. 
Brldge as before, l~oadway 20 feet. 
Syphon for Kajbuha, 6 feet wide. 
Bndge ae before, Roadway 18 feet. 

... Double look, 6 feet Bridge, Roadway 18 feet 
syphon for drainage, 1 aroh of 6 feet. 
Undge as before, ltoadway 18 feet. 

... Double lock, 6 foet Bridge, Roadway 20 feet 

Culvert for drainage, 1 aroh of 10 feet. 
Bridge as before, h a d w a y  25 feet ... 
Ditto Ditto 18 feet. 
Ditto Ditto 
Syphon for Rajbuha 6 feet. 
Double lock, 6 feet with Bridge, Eondway 18 feet 
Bridge as before, Roadway 18 feet. 

... ... ... 
.. , .,. ... 

... ... ... 

a , .  . a .  ... 
... ... .., 

... a, .  ... 
... ... ... 

* -  

337.84 
343.84 

... ... ... 

... ... ... 

...... 

{ ...... 

... ... ... 

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

366-17 
(372.17 

... ... ... 

... ... ... 

... ... ... 

For feeder of West Kalee Nuddee. 
No. 8. 

9 ,  9 ,  

No. 9. 
$ 8  ~8 

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

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

[ 

No. 10. At junction with amgee Canal. 
9 ,  9 9  

At exit from Ganges Canal. 

No. I I. 

Gir i b o o  Ha Nullah. 

...... 

...... 

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

{ 
...... 

406.53 
(412.33 

No. 12. 
8 ,  9 ,  

No. 13. 
9 ,  $ 9  

........... ...... Bo. 14. 
, J  19 

...... 

...... 

...... 

...... 

...... 

No. 15. 
9, t ,  

Cirnnd Trunk h o d .  Meerut to Delhie. 

No.16. 
$ 9  9, 



=ishoe from Head. Bottom width Depth of Side Slopes Declivity of Moan Disohnrge ltedueed Depth of / / Water. 1 1 i n  I bed l in  / veiooity. 1 ,  caliulnkd. / level bed. / fouodntiou 
-- 
Miles. 

8 1 

82 

&I 
86 
88 

89 
92 

Feet. 

0 ( Ditto Ditto Ditto ... 
9000 A~n@duet. 3 nrcheo nf 30 feet ... ... 

0 Iiriclye ns brforr. Hontiway 18 feet 
2000 Syl)hnn for 1:sjbuhn. 6 feet 

0 Rridge as brfure. Itcmdwny 20 feet 
1000 bi t to  Ditto 25 feet ... ... 
2000 S,vi~hon, 3 f ~ c t ,  for \vatercourne 
3000 Iiridge ns  bVfore, Roadway 18 feet 

0 Double lock. 6 feet, with Bridge, Roadway 18 feet 
0 Bridge an before. 1:oadwny 18 feet 
0 Double !ock, 6 feet, with Bridge, Roadway 18 feet 

2000 Sypboi,6feet,forRnjbuhnescnpe 
3000 l\ridWe as before, Roodwny 18 feet 
lo(6 Ditt) 1)itto 18 feet 
4500 I nitto 1,itto 25 feet ... ... ... 50 0 1)itto Ditto ditto ... 
3300 C~llver!, 6 feet, for lltijb~~hn escape 
2500 Syphon 6 feet for Itlij buha 

0 Double lock 2 81, with Bridge, Roadway 18 feet 
600 Iiridge ae before, ltoodw~y 10 feet ... 

0 Dou1)le lock, 6 feet. with I:ridge, Bogdway 26 feet 

I I I I I 

Lridge as before, ltoadway 23 feet ... ... ... ... 
... Douhle loak. 8 feet, with Bridge, Roadway 18 feet ... ... 

Bridge aa before, llondwny 18 feet 
Ditto Ditto ... ... Double lock, 6 feet, with Bridge, Roadwny 18 feet ... 
Bridge ae before, lloadwny 26 feet ... ... ... . .t  

... Double look, 8 feet, with Bridge, Roadway 18 feet ... ... 

2000 ( Rrphon, 6 feet, for 1lujl)uha 
A 121 2000 h d a e  ns before. Itoodwny 18 feet 
3 syyh;n for ~ r a i n a ~ e .  6 f&t 
'3 123 Syphon, 6 feet, for Rajbuha 
3'~ 

...... 
414.73 

{422.13 

( :3:3: 
...... 
{::I::: 

Grand Trpnk Road, Meerut to Allyghur. 
No. 17 

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

...... 

..... 

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

...... 

No. 18. 

& a h e l h i  to ffurmukteesur. 
No. 19. 

d1. ib. . 

0;;r c h o p ,  feeder of Eaet Kalee Nuddee. 

(3. T. Road Yeernt to All~ghur. 

No. 21. 
9 ,  

No. 22. 
n 

0. T. Rood, Meerut to Bolundshuhur. 
Ditto Bolundshuhur to AQghur. 

No. 23. Deep foundatibns below this on wells. 
At Junction with Ganges Canal. 
At exit from ditto. 
No. 24. Grand Trunk Road. 

1 ,  91 



124 
124 
124 

125 

126 
127 
129 
130 
131 
133 
133 

135 

136 
137 
137 
141 

141 
143 
143 
3 44 
145 
147 
148 

150 
150 
151 
151 
152 

' 152 
154 

155 

156 
157 
159 
158 
158 
160 
160 
162 
163 

164 

...... 

...... 

49088 
1496.88 

: ;  

510-60 
1516.60 

...... 

519.68 

....a. 

0 
2000 
4000 

0 

4MH) 
1000 
8000 
4000 
2000 
4500 
4500 

0 

4500 
3000 
4000 

0 

4500 
0 

3000 
3000 
2500 
4000 

0 

1000 
4000 
1000 
2000 
1000 
6000 

0 

0 

3000 
4000 

0 
3000 
4000 

0 
2500 
1000 

0 

1000 

...... 

...... ...... .,..,. 

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

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

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

...... 

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

...... 

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

... ... ... Bridge a8 before, Bbad.wa 25 feet ... 
Gyphon, 6 feet, for ~ a j b &  emape 
Ditto for Raj buha 

... ... Double lock, 6 feet, with Bridge, -way 25 feet ... 

... ... Ilridge as hefore, Roadwa 25 feet ... ... 
S y l ~ o n ,  F feet, for ~ . i . b &  
llrillqc or before, ~ o a d w a ~  20 feet 
sypllon for drainage, 1 aroh of 10 feet 
lir~tlqe as before, Roadway 18 feet 
1)i t to  Ditto 
Pypl~on, G feet, for Rajbuha 

... ... Double lock, 6 feet, with Bridge, Roadway 18 feet ... 
Bridge m before, Roadway 18 feet 
Ditto Ditto 
Syphon, 6 feet, for Rajbnha 

... ... Double lock, 8 feet, with Bridge, Roadway 18 feet ... 
Syphon for drain*, 1 arch of 3 feet 
Brldge an before, Roadway 18 feet 
Syphon for drainage, 1 arch of 3 feet 
1)itto Ditto 
Bridge an before, Roadwa 18 feet. 
Syphon for drainage 1 arc{ of 3 feet. 

... ... Double look, 6 feet, with Bridge, Roadway 18 feet ... 
Syphon for drain e 1 arch of 3 feet. 
Urldge u bfore,%adway 18 feet 
Ditto Ditto. 
Syphon for drainage, 2 archen of 10 feet. 
Brldge as before, Roadway 18 feet. 
Ditto Ditto 25 feet, 
Ditto Ditto 20 feet. 

... ... Double lock, 8 feet, with Bridge, Roadway 18 feet ... 
Cridqe as before, Rondmny 1R feet. 
?y!tl~on for  drainage, 1 nreh of 3 feet. 
Svpf~on, (i fret, for R4hnlia 
lirltlSe ns before, Rondmny 18 feet ... ... Sy~)lion, 2 archee of 1 0  feet ... . . ... 
Svpllon, G feet, for 12n'bolln 
ifridge ns ~~eforc, nondmy 18 feet 
1)itto Ditto IS feet 
Pyplion for Drainage, 1 nrch of 3 feet 

... ... ... Double lock, 5 feet, with Bridge, 10 feet n o s  

C). T. B,oad,Ehoorja to Delhie. 

No, 26. a. T. 

~ ~ f ' a o s d , g h o o r j a t o ~ ~ y g h a r ,  

No. 26. 
,, 8, 

NO. 27. 
# #  9,  

No. 28. 
**  9 ,  

b a d  to AUyghur Fort. 

N0.20. 
1, #, 

For Beyngoor Nullah. 

No, 30. At  Junotion with Oanges Canal above Nanoon Regulator. 
9 ,  1, 



APPENDIX C. 

The formulm em plojed for calculating velocities and diec)lsrgeii throughout these 
pl-ojects are as follows :- 

1. Velocities in open channels "in train." 

v = 90 J r f o r  mean velocities up to 3 feet per gemnd. 
S 

V - 03 J F f o r  mean velocities above 3 feet per seoond, 
s 

where V = mean velocity in feet per second, 
R = Hydraulic mean depth 

- - Area of section 
Length of wetted perimeter. 

S = Length in which tlie fall iii 1 foot. 
Tlle co-efficient8 90 and 93 are somewhat larger than those given in treatises on 

hydraulics ; they are those, however, most near1 conformable with observation on the streams I with which we have to deal in this country; w ere silt is as a rule held in suspension, by 
which the velocity of curreut is sensibly diminished. The nature of the soil in bed and 
banks also affects the mean velocity. 

N. B.-A11 measures, whether lineal, superficial, or cubic, are in English feet, and 
decimals of feet. 

2. Mean velocity (V) = .81 x surface velocity. 
= -81 v 

3. Discharge through trapezoidal notcli, longest side uppermost. 

where D = discharge 
2 g = 64.403 
1~ = depth of water from surface to sill of notch. 
d = length of notch (or height, if vertical) 

bb = width of notch at  sill 

l t  = ditto at  top 

Cd is a varying co-efficient, depending on proportion of width to height of notch, size 

and form of channel of approach, &c. ; i t  has been taken at  -62 in the cases occurring in these 
culculations. 

4. Approximate equation for proportion of lower to upper width of notches, or between 
grating bars. 

A = upper width 
M A  = lower do. 

where h = depth of water on sill of notch. 
5.  Discharge over weirs with vertical sides (fall " complete") 

where I = width of weir. 
h = depth from normal surface of water above weir to top or sill of weir. 

76, = height due to velocity of approaching water. 

Remainder as before. 



The co-efficient 0, in the cases of the Canal overfells has been taken a t  0628, and if v, 

9 
represent mean velocity of approaching stream, A, = Va - and the above equation 

O:d8x J 2 9  
becomes by substitution and reduction. 

h + 0.03937 v:)' 
6. Discharge over weirs as before (fall I' incomplete") 

2 D = G ~  J Z  9 (4 +ha)  i d 9 +  (dl + ha){ 

dl = height of fall or difference between normal level of water above and below fall. 

d, = depth of top of weir below normal surface level of .svater below fall. 

Remainder as in last equation. 

Substituting for C, and h, the same values as in last equation we obtain 

The obse~at ions  for discharge of the Ganges Canal channels taken for the purposes of 
this report were obtained as follows :- 

Two cross sections of the stream were taken a t  a uniform distance apart of 200 feet, 
t he  depths of water being measured at  every ten feet or less along the width of each section. 

Tbe velocities were obtained by noting the times of transit a t  several points in the 
width of the stream of floats from the upper to the lower section ; these floats were made of 
painted deal rods about an inch square, loaded at  one end SO to float nearly vertically and 
pass as close to the bed of the channel as possible without touching, their upper ends pro- 
jocting a few inches above the water's surface. They were found in every case to float in a line 
closely parallel to the thread of the current. A very near approximation, it is evident, was 
thus obtained to the mean velocity in the vertical plane traversed by each. A correction for 
the small height of the end of the float above the bed was applied to each velocity before 
using them for the calcnlationa of discharge, viz.- 

D-Dl C (or multiplier of velooity) = 1-0.1 16 [ (T ) !- 0.1 3 
where 
D = depth of water 
Dl = length of rod immersed. 
This was given in the report on the Mississippi by Captain Hnmphreys and Liente- 

nant Abbot as obtained by Mr. Franois in his experiments a t  the Lowell W ater-works, where 
velocities of current were observed in a similar manner to the above. 

Velocities were observed on the Ganges Canal and elsewhere also by a current meter of 
similar construction to that known as Woltmann's hydrometer as well as by surface floats, 
but no method I have yet tried seems to me so satisfactory as that of the floating rods. 
The declivity of the water's surface was also in most cases observed for the purpose of comc 
parison and obtaining reliable co-efficients for calculation. 



In  a portion of the channel of the Eastern Jumna Canal lying in the d d  bed of the 
3iuskurra torrent, where the current seemed perfectly adjusted to a light sand3 soil, Major 
Brownlow, the Superintendent of the Canal, found the mean velocities of the surface to be 
from 2.38 to 2.28 feet per second, or mean velocities (multiplying by Oe81), 1.928 to 1.847 
per second. 

In  the lower district of the same canal, near Barote and Deola, the maximum surface 
velocities with a fair supply were found to be 2.817 and 2.507 feet per second, or mean 
velocity of 2'282 and 2.03 feet per second. Silt is constantly being deposited here ; the soil 
is similar to that below Sirdhanna on the Ganges Canal. 

About 1000 feet below the Ghoona Falls on the same canal in aery sandy soil, with 
nearly a full supply of water, I found tlie maximum surface velocity to be 3.0i7 feet per 
second, or mean velocity 2.492 feet per second : no erosion from bed or banks, except when 
a supply much in excess of the maximum allowed is passing down. 

Below the Nyashahur bridge on the same canal, where the soil is very similar to that 
between the Myapoor and Kunkhul bridges on the Ganges Canal, clay, shingle and small 
boulders, Lieutenant Bioncrieff, R. E., the Officiating Superintendent, found the mean surface 
velocity.to be 6.751 feet per second, or the meau velocity about 5.468 per second. 

The same officer observed the surface velocity at some distance below the Yarpoor Falla 
in the new centre division channel of the Eastern Jumna Canal, and obtained a mean of 3.957 
feet per second, or about 3.205 feet per second mean velocity through entire section. The 
 oil here is light and sandy, and the channel hns been both widened and deepened by the 
current. 

I n  one of the rajbuhas (or main water-courses) of the same canal I found weeds growing 
in the bed and on the sides with a maximum snrface velocity of 2-12 feet per second, or 
mean velocity (V) of about 7-71 7 feet per second ; the soil is sandy with a fair admixture of 
clay ; silt accumulates to a troublesome extent. 

I n  another rnjbuha in the same neighbourliood I found a snrface velocity of 2.38 feet per 
second, or mean about 1.927 feet. Silt deposits here, but no weeds appear to grow. 

I n  the ~Iuhmoodpoor left bank rajbuha on the Ganges Caeal I found grasil and weede 
growing in the channel with a plaxirnum surface velocity of 1 . i 2 4  feet per second, or mean 
of 1.396 feet. 

I n  the Ruhadoorabad Lock Channel, Ganges Canal, weeds appear to grow wherever the 
maximum surface velocity is 2.38 feet, (or mean velocity 1.928 feet per second, or under) ; 
soil generally light and sandy. 

On the Ganges Canal I found velocities as follow :-Below the Roorkee bridge on themain 
oanal, where the deepened bed is covered with silt, and erosion from the sides has ceased, the 
mean velocity in the entire section with a supply less than the present maximum on the 
Roorkee gauge by two inches, was 2.92 feet per second, the soil sandy with a tolerable 
admixture of clay. 

I n  the widened channel at  the Toghulpoor sand hills, Mile 36, the mean velocity, with 
full snpply now allowed to pass down, obtained by calculation from the area of the water 
sectiou and the discharge observed below Roorkee (deducting expenditure en route) was 2.532 
feet per second. 

In  the embanked channel across the Solanee Valley, with a snpply two inches under the 
present maximum on the Roorkee gauge, the mean velocity, obtained by calculation from the 
area of water section there and the observed discharge through the masonry aqueduct, was 
3.04 feet per second. The deepest portions of the channelling out here, I have stated 
elsewhere, have been silted up. 

At the 50th mile main line, below the Jaolee l'alls, with (present) full snpply in the 
canal, the observed mean velocity was 3.059 feet per second. Erosion from the banks hae 
ceased here ; silt on the deepened bed, soil sandy. 

Above Newarree bridge, 94th mile, in a stiff clay soil, with full supply in the observed 
mean velocity, was 4.117 feet per second : erosion trifling here; no silt deposit. 

Obsa-rations cotntnunicated by  CAPTAIN DYAS, R. E., D i r e c f m  of Canals, Punjab. 
On the Hansi branch of the Western Jnmna Canals, silt was deposited with mean 

velocities of from 2. to 2.25 feet per second. The deposition of silt, however, obviously 
depends on tlie quantity and specific gravity of the matter held in suspension ,by the water 
coming from above, and the ratio of the current velocities at  different points along the 
channel. 



He states, from observations on the channels of the Baree Doab Canal, that in sandy 
soil " 2.7 feet per second appears to be the highest mein velocity for non-cutting as a general 
rule, for there are soft places where the bed will go with almost any velocity ; but those sorts 
of -places oan be protected." Again, " Bad places might be scoured out with a mean velocity 
of 2.5 feet per second, but better soil would be deposited in place of the bad with a slightly 
smaller velocity than 2.5 feet; and as the supply is not always full, there mould be no fear of 
n o t  etting that slightly smaller velocity very frequently. The good stuff thus deposited waul% not be moved again by any velocity which did not exceed 2.5 feet per second.'' 

I n  Neville's Hydraulics," 0.83 or 1.17 feet per second are mentioned as the lowest 
mean velocities which will prevent the growth of weeds. This, however, will vary with the 
nature of the soil ; vegetation also is much more rapid and vigorous in a tropical climate than 
where Mr. Neville made his observations. 

In  Captain Humphrey's and Lieutenant Abbott's report on the Mississippi, 1860, it is 
mentioned that the alluvial soil near the mouth of the river cannot resist a mean velocity of 
three  feet per second ; and that in the Bayou La Fourche, the last of its outlets, which resembles 
an artificial channel in the regularity of its section and general direction, and the absence of 
eddies, &c., in the stream, the mean velocity does n o t  esceecl three feet per second, and the 
banks are not abraded to any perceptible extent. - - 

From the foregoing and other observations, which i t  would encumber this paper too 
much to place on record here, and taking into consideration that the higher the velocity the 
less the works will cost, I think the following may be taken as safe mean velocities with 
maximum supply in the Ganges Canal channels. 

1. I n  the Ganges valley above Roorkee three feet per second. 
2. I n  the sandy tract generally between Roorkee and Sirdhanna, 2.7 feet per second. 
3. I n  very light sand, such as that met with at  the Toghnlpoor sand hills, not higher 

than 2.5 feet per second. 
4. And for the channels south of Sirdhanna, 3.0 feet per second. 
On the branches the same data to be assumed according to similarity of the soil. 
There are soils, as Captain Dyas has noted, such as light quicksand, which mill not 

stand velocities of even 1 foot or 14 foot per second, but these are never found to any great 
extent in one place : erosion there can only have a local influence, and such places can be 
protected at a trifling expense. I t  is channelling out on long lilies which is to be feared. 



APPENDIX E. 
VERTICAL FALLS WITH GBATTNO. 

The grating consists of a number of wooden bars resting on an iron shoe built into t h e  
crest of the fall, and on one or more cross beams according to the length of the bars. Theae 
bars are laid at a slope of 1 in 3, and are of such length that the full supply level of the  
water in the canal tops their upper ends by half a foot. The scantling of the bars as well 
as that of the beams should of course be proportioned to the weight they have to bear, 
plus the extra accidental strains to which they are liable, from floating timber for instance, 
which may possibly pass between the piers and so come in contact with the grating. In 
consideration of strains and shocks of this nature the supporting beams are set with their 
line of depth at  right angles to the bars instead of vertically. 

2. The dimensions of the bars used on falls of the Baree Doab Canal; where the depth 
of water is 6.'6 feet, are as follows :- 

Diynr wood. 
Lower end of bars 0.50' broad x 0.75 deep 
Upper end of bars 0.25' broad x 0.75 deep 

and they are supported on two Diyar beams each measuring 1 foot in breadth x 1.5 foot in 
depth ; the first beam being placed at  a distance of 7.5 foot (horizontal measurement) from 
the crest of the fall, and the second 7.5 foot beyond the first beam. The bars of the 
gratings on these falls were originally placed touching each other (side by side) at their 
lower ends, as there was not then a full supply of water in the canal. There were thus 20 
bars in each 10 foot bay. Since then the number of bars has been successively reduced to 
19 and to 18, the present nnmber. The reduction of the number of bars and the equal 
spacing of the remaining bars is done with ease, as they can be pushed sideways in the iron 
shoe and along the beams, to which latter they are held with spike-nails. Once the correct 
spacing is arrived at, cleats and blocks (ss shown in the drawing) are preferable to spike- 
nails. 

3. The end elevation of the bars, s c ~ l e  i t h  full size, shows the way in which the barn 
are undercut from the point where they leave the shoe, i. e., from the crest of the fall. This 
nndercutting has the effect of making each space as it were '' an orifice in a thin plate," 
and it facilitates the escape of small matters which may be brought down with the current. 
Large rubbish which accumulates on the grating is daily raked off and piled on one side of 
the fall. This is done by the establishmeut kept up for the neighbouring lock. There is 
considerable advantage in thus clearing the canal of rubbish which would otherwise stick in 
rajbuha heads or piers of bridges, &c., or eventually ground on the bed of the canal and 
become nuclei of large lumps and silt banks. 

4, As one main object of the grating is to prevent the stream above the fall to which 
i t  is fixed from knowing that there is such a thing as a fall anywhere below it, the princi- 
ple to go on in spacing the bars is to arrange them so that the velocity of no one thread of 
the stream shall be either accelerated or retarded by the proximity of the fall. This effect- 
ed, i t  is evident that the surface of the water must remain at its normal slope, parallel to the 
bed of the canal, until i t  arrives at the grating. The half foot by which the water tops the 
bars of the grating above described causes a sudden drop there, but the acceleration to the 
current resulting from so small a fall as this is not practically felt to any distance back from 
the fall. 

5. To take an example, let us assume that V (mean velocity) = 0.81 c. (surface 
velocity) and U (bottom velocity) = 0.62 v. (surface velocity) in every vertical line of the 
current flowing naturally. Then, if we make V = 2.5 feet per second, we shall have the 
following velocities at  the given depths below surface in a stream 6 feet deep. 

Remarks. below surfwe. Velocities : feet per 
second. 

6. Whet is required, then, is to shape the sides of a given nnmber of bars placed in a 
given width of bay so that the above velocities may be maintained till the water touches the 
grating, when in consequence of the clear fall the velocity becomes considerably accelemted. 
This accelerated velocity multiplied by the reduced area (of space between the bars) should 

Surface .................. 0 
1' 
2. 

Centre .................. 8' 
4' 
6' 

Bottom .................. 6' 

3.08641 
2.8909 
2.6955 
2.5000 
2.3016 
2.1091 
1.9136 

7 

1 Common Weronce 0.1956 nearly. 

I 



give the same discharge, with the canal running full, as the products of the original normal 
velocity and the original nndiminished space, the width of which is of course the distance 
between the centre of two contiguous bars. 

7. Thus, taking the Iowest film (along the bed of the canal) whose normal velocity is 
1.9136 feet per second, and supposing 20 to be the number of bars in each 10 feet bay, 
then the undiminished space for each portion of the stream will be half a foot, which multi- 
plied by the above velocity gives a product of 0.9568. Again, taking the same lowest film 
as i t  passes through the grating, with a clear fall, and under a head of pressure of six feet, 
we find its velocity to be 19.654 feet per second. Now, if we call the required width of 
space between the bars at this point q and assume the co-efficient of contraction to be 0.6, we 

shall have z, = - 0.9568 ---- = 0.08. 19 .65 .E~  0.6 
8. Similarly taking the film on the level of the tops of the bars, or 0.'5 below the 

snrface of the water, the normal velocity of which is 2.9887, the undiminished space being as 
before W.5, we get a product of 1.4944 ; and as the velocity of the film falling through the 
bars is 5.673 feet per second, we get 

xt = 1.4944 - O..*. 
5.673 X 0.6- 

9. And lastly, taking the centre film, the normal velocity of which is 2.5 feet per 
second we have a product of 1.25, and as the velocity of the same film   as sing through the 
grating is 13.89 feet per second, we get 

1.25 
= 13.89 x 0.6 

= Of.15. 

10. Hence i t  is seen that the sides of the bars should be cut to e curve convex towards 
the open space, but in practice this nicety is scarcely requisite. 

The effect of cutting the bars straight is of course to increase the discharge throngh the 
centre of the grating, and to diminish i t  a t  the surface. 

But this is not found objectionable in practice, for, as mentioned in para. 4, the snrface 
velocity has already been somewhat accelerated by the half foot drop at  the top of the 
grating, and in consequence of the tendency of the lower part of the grating to clog with 
matter brought down by the current, there is no risk of undue acceleration to the bottom 
velocity. 

11. Niceties of detail have not been gone into in the foregoing calculations. For 
instance, the natural &minution of tho velocity from the centre towards the side of the 

H 2 



earthen channel has not been taken into account, nor have the obstructions caused by the 
piers, the slope of the grating, and the accelerating effect (on the velocity through the 
grating), of the velocity of approach. The object of this paper is merely to indicate the 
general principle of the arrangement. Those who may have to fix gratings to falls would 
of course work out all needful details for themselves, according to the peculiar circumstances 
of each case; and should practice afterwards show that the theoretical spacing requires 
correction, the requisite re-adjustment of the bars is, as explained in para. 2, a very simple 
matter. 

12. The above remarks have been limited to a consideration of the effect caused by the 
grating on the channel above the fall. Its effect on the channel below the fall is equally 
important, but this may be gone into separately. For the present it may suffice to remark 
that the formula in use on the Baree Doab Canal for the lower bed of the channel ia - - -  

in which equation 

x is the required depth of cistern 

h, the height of fall, or the difference of level between the surface of the water above 
the fall and the surface of the water below it, 

and d, the full supply depth of water in the channel. All the cisterns with depths 
thus obtained have answered admirably, having never required the slightest repair since they 
were built. 

13. Another point may be mentioned as worthy of particular attention. The diminn- 
tion of the waterway immediately under the grating and below the fall by the numerous 
piers of these falls as built on the Baree Doab Canal holds up the water, and causes it to 
rush out from the bays with considerable velocity. I t  might be found advantageous to tnrn 
arches through these piers, so as to give the water free side-play, or perhaps even to support 
the gratings and pathway on iron piles instead of on brickwork piers. In  this case the road 
bridge if founded on piers of brickwork should be moved lower down to the point where 
the wideniug of the protected portion of the channel is greatest. The cisterns also, instead 
of ending abruptly with a vertical wall, might have their bottoms connected with the bridge 
flooring by a long counterslope so as to give the fallen water more room and time to get 
into the true normal velocity of the current in the open channel. 

J. 31. DYAS, Caytain, R. E. 
Dalhousie, 30th July! 1864. 
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APPENDIX F,-(conf inzted). 

LEVELS OF THE SURFACE OF SPRINGS ALONG THE LINE OF THE GANGES CANAL. 
V1 a 
r, 

5% 
W L. 

% 
% 

106 

108 

l08# 

310 

110i 
117 
120 
123 
125 
3284 
132 
134 
138 
139 
143 
145 
149 
152 
159 
162 
172 
175 

2 
8 

12 
17 
21 
23 
30 
83 
37 
40 
43 
45 

Distance from 
edge 

Right 
Bank. 

-- 

500 
1500 

1200 
100 

600 

83 
213 
97 

156 
2.70 
121 
344 
228 
346 
68 

307 
427 
330 
154 
89 

of Canal. 

Left 
Bank. 

I 
i 

4.00 

300 

Reduced 

Surface 
Springs. 

-- 
R. 430.29 
L. 43064 
R. 434.47 
L. 433.75 

434.68 
R. 439.74 
L. 435.25 

434.37 
445.95 
450.37 
454.06 
457.08 
462.23 
466.50 
468.23 
474.50 
476.27 

R. 479.23 
R. 482.29 
L. 492.37 

494.80 
R. 503.85 

503.30 
521.05 
525.09 

Cawnpoor 

533.83 
54.5 85 
650.82 
556.12 
562.62 
5G4.48 
573.38 
576.44 
533 89 
59:1.6.5 
693.38 
505.80 

-- 
Bed of 
Canal. 

- 
43i.30 

43fi.05 
436.04 

437.90 
437.m 
449.32 
451.34 
455.21 
457.61 
460.33 
467.93 
470.20 
474.78 
475.79 
479.41 
481.26 
491.59 
491.65 
498 06 
507.72 
524.89 
529.34 

Branch. 

539.12 
546.85 
551.81 
559.57 
565.08 
FG4 97 
574.65 
577.07 
58401 
586.85 
590.41 
592.15 

Remarks. 

A t  Raolee Bridge. 

At Bolundshuhur Branch Head. 
Near Jarcha Bridge. 
Near Qusopoor Bridge. 
Near Sunowta Bridge. 

At Dumkoura Bridge. 
Near Urrowlee Bridge. 
Near Wallipoora Bridge. 
Near Manun Bridge. 

Near Moonda Khera Bridge. 
Near Suhtsnda Bridge. 
Ncar Pulra Falls. 
Near Roe1 Branch Head. 
Near Burolee Bridge 
Near Dubthulla Bridge. 

Near Chungeyree Bridge. 

Above 
bed. 

-- 
5.01 
4.66 
3.55 
4.30 
1.36 

2 . ~ 5  
3.27 
3.37 
0 97 
1.15 
0.53 
... 

1.43 
1.97 
0.28 

d:i8 ... 
... 
... 
. .. 

4 42 
3.84 
4.28 

i.OO 
0.49 
3.45 
2.46 
0.49 
2.27 
0.63 
1.19 
... 
... 
... 

Springs. 

Below 
bed. 

- 
... ... ... ... 
0.k 
... ... 
... 
. . . ... 
... 

1.90 ... ... 
0.i8 
... 

1.03 
0.78 
0.15 
5.79 
... 
... 
... 

0.71 
... ... 
... 
... ... 
... ... 

6.77 
2 9E 
3.68 



APPENDIX a. 
Statement of outlay on t i e  Gange8 Canal Work8 from commmcemmt up to 30th April 1863.  

Upper Central ... 

Division or Section 
in which charges 
were made. 

From commencement 
up to 31ot July 
1854. 

Northern, including 
materinl . . . . . .  

Lower ,, ... 
Cawnpoor . . . . . .  
Etawah . . . . . .  

OBIQIHAL WOBPS. 

Superintendent Ge- 
... neral's Office 

Total up to 31st 
July 1854 ... 

Main Liue. 

R s . b . P .  

7422,212 14 11 

From 1st Augt. 1854 
to 30th April 1863. 

h'orthern, including 
navigation and 
nateriale ... 

Ordinary Re- 
p""' 

A . P .  

1,14,476 6 6 

... Upper Central 

Plantations. 

B s . 8 . P .  

8,280 15 0 

Rajbahaa. 

Ba A . P .  

... 

Lower ,, ... 

Cawnpoor 
Branch. 

l b . A s . P .  

...... 

Cawnpoor . . . . . .  
Etnwah . . . . . .  
Superintendent Qe- 

... neral's O5ce 

is Totals .. 

p ~ f f i " ~ ~ ~ ~ M .  

Hs. A . P .  

33,112 2 6 

Etawah 

R s . h a . P .  

...... 

Futtehgurh 
Branch. 

R a . B s . P .  

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

23,332 12 11 
Koel Branch. 
1,463 4 0 1 

...... 

Boolandshuhur 
Rranch. 

R s . b . P . R s .  

...... 

...... 41.971 2 11 ...... ...... 6.82.572 6 8 1,94851 13 6 6.15.065 8 7 15,267 3 9 15,140 13 6 1,94,457 9 1 17,69,326 8 11 

...... 71,976 rn 0 ...... ...... ...... Koel Branch. 3,14644 2 8 11,38,745 11 8 47,238 4 3 I ( 42'i: ) 3,48,668 2 7 20,61.351 12 4 216 4 2 ...... ... ... 3,19,114 15 8 ...... ...... 2,17,534 7 4 5.55.960 9 10 28,020 13 3 16,356 7 4 2,58,465 7 1 18,95,452 12 6 

...... ...... ...... ) "".' 1,59,105 3 6 3,93,610 8 9 26,527 2 6 15,229 4 6 2,62,154 6 ...... 6,657 13 11 
6 13,443,045 10 11 

...... ...... ...... ...... ...... ... ...... ...... ...... ...... ". 3,62,609 7 0 3,52,609 7 0 

8,62,490 10 3 3,19,114 15 8 4,96,976, 16 2 6,82,572 6 8 81,854 8 11117,43,967 3 10/31,43,516 3 6 1,45.828 4 101 ...... 1,90,219 9 3 18,81.906 4 1 9488,446 1 1 

#Contingencies. 

Rs. A . P .  

39,125 14 4 

The aggregate of thew two columns hae been taken as "Contingencie8." 

Establishment. 

Ik A . P .  

499,906 10 4 

T O W .  

Ra A . P .  

81,17,114 15 0 













... Ditto Aims Bridge . ... Ditto Up r Railway  ridge::: r Ditto Du owli Bridge ... ... 
Ditto ditto locks ... ... 

... Ditto Duknapoor Bridge and others ... Ditto Ghats at Cawnpoor ... Ditto Upper locks ... 

... Ditto General Gunj Bridge ... ... ... Ditto No. 3 lock ... 
3rd Clsss Chokiea . . .  ... 

Add 6 per cent. for Contingenciee ... 

... Add 7 per cent. for Establishment 

... Total ... ... 

... Gtrand Total above Roorkee ... 

... Do. do, from Roorkee to Nanoon 

... ... Ditto Cawnpoor Branch 

Grand Total Remodelling ... 



ALTERNATIVE LINE . 

No . OF 
EACH . 

1 
1 
1 
9 
2 
1 
1 
1 

. 1 ... 
7 ... 

... 

... 
1 
2 
1 
2 
4 
5 

19 

GENERAL ABSTRACT OF ESTIMATES 

DESCRIPTION . 

Section No . 1 . 
Excavation ... ... ... ... ... ... 
Regulator at ~ o o r k &  ... ... ... ... ... ... 
Ditto for Junction line ... ... ... ... ... 
Falls 6 feet, 11 bays of 15 feet, roadwai.18 feet ... ... ... ... 
Ditto ditto ditto 20 ,, ... . . ... ... 
Ditto 6 ditto 14 feet on junction ... ... ... ... 
Fall escape and dam bridge ... ... ... ... ... ... 
Ditto on escape into West Kalee Nuddy . . ... ... ... ... 
Aqueduct upper crossing West Kalee Nuddy ... ... ... ... 
Ditto lower ditto d i t a  ... ... ... ... 
Bridges, 4 arches of 51 feet span. roadway 18 feet ... ... ... 
Ditto ditto ditto 20 ,, ... ... ... 
Ditto ditto ditto ... 25 ,, ... ... 
Ditto 3 ditto 40 ditto on junction ... ... ... ... 
Culvert, 2 arches of 20 feet ... ... ... ... ... ... 
Ditto, l a r ch  o f l o f e e t  . .  ... ... ... ... ... ... Inlet for drainage ... ... ... ... ... ... ... Rajbuha outlets ... ... ... ... ... ... 

... 1st Class Chokies ... ... ... ... ... ... . . . . .  2nd do do ... ... ... ... ... ... . . . . .  3rd do do ... ... ... ... ... ... 

Add 8 per cent . for Contingencies ... ... ... 

Add 7 per cent . for Establishment ... ... ... 
Grand Total Rupeee ... 

N o . 0 ~  

Edi- 
plan . mate . 7- 
V I I  
X 23 
,, 24 
,, 26 
,, 26 
,, 27 
,, 28 
,, 29 
,, 30 
,, 31 
,, 32 
,, 32 
,, 32 
,, 33 
,, 35 
,, 38 
,, 35 
,, 37 
1, 

J, 38 
,, 38 

98 
99 

100 
101 
102 
103 
104 
1041 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
... 

l i  

. 

COST OF EACH . 

... ... ... 
89,649.56 
90,94 2.38 ... 
... ... 
... 
... 

22,446.08 
... 
... 
... 

li:k72.72 

1.410.78 
3J200.00 

800.00 
363.31 

... 

... 

... 

TOTAL . 

19.07.85 6.56 
96.632.06 
88.560.89 

8,06.X46.04 
1,81,884.76 

53. 7 35-04 
1.24. 182.56 

47,453.92 
1,25.912.00 
2.78. 521'53 
3,57.123.56 

23,741.46 
26.8Y0.24 
11,91 8.28 
34.041.64 
22,945.44 

1,824.48 
2, 821.56 

12,800.00 
4,000.00 
6,44 9.65 

40,15,210.62 
3,111,216.84 

43,36.42 7.46 
3.03,549.92 

46,39, 977.88 

DUE TO 

Irrigation . 

19,07,936.56 
69,523.92 
72,321.84 

6,18.762.70 
1,17,88 0.60 

21.705.78 
90,182.58 
47,453.92 

1,25,912.00 
2.78, 521.53 
1,46,231.96 

22,02 3.24 
24,906.12 

9,843.51 
31,041.64 
22,045.44 

1,824.48 
2,821.56 

12,800.00 
4,000.00 
5.449.65 

35,37,109.01 
2,82,968.72 

38,20,077.75 
2,67,405.44 

40,87,48 3.17 

Navigation . 

27.108.14 
16,239.00 

2,88,083.34 
64,004.16 
52,009.26 
34, 000~00 

10. 890.60 
1, 7 18.22 
1. 974'1 2 
2,07 4.1 2 

- 
4,78,101.61 

38,24 8.13 --- 
5,16,349.73 

36,14 4.48 

6,62,494.%1 



Section No. a. 

V I I  
X 26 
,, 25 
,, 33 
,, 33 
,J 33 
JJ 

JJ 

,, 34 
,, 34 
,, 29 
,, 37 
,J 

,, 38 

Excavation ... ... 
Falh 6 feet, 7 b a g  of 16 fee( 'madway 18 feet ... 
Fall escape and branch head for Boolundshuhur branch 

... Bridges, 3 arches of 40 feet span, madway 25 feet ... Ditto ditto ditto ditto 20 ,, ... Ditto ditto 40 ditto ditto 18 ,, 
Syphom for drainage, 2 arches of 10 feet ... 
Culvert, 1 arch of 15 feet ... ... ... 
Bridge on eacape, 2 arches of SO feet, roadway 25 feet ... 

Ditto ditto ditto ditto 33 ,, ... 
Fall on escape at  tail ... ... ... 
Rsjbuha outlets ... ... ... ... 
2nd Class Chokiee ... ... ... 
3rd Do. do. ... ... ... 

98 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 

16 
Total of Section No. 2 

Add 8 per cent. for Contingencies ... ... 

... Add 7 per oent. for Establishment ... ... 
Grand Total Rupees ... 

Section No, 3. 

Excavation ... ... 
... Ealls 6 feet drop,' 6 bay8 of feet, r ~ a d ; ~ ~  18 feet ... 

... Ditto ditto with deep foundations on wells, roadway 20 feet 
Fall and branch head for Koel Branch on well foundation ... 
Bridges, 3 archa of 35 feet span, roadway 18 feet ... ... 

Ditto ditto of 35 roadway 18 feet with deep foundations on wells 
Ditto ditto of 35 feet span, roadway 20 feet ... ... 
Ditto ditto with deep foundations on wells ... ... 

Carried over ... 



ALTERNBTIVE LINE. 
General Abstract of Estimatc8,-continued. 

- - - -  

NO. OF I 1 

... I - Brought forward 

mi- 

Bridges, 3 arches of 35' span, i-odway 25: with deep foundations on wells ... ... ... Syphon for drainage, 2 arches of 10 feet ... 
Ditto ditto 1a rchof lOfee t  . . . .  ... ... ... 
Rajbuha outlets ... ... ... ... ... 

... 2nd Class Chokiee ... ... ... ... 
3rd do. do. ... ... ... ... ... 

No. OF 
EACH. 

Total of Section No. 3 ... ... Add 8 per cent. for C-onthgenciea ... ... 

... I Add 7 per cent. for Establishment ... . . 
Grand Total Rupees ... 

Section No. 4. 

... 1 1  I  TO^ of Section NO. 4 

1 
I 
5 
4 
1 
5 
2 

Corn OF EACH. 

... Excavation ... ... ... . . 
Fall 4 feet, 5 bays of 15 feet, roadway 18 feet, with deep foundations on wells.. . 
Bridgea, 8 arches of 30 feet, roadway PO feet, ditto ditto ... 
Bridges, 3 arehes of 80 feet, ditto I 8  , ditto &tto ... ... Syphon for drainage, 2 arches of I 0 feet ... ... ... 

Ditto 1 arch of 3 feet ... ... ... ... 
... Rajbuha outlets ... ... ... ... 

!,?ma & Irrigation. Navigation. 

... ... ... ... 2nd Class Chokiee . . ,  ... 3rd do. do. ... ... ... .. . ... 
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1.44. 73f3.00 

86.093.00 

48.455.20 

12.728.32 

47.080.60 

21.492.36 

27.200.06 

14.303.80 

7.130.84 

6.543.62 

9.497.52 

2,932.01 

8.09 1.36 

30.531.12 

1.00 8.68 

11,625.92 --- 
21.97.24 0.63 
1.76. 779.25 

23.73. 019.88 
1.66. 111.39 

25.39. 131.27 

X 41 

35 

38 

36 

38 

36 

38 

r 

169 

... 
160 

160 

161 

... 
162 

163 

164 

165 

166 

267 

168 

169 

170 

115 

5.789.44 

6.149.50 

6.058.90 

6.364.16 

6.725.80 

7.164.12 

13.600.03 

7.151.90 

3.376.78 

1.84 7.84 

1.187.19 

... 
4.045.68 

1.327.44 

... 
363.31 

... 

... 

... 

25 

14 

8 

2 

7 

3 

2 

2 

3 

3 

8 

1 

2 

23 

1 

32 

Ditto. ditto. ditto 18 2. ... ... ... 
Ditto ditto with deep foundations on w e h  ... ... ... 
Ditto 1 arch of 34 feet. roadway 20 feet ... ... ... 
Ditto 1 arch of wide deep foundations on we& ... ... 
Ditto 1 arch of 34 feet. roadway 25 feet ... ... ... 

... Ditto ditto with deep foundations on wells ... ... 
Culverts for drainage. 2 arches of 20 feet ... ... ... 

Ditto ditto 2 archee of 10 .. ... ..a ... 
Syphons for ditto 1 arch of 10 .. ... ... ... 
Ditto ditto 1 arch of 6 .. ... ... ... 
Ditto ditto Z arch of 3 .. ... ... ... 
Ditto ditto 2 arches of 6 .. ... ... ... 
Ditto ditto 2 arches of 10 .. ... ... ... 

Rajbuha Syphons 1 arch of 6 .. ... ... ... 
Water-course ditto 1 .. 3 .. ... . . . .  ... 
3rd Class Chokies ... ... ... ... ... ... 

Add 8 per cent . for Contingencies ... ... ... 

Add 7 per cent . for Establishment ... ... ... 
Grand Total Rupees .. 



Plan. Estimat 7- 

140 1 

MISCELLANEOUS ESTIMATES. 

Feet. 

Girder Bridges ... 65 span. 

Ditto ... 30 .. I 
Towing paths ... I 2 wide. 

Ditto ... ... 7 ,, 

... ... Ditto 7 ,, 

... for Cawnpoor Branch 

Comparison cost of iron 
and 

Wooden and stone gratings 

Falls on allernalive line. 

11 bays of 15 feet without 
locks ... ... ... 

... With locks ... ... 
Cockage in present MuRmoo(poor 

Falle. 

Raising Sounda Bridge with 
masonry arches ... 

Temporarg fall on diversions I I 
Temporary diversions of m J n  

... line above Jowlie ... 

Feet. 

15,339.56 

... Ditto ditto below Jowlee ... 
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CLASSIFICATION OF COST. 

ALTERNATIVE LINE. 

Falls and regulatmg bridges ... 1 13,99,275.22 1 
Drainage works, aqueducts, culverts, 

... &c. ... ... 4,63,245.09 

Irrigation outlets, &c., ... 1 2,821.56 1 
Accommodation buildings ... 22,249-65 -- 

40,15,210.62 

Contingencies ... ... ... 1 4,81,893.75 

... Establishment ... ... ( 4,55,38gm59 

Grand Total Rupees ... 1 69,60,955-50 

SEPARATE NAVIGABLE LINE. 

DF,SCBIPTION. 

Earth-work ... ... ... ... ... 
... Lockage, including level chambers ... ... 

Bridges ... . . .  ... ... ... 
... Drainage works, aqueducts, culverts, syphons, &c. ... 

Irrigation culverts ... ... ... ... 
... Accommodation buildings ... ... ... 

Total ... 
Contingencies ... ... ... 
Establishment ... ... ... 

Grand Total Rupees ... 
.- 

COST. 

7,91,85gS23 

8,13,204.82 

3,65,864.78 

1,83,146-08 

31,539.80 

11,625-92 - 
21,97,240a63 

1,75,77ga25 

1,66,111.39 -- 
25,39,13Im27 
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NOTES TO THE ESTIMATES. 

All measurements are in English feet and decimals. 

Cost in Rupees and decimals. 

The cost of overfalls at  the termination of the Khutowlee, Aboo Nulla, and Jannee 

Khoord Escapes on the main line of the Ganges Canal, have been omitted in the estimate for 

remodelling. They formed part of the original projection, but I was not aware, until these 

estimates had been completed, that they had not yet been built. As they will ultimateIy 

be necessary to the efficiency of the Escapes, their probable cost-h. 47,500 each, or 

Rs. 1,42,500 in the a g g r e g a k h o n l d  be added to the estimate. 

J. CROFTON, Captain, R. E. 
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G A N G E S  C A N A L .  

REMODELLING ESTIMATES. 

ESTIMATE NO. 1 .-EXCAVATION. 
I 

CONTENTS. GBAND 
TOTAL. TOTAL. 

N o . o ~ L l u l . L . 8 : D . I  I 1 
1 
2 
9, 

: 
4 
5 

6 
J )  

7 
8 
IJ 

9 
1 0  
29 

JJ 

11  
12 
13 

ik 
ik 
$9 

ib 
JJ 

20 
2 1 

di 
23 

e'i 
25 

26 
27 
J ,  

i'8 
29 
~9 

s'b 
31 
32 
JJ 

i 3  
34 
36 

13,320,787 

8,285,409 

17,366,256 

28,009,840 

34,916,823 

24,437,236 

126,336,3511 
~ 

211,200 
161,800 
232,800 

1,126,107 
5,227,200 
2,929,680 
3,432,000 

161,200 
1,866,s 12 
2,077,551 

718,584 
550,602 
749,760 
8 1 1,900 
200,000 

1,149,500 
-- 

P,036,160 
3,986,WO 
1,101,636 

67,284 
2,952 

1,857,000 
107,700 
19,800 

35 1,000 
910,128 
926,796 

3,658,500 
95,400 

5,311,800 
4,757,280 
3,144,490 
1,202,850 
6,320,160 
3,519,360 - 
5,008,976 

166,200 
9,131,047 

10,554,720 
76,800 
46,800 

5,761,080 
4,171,200 

- 
5,728,800 

2 10,-1.9 U 
34,800 

3,047,346 
3,414,240 
3,514,680 
8,426,880 - 

. .. 

5,180 
4,045 

300 
638 

5,280 
4,680 
5,280 

248 
4,232 
4,711 
1,896 
2,363 
5,280 
3,530 

400 
950 

5,280 
5,280 
3,879 

801 
2 8 

4,952 
300 
MOB 

4,680 
1,07!2 
2,028 

3,25% 
600 

4,680 
6,280 
3,490 

990 
5,280 
4,680 

5,280 
1,109 

300 
3,57 1 
5,280 

300 
300 

4,680 
5,280 

5,280 
194 
400 

4,286 
5,2YO 
4,680 
5,380 

Area. 

40 
40 

776 
1,779 

990 
626 
650 

650 
44 1 
441 
379 
234 
142 
230 
500 

1,210 

1,522 
755 
284 
84 
84 

375 
359 
6 6 
75 

849 
457 

1,125 
159 

1,135 
901 
90 1 

1,215 
I ,I 97 

753 

E 1 
554 

2,557 
1,999 

256 
156 

1,231 
790 

1,085 
1,085 

87 
711 
6.58 
751 

1,596 

Carried over . . . 



No. oa MILM. 

( 2 ) 
ESTIMATE No. 1 .-EXCAVATION,-continued. 

. -- 
- - 

G w  1 L. 1 I3 1 D. 1 COYTEX~ .  1 Tmu. 1 TmAr 
---. 

Brought forward . . . . . . 126,336,351 

Area. 

6,280 1,577 8,326,560 
6,2HO 840 4,435,200 
6,280 739 3,90 1,920 

414 739 305,946 
300 157 47,100 

4,266 1,761 7,512,426 
5,280 1,625 8,580,000 --- 33,109,152 
6,280 555 2,930,400 
5,280 
1,936 944 944 1 6,811,904 

400 1 93,200 400 
2,544 1,696 4,314,621 
5,280 1,458 7,698,240 

300 
300 3 3  75,600 

4,680 782 3,659,760 
25,583,728 

6,280 644 2,872,320 
300 7 5 22,500 

4,680 1,179 5,517,720 
5,280 608 3,2 10,240 
1,513 608 798,301 
3,167 1,121 3,550,207 
5,280 1,221 6,446,Y80 -- 22,418,171 
4,680 690 2,761,200 
5,280 966 5,100,480 
2,380 258 614,040 
2,900 5,100 14,790,000 
2,047 25 8 528,126 
2,633 82 215,906 
4,680 359 1,680,120 -- 25,689,872 
4,576 359 1,642,784 

304 601 152,501 
96 601 48,096 

6,l 86 1,003 5,199,552 
5,280 643 2,867,040 

300 
300A 1:: } 56,400 

4,680 815 3,814,200 
6,250 806 4,253,680 

18,036,056 
6,280 168 887,040 
5,280 327 1,726,560 
1,592 327 520,585 

300 321 96,300 
3,OSS 1,369 4,227,472 
5,280 5 94 3,136,320 
4,680 996 4,661,280 

15,255,556 
5,280 803 4,239,840 
6,280 814 4,297,920 

--- -- 
Carried over . . . 8,537,760 266,428,886 

I - 



( 3 )  
ESTIMATE No. 1.-EXCAVATION,-continued. 

No. OF MILE. 

68 
a, 

i'9 
7 0 

71 
7 3 
7 3 
74 
75 

7 6 
7 7 
7 8 

,J 

ii, 
80 

81 
82 
83 
84r 
85 
I, 

86 
87 
88 
89 
90 
n 
2, 

9 1 
93 
93 
94 

rik 
96 
97 
98 
99 

I& 

101 

16'2 
103 
104 
105 

GRAND 1 T m u .  ' 1 
266,428,886 

20,235,480 

8,760,480 

10,353,360 

6,503,498 

5,455,470 - 

8,208,780 

6,584,760 

5,278,320 - - - -  
337,809,034 

I. 1 B. 1 D. 1 C o r n  

1,950 
4Q0 

2,530 
5,280 
5,280 

5,280 
4,680 
5,280 
5,280 
4,680 

5,280 
5,280 

300 
300 

4,880 
5,280 
4,680 

5,280 
5,280 
4,680 
5,280 
1,101 
3,379 

5,280 
6,280 
4,680 
5,280 
3,490 

300 
1,190 

5,280 
5,280 
5,280 

300 
4,680 
6,280 

6,280 
4,680 
5,280 
2,130 
2,550 
6,280 

4,080 
300 

5,280 
5,280 
4,680 
6,280 

Brought forward ... 
Area. 

814 
894 

1,290 
525 
704 

377 
459 
454 
229 
217 

631 
306 

I,6 6 0 1 
493 
442 
265 

390 
461 
173 
60 
6 0 

242 

310 
320 
100 
9 8 
98 

177 
629 

469 
290 
290 
117 
890 
243 

342 
290 
290 
290 
230 
230 

270 
44 

162 
162 
230 
230 

8,537,760 

1,587,300 
357,600 

3,263,700 
2,772,000 
3,717,120 
-- 

1,990,560 
2,148,120 
2,397,120 
1,?09,120 
1,015,560 
-- 

2,803,680 
1,615,680 

52,800 

2,307,240 
2,333,760 
1,240,200 

- 
2,059,200 
2,4:31,080 

809,640 
3 16,800 

66,060 
817,7 18 -- 

1,636,800 
1,6H9,600 

4.68,000 
5 17,440 
342,020 
53, I00 

748,510 

2,476,320 
1,531,200 
1,531,200 

35,100 
1,357,200 
1,27 7,760 

1,277,760 
3,357,200 
1,531,200 

617,700 
586,500 

1,214,400 

1,263,600 
13,200 

855,360 
855,360 

1,076,400 

Carried over ... 



( 4 )  
ESTIMATE No. 1 .-EXCAVATION,-conti~ued. 

(3- No. OF MILE 1 L. 1 33. 1 D. 1 Comnm. ( TOTAL. 1 
Brought forward . . . . . . 337,809,034 

Area. 

106 2,712 230 623,760 
,, 400 ' 169 67,GOO 

1,768 602 887,538 
l'd7 800 169 60,700 

2, 4,680 730 5,416,400 
300 96 28,800 

1:s 6,280 440 2,323,200 
109 4,680 306 1,4Y f ,080 
110 5,280 404 2,133,120 -- 10,963,196 
11 1 300 137 41,100 

J ,  1,446 404 684,184 
3,234 2 1 67,914 

6% 5,280 2 1 I 1o,t180. 
113 6,280 21 110,8bO 
114 4,680 2 1 98,280 
115 5,280 21 11 0,880 

1,124,118 
116 6,280 21 11 0,880 
117 3,038 2 1 63,798 

1,642 214 351,388 
li'8 6,280 214 1,129,920 
119 5,280 214 1,129,920 
120 4,680 214 1,001,520 

3,787,426 
121 5,280 2 14 1,129,920 
122 5,280 214 I,] 29,920 
123 4,680 2 14 1,001,520 
124 5,280 214 1,29,91&0 
125 6,280 2 14 1,129,920 

6,521,200 
126 2,927 Ill4 626,378 

1,753 131 229,645 
li'7 5,280 131 691,680 
128 5,280 131 69 1,680 
129 4,680 131 613,080 
130 6,280 131 691,080 

3,544,141 
131 5,280 131 691,680 
132 4,680 131 61 3,080, 
133 6,280 131 , 69 1,680 
134 3,773 131 494,132 

908 269 244,252 
1;s 5,280 267 1,409,760 

4,144,584 
136 6,280 313 1,652,640 
137 6,280 262 1,383,360 
138 4,680 245 1,146,600 
139 6,280 245 1,295,600 
140 4,680 245 1,146,600 - 6,622,800 
141 6,280 245 1,293,600 
142 5,280 245 1,293,600 
143 212 245 6 1,940 

18 300 330 99,000 
,, 4,468 612 2,734,416 -- -- 

Carried o m  . .. 6,472,666 373,516,499 
I 



( 6 ' )  

ESTIMATE No. 1 .-EXCAVATION,-cuntinued. 

G x ~ s n  

--- 

-- 

No. OF M l n .  1 

144 
145 

9, 

Y, 

146 
147 
148 
149 

J, 

,, 

1:0 

151 
152 

1:s 
154 
155 

156 
157 
158 
159 

1, 

l i 0  

161 
162 
163 
164 

6 5  

166 
167 
I) 

Yi8 
169 
170 

171 

li'2 
173 
174 
17 5 

176 
a, 

177 
178 

TOTAL. 1 
373,516,499 

12,235,086 

11,321,203 

8,133,740 

8,975,769 

4,801,572 

5,273,974 

4,614,240 

-- 
428,875,033 

L. 1 
5,250 

300 
4,680 

30 0 

5,280 
5,280 
5,280 
3,461 

400 
401) 

1,019 
, 5,280 

5,280 
4,724 

3 00 
5,236 
5,280 
5,280 

4,680 
5,280 
5,280 

363 
300 

4,s 17 
5,2llU 

5,250 
4,680 
5,280 
1,657 
2,923 
6,280 

5,280 
2,053 

300 
2,627 
6,280 
5,280 
5,280 

300 
4,680 
5,280 
5,280 
4,680 
5,280 

2,058 
300 

2,622 
5,280 

300 

B. 1 D. 1 Comrxm. I 
Brought forward . . . 

Area. 
536 
260 
805 
290 

481 
415 ' 

398 
398 
106 
197 
5.35 
463 

458 
45 8 

98 
223 
223 
223 

223 
223 
223 
223 
804 
9nO 
260 

217 
217 
217 
21 7 
141 
141 

141 
141 

7 1 
- 203 

277 
170 
251 

120 
174 
176 
181 
186 
191 

191 
120 
296 
236 
42 

Carried over . .. 

5,472,556 

2,830,080 
73,000 

3,767,400 
87,000 

2,539,680 
2,191,200 
2,101,410 
1,377,478 

42,800 
78,500 

545,165 
2,441,640 - 
2,418,240 
2,163,592 

29 400 
1,167,628 
1,177,410 
1,177,440 

1,043,640 
1,177,440 
1,177,410 

80,949 
241,200 

3,885,300 
1,372,800 

1,145,760 
1,015,560 
1,145,760 

337.869 
412,123 
744,480 - 
744,450 
289,473 
21,300 

533,281 
1,462,560 

897,600 
1,325,280 

36,000 
814,320 
929,280 
955,680 
870,480 

1,008,480 - 
393,078 

36,000 
776,112 

1,246,080 
12,600 

-- 
4,463,870 



( 6 )  
ESTIMATE No. 1.-EXCAVATION,-costinued. 

- - - 

GBAND NO.OFMIL.E. 1 IJ. 1 B. 1 D. ( C o m x m  T m ~ r  1 TmL. 

Thr::ih' Cawnpoor ":::: 1 'iiiii 

ABSTRACT OF COST OF ESTIMATE No. 1. 

178 

1'7'9 
180 

Part of 181 to 
Manoor Regn- 
lator . . . 

-. 

Brought forward . .. 
Area. 

216 
5 8 

22 1 
226 

226 

4,680 
800 

5,280 
5,280 

4,657 

1,099,785 

4,883,760 

A!!: "' 1 3:;;;; - 
GRAND TOTAL RE- ... 

YODELLING ... 

-- 

t&8,000 

648,000 -- 

QUANTITY. I D~scrumo~.  

GRAND TOTAL M m  
LINE ... 

I 

6,381,145 

1,296,000 

Between Xoorkee and FutteAgmrh B r a n d  Aead. 

12,000 ( 2 x  27 I ... I ... 

Betwecn FutteAgurh Branch head to end 
Sirdhannoh. 

24,63,870 

1,010,880 
17,400 

1,106,830 
1,193,280 

1,052,482 -- 

6,381,145 

Rs. 
77,944.90 

7,93,614.75 

6,480.00 

12,762.29 

11,340 

912,141-94 

1 

Cubic feet 

)I 

S. feet 

Cubic feet 

Miles 

t 

428,875,033 

I 

. . . 12,000 2 x 2 7  I ... 

I 

38,972,452 

396,807,373 

1,296,000 

6,381,145 

16Z 

Excavation from head to Roorkee, at Ra. -53 per 1,000 

J ,  ,, Roorkee to Cawnpoor Branch head, 
at Rs. -a per 1,000 . . . 

Protecting slopes head, a t  -5 annas per 100 ... 
Excavation in Cawnpoor Branch, at Re. -2 per 1,000. 

Repairing Tow-path ditto, at Rs. -70 per mile . . . 

GBAXD TOTAL 



ABSTRACT OF ESTIMATE No. 2. 

ESTIMATE No. 2.-ALTERATIONS TO MYAPOOR REGULATOR. 

D ~ s c a ~ m o x .  1 NO. 1 Ii. I n. I o. Q U A m  TOT, 1 G m  

New Ma.?mry. 

... Under Arches ... ... 
BeducG 

... Arch-work ... ... 

... Girders ... ... ... 

... Sluice Gat& ... ... 

... ... Chain (light) ... 
Deduct one-fifth ... ... 

... Chain (heavy) ... ... 

... Iron Gatea ... ... 

8 

8 

16 

24 

48 

0 

4 

2 

20 

21 

16.50 

7 

12.50 

0 

12-60 

21 

Q U A N ~ P .  DESCBIPTXON. - 

New Masonry, a t  Rs. 23 per 100 ... ... .., 

... ... ... Arch-work, a t  Re. 28 per 100 

Rkgulating Apparatus. 

Girders, a t  Ra. 9.4 per foot ... ... ... ... 

Sluice gates, wooden, a t  Re. 1.25 per foot ... ... 

... Axle blocks, a t  Rs. 5 each ... ... ... 

... ... Windlasees (small), at  Rs. 22 each .pa 

Chain, a t  Re. 9 annas per foot ... ... ... ... 
... ... ... a , .  Ditto, a t  Re. 1 per foot 

Iron drop gates, a t  Ra. 5 per foot ... ... ... 

G m  TOTAL 

C. feet 

9, 

L. feet 

Sq. feet 

Number 

2, 

L. feet 

,J 

Sq. feet 

4 

4 

0 

0 

0 

0 

0 

0 

TOTAL. 

Re. 
197.13 

376.33 

2,481-60 

2,100.00 

80.00 

528.00 

432.00 

50.00 

2,100.00 

8,345.M 

896 

1,344 

264 

1,680 

16 

24 

480 

50 

420 

8-50 

2 

0 

10 

0 

0 

0 

10 

2,240 

1,344 

264 

1,680 

600 

120 

60 

420 

2,240' 

1,344 

264 

1,680 

480 

50 

420 

896 

264 

1,680 

480 

5 0 

420 



( 8 )  

MTIMATE N o : ~ 3 . - A ~ R A T I O N S  AT KUNKHUL BRIDGE. 

DEBOE~PTION. 

Demolition. 

Tow-path side wall ... ... 
,, arch ... . . . ... 

Flooring ... ... ... 
Curtain ... . . . . .. ... 

Digging oat cribs and bouldem . . . 

Masolcry. 

Foundations water-wings . . . 
J; JJ ..a 

. . . 
Water-wings above bed... . . . 

Step ... ... . . . ... 

Flooring.. . ... . . . ... 

9,  "' . . . ... ... 

Piers .. . . . . . . . ... 
Raising water-wing up-stream . . . 

23 29 2, ... 
Deduct- 

Brick-on-edge and stone . . . 
BoukEer fioring . . . ... 

Driving 10' Piles . . . ... 

21imber Wwk. 

Sill Beam ... ... ... 
Grating. 

10' Kurriea ... ... ... 
F A g  old Cn'bs. 

Front of Steps . . . ... 

Brick-on-edge ... ... ... 

8tone-work . . . ... ... 

L. 

70 

46 

55 

55 

251 
40 

16 

16 

16 

4 

55 

55 

10 

36 

56 

... 

179 

179 

14 

29 
20 

65 

55 

1 No. 

... 

... 
3 

3 

. . , { 

, ., 
... 
2 

2 

3 

3 

9 

2 

2 

. . , 

... 

... 

12 

144 

( ; 
3 

3 

I B. 1 D. I CONTENTS. I TOTAL. 1 OYm TOTbL, 

2 

I0  

21 

250 

10 
5 

4 

4 

2 

8 

21 

1 

2 

4 

1.50 

. . . 
30 

... 

1 

... 

10 
5 

# 1 7  

4 

10,145 

13,550 
1 

8,072 

16,110 

179 

168 

144 

3,900 

2,805 

495 

10.50 

2 

2 

2 

5 
5 

6 

3 

10.50 

2 

2 

1 

14.50 

1 

1 

... 
3 

... 

1 

1 ... 

5 
5 

1 

.75 

1,470 

920 

6,930 

825 

12,550 
1,000 

384 

192 

672 

128 

6,930 

165 

2,610 

288 

168 - 
. . . 

16,110 

179 

168 

144 

2,900 
1,000 

2,805 

495 

10,145 

13,550 

11,537 

3,465 

16,110 

179 

263 - 
144 

3,900 

2,805 

495 



( 9 )  
ESTIMATE No. 3.-ALTERATIONS AT KUNKHUL BRIDQE,-continaued. 

LOCK CHANNEL, kc. 
-- 

GRAND 
DESCBIP~ON. 1 / L. 1 B. 1 D. ~ r a ~ o T A L .  ( 

1,288,710 

45,846 

98,253 

2,736 

Excavation. 

Channel. . . ... ... ... 
Fonqdations of retaining wall ... 
Tow-path . . . . . . ... 
Lock ... ... ... ... 
Lock foundations . . . ... 
Chanpel below lock . . . ... 
Old banks of canal . . . ... 

,, 2, ... ... 
3, ,a . . . ... 
3, ,a ... ... 

Folcndathm-Mmonty. 

Retaining malls ... ... 
Flooring of bridge ... ... 
Curtains of bridge . . . ... 
Drop wall of lock . . . ... 
mooring of lock . .. . ... 
Curtain of lock . . . ... 

D e d u c k  

Brick-on-edge . . .. . ... 
Masonry Supmatmcture. 

Revetment and lock walls ... 
Thickening of walls a t  gates . . . 
Abutments of bridge .. ... 
Backing of arc11 bridge ... 
Spandrils above arch & abutments 
Wing walls . . . ... ... 
Parapets . . . . . . ... 

Brick-on-edge. 

Flooring of bridge . . . . . . . 
Ditto of lock ... . . . ... 

Arch-work . . . . . . ... 

900 
900 
900 
130 
130 
130 
160 
70 

250 
150 

2,125 
17 
17 
18 

131 
25 

... 

2,125 
10 
21 
13 
38 
18 
72 

I S  
131 

30 

... 
!2 

... ... 
2 

... 

... ... ... 

... 

... ... 
2 
... ... 
... 

... 

... 
4 
2 
2 
2 
4 
2 

. . . 

... 

... 

GRAND T o m ,  MA~ONBY ... 
Metalling . . . ... ... 

Lock Gate8 . .. ... . . 

C h i n  ... - ... ... "' { 

... 
100 

9-54 

25.50 
27-50 

... 

... 

2 

2 
2 

26 
5 
9 

26 
5 

45 
6% 
47 
95 
27 

5 
17 
2 
3 

17 
2 

.. . 

3-50 
3 
6 

21 
2 
2.50 
1-50 

21 
18 

21 

14 
4 
2 

17 
4 

17 
20 
10  
20 
10 

4 
2 
4 
7 
2 
4 

. . . 

12 
16 
1 3  

1.50 
2-25 

12 
2.25 

1 
1 

2 

327,600 
36,000 
16,200 
57,460 

5,200 
99,450 

198,400 
32,900 

475,000 
40,500 -- 

42,500 
678 
272 
378 

4,454 
200 

. . . 

89,250 
1,920 
3,276 

819 
342 

11,160 
486 

378 
2,358 

1,260 

. . 
16 

{ ] 
.. . 
... 

1,288,710 -- 

48,382 

2,736 

98,253 

2,736 

1,260 

. . . 
-75 

... 

... 

... 

. . . 
1,200 

438.541 

1 1 . ~ 0  

... 

1,200 -- 
. . . 

147,895 

1,aoo 

439 

106 

5 1 
5 5 

106 



ABSTRACT OF ESTIMATE No. 3, 

Cubic feet 

J J  

Lineal feet 
Cubic feet 
Number 

Cubic feet 
J 9  

91 

Cubic feet 

Square feet 
Lineal feet 
Number 

J, 

3 )  

,10,145 Demolition, masonry, a t  Re. I per 100 ... ... 
15,550 Iligging out cribs and boulders, a t  Rs. 7 per 1,000 
4,206 Boulder masonry, a t  Rs. 14 per I00 ... ... 
3,8G6 Brick-work, at Rs. 22 per 100 ... ... ... 

16,100 Boulder flooring dry, a t  Rs. 7 per 100 ... ... 
179 10' Piles, including driving, a t  Rs. 2.5 per foot 
168 S5l wood in grating supports, at Rs. 3 ,, ... ... 144 10' Kurries, at Re. 1.5 each ... ... 

3,900 Fixing and filling old cribs, a t  Rs. 7 per 1,000 
2,805 Brick-on-edge, at Rs. 25 per 1,000 ... ... ... 495 Stone-work, at Rs. 2 per foot ... ... 

Rs. 

101-45 
94-85 

588.84 
850.52 

1,127.70 
447.50 
6W.00 
216.00 

27.30 
701-25 
990.00 

5,649-41 

1,288,710 
132,899 
11,000 

2,736 
1,260 
1,200 

Excavation, at Rs. 2.25 per 1,000 ... ... ... 
Boulder masonry, a t  Rs. 14 per 100 ... ... ... 

... ... Brick-work, a t  Rs. 22 per 100 ... ... ... Brick-on-edge, a t  Rs. 25 per 100 ... ... 
... Arch-work, a t  Rs. 28 per 100 ... ... ... 

... .... Metalling, a t  Rs. 6 per 100 ... ... 

439 
106 

4 
4 
4 

Lock gates, a t  Rs. 6.5 per foot ... ... ... ... 
Chain, at Re. 1 per foot ... ... ... ... 
Pulleys, a t  Rs. 5 each ... ... ... ... ... 
Crabs, . 135 ..... ... ... ... ... 
Sluices, ,, 125 ,, ... ... ... ... ... 

TOTAL, LOCK CEAXNEL, kc. 

GRAND TOTAL, BBIDOE AND LOCK CHMNEL 

2,853.50 
106.00 
20.00 

640.00 
500.00 -- 

29,053-76 

34,703-17 



( 11 1 
ESTIMATE NO. 4.-ALTERATIONS AT JOWALAPOOR BRIDGE. 

ABSTRACT OF ESTIMATE No. 4. 

-- p---pp 

DESCRIPTION. 

932.25, 
6,930 

4,045'40 

5,197.5 

1,732.5 

Demolition, dimon y. 

... C h i n s  ... ... ... ... Flooring ... ... ... 

... 0;Sging owt Boulders ... 

... Yaaonry l'hming ... 

Brick-on-edge. 

Flooring... ... ... ... 

a 

- 
QUANTITY.  

2.50 
2 1  

10 

21 

21 

DESCPIPTION. 

... Demolition old masonry, at Re. I per 100 ... 

... ... Digging out boulders, at Rs. 7 per 1,000 

... ... ... Boulder masonry, at Rs. 14 per 100 

... ... Brick-on-edge, at Rs. 25 per 100 . . .  

Tow-path, aide Estimate No. 173 ... ... ... 

QEAND TOTAL 

d=---- - 

Cubic feet 

)J 

81 

IJ  

1-13 
2 

1.13 

1.5 

.5 

7,862 

4,045 

5,197.5 

1,732.5 

6 
3 

2 

3 

3 

- 
TWAL. 

R R. 

78.62 

28.31 

727.72 

433.25 

695.60 

1,863.50 

7,862 

4,045 

6,198 

1,733 

7,863 

9,045 

5,197.5 

1,732.5 

55 
55 

179 

55 

55 



ESTIMATE No. 6.-ALTERATIONS, RAMPOOR WORKS. 
L -- - 

DESCIUPTION. 1 NA. / IJ. -- 

140 
140 
140 
140 

80 
25 
24 

232 

18  
203 
205 
205 
150 
205 

18 
IS  
10  
10 
12 
25 

205 

200 
13 
10 

45 

30 

12-50 

... 

'10.5 

9.54 

11 

Demolition, Maeonry. 

Tow-path up stream ... ... 
9, I, ... ... 
9 )  I> . . . ... 
9 )  ,Y . . . ... 

Navigable channel wall down 
~tream.. . ... ... ... 

Ogees of full ... ... ... 
J, 2, . . . ... ... 

Digging out boulders in crib- 
work down stream ... ... 

Maaony. 

Raising piers ... ... ... 
,, water-wings ... -.. 
>> I, . . . ... 
9 )  >> ... ... 
JJ ,J ... 
I, J) ... ... 

New piers ... ... . . 
I> . .. ... ... 

12 feet bridge parapet . .. ... 
Round head of lock wall ... 

21 9 ,  #I t, ... 
New flooring a t  Ogee . .. ... 
Parapet ... ... ... 

ArcA-work. 

Tow-path . . . ... 
Under piers ... . . . ... 
1%' Bridge . .. . . . ... 

Embankntent . .. . . . . . 

S ~ C - W O T ~  ... ... ... 

Wood-work. , 

Beams to  support grating .. . 

14' Kum'es ... ... ... 

Sluice Gate ... . . . ... 

New h k  Gutds ... ... .a .  

c~ain.9 ... ... ... ... 

... ... 

... 

... 

... 
8 
8 

... 

7 
... 
... 
2 

... ... 
8 
8 
2 

,.. 
... 
8 

... 

... 
8 

... 

... 

8 

16 

128 

... 

2 

2 

35,819 

16,240 

52,187 

2,osa 

40,500 

4,600 

113 
I 

128 

186.5 

667.8 

aa 

1 B. 

3 
4.50 
1-50 
-6 

4.75 
20 
25 

70 

4.50 
4.50 
4.50 
3 
3.50 
4 
3 
3 
1.50 
4 
3 

20 
2 

8 
3 
12 

60 

25 

a75 

. . . 

... 

... 

... 

'35,818.71 -- 

16,240 
-- 

2,032 -- 
40,500 

4,500 - 

112.50 

128 

e e 

1 D. 

6.50 
6-50 
2.50 
1 

12.66 
4.61 
1 

1 

4.66 
4.66 
7.5 
7.5 
7'5 
7.5 
8 
6 
2 
5 

14 
3 
2.25 

1 
1 
1 

15 

-75 

-75 

. .. 

1 3  

... 

2,730 
4,095 

525 
S40 

4.,38S.71 
18,440 
4,800 -- 

16,240 -- 

2,642.22 
4,295.80 
6,918.75 
9,225.00 
3,957'50 
6,150.00 
3,456.00 
1,872.00 

60.00 
200.00 
501- 00 

12,000.00 
922.50 

---52,186.77 

1,600 
312 
120 

40,500 

4,500 

112.60 

128 

136.5 

667.5 

22 



ABSTRACT OF ESTIMATE No. 5. 

QUANTITY. DESCRIPTION. 

Cubic feet 

JJ 

JJ 

JY 

JY 

a, 

JJ 

JJ 

Number 

Square feet 

JJ 

Number 

YJ 

$1 

Lineal feet 

t 

... Demolition, old masonry, a t  Re. I per 100 ... 
... Digging boulders out of crib work, a t  Rs. 7 per 1,000 

... ... ... Brick-work, st Rs. 22 per 100 ... 
... ... ... Boulder masonry, a t  Rs. 14 per 100 

... ... ... Arch-work, light, at Rs 28 per 100 

... ... Embankment, a t  Rs. 2 per 1,000 ... 

... ... Stone-work in flooring, a t  Rs. 2 per foot 

... Sbl wood in grating supports, a t  Rs. 3 per feet 

Kurries 14' long, at Re. 1.5 each ... ... ... 
Sluice gates, a t  Rs. 1.25 per feet ... ... ... 

... ... ... Lock gates, at Rs. 6.5 per foot ... 
Sluices in lock gates, a t  Ra. 125 each ... ... ... 

... ... ... Windlasses, a t  Rs. 22 each ... 

... ... ... ... Axle blocks, ,, 5 ,, 
Chain, a t  Rs. 0.9 per feet ... ... ... ... 

GUD T m u  

.p- 

35,819 

16,240 

39,483 

12,704 

2,032 

40,500 

4,500 

113 

128 

136.5 

667.8 

14 

1 

2 

22 

Rs. 

358.19 

113.68 

8,686.26 

1,778.56 

568.96 

81.00 

9,000.00 

339.00 

192.00 

170.68 

4,340.70 

500.00 

22.00 

10*00 

19.80 

26,180.77 



ESTIMATE NO. 6.-ALTERATIONS, BAHADOORABAD FALL, No. 1. 

DESCBIPTION. 
X o . 1  

&rth-work. 

Approaches ... ... ... 2 
1, . . . ... ... 2 

Demolition. 

Arches .-.. . . . . . . ... 8 
Parapets . . . . . . ... ... 12  
Pillars ... ... . . ... 4 
Steira ... - ... ... ... 3 
In  Ogee . . . . . . ... ... 4 
Flooring . . . ... . . . ... 4 

A'ew Masonry. 

kmgthening piers . . . ... 4 
9, 1, ... ... 4 
9 )  99 . . . ... ti 
,) )J .. ... 5 

Staim . .. ... ... ... 5 
Arches and spandrils . . . ... 8 
Piers and abutments .. . ... 9 
Parapet . . . ... . .. ... 12 
Pillam ... . . . ... ... 4 
Raising chamber walls . . . ... 3 

,, revetments ... ... 8 
New piers ... ... ... 8 
Weir ... . .. . . . ... 8 
Raising water-wings . .. ... 2 
P i i s  ... ... . . . ... 4 

Dedgct . . . ... ... ... ... 

drcA-work ... ... ... 8 
5 

Stone-work .. . ... ... 4 
I 

Grating ... . . . ... ... 16 

GLrders . .. . . . . . . , . 32 

Wal$latea ... ... ... 16 

P 

IJ. 1 
400 
400 

25 
25 
3 

20 
54-50 
54-60 

26.50 
10 
23 
10 
20 
25 
32 
25 
3 

48 
165 
34 
25 
28 
4 

... 

27 
16 

69-50 

11 

1 3  

11 

B. 1 
SO 
30 

28 
1.50 
3 
4-60 

10 
40 

4-50 
4-50 
4.60 
4.50 
4-50 

28 
9.50 
1-50 
3 
4-50 
4.50 
3 
5 
4-50 4 

... 

28 
4.50 

40 

28.5 

. . . 

... 

GRAND 
D. ( . ~ A N T I ~ . ~ T O T A L ~ _ _  

3 
2 

2.93 
2 
2 
3.76 
2 
1 

-23 
2-56 

11 
2.36 
3.33 
2-93 
6-86 
2 
2 
2 
2 
23 

72,000 
24,000 

16,408 
900 

72 
900 

4,360 
8,720 

10,453.50 
424.80 

6,692.50 
531.00 

1,500.00 
16,408.00 
7,594.66 

900-00 
72.00 

1,296-00 
2,970.00 

18,768-00 

. 

96,000 

31,360 

; 1 !:if" 
... 

96,000 

31,360 

74r,749*40 

12,456.00 

12,45 6 

6,540 

6,016 

416 

176 -- 

2 
1 

.75 

... 

. . . 

... 

63,393 

13,456 

6,540 

5,016 

416 

176 

12,096 
360 

6,540 

5,016 

416 

176 
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ABSTRACT OF ESTIMATE No. 6. 

Cubic feet 

J, 

Sqnare feet 

Lineal feet 

Earth-work, at Rs. 2 per 1,000 

Demolition at Re. I ,, 1,000 

New masonry at Bs. 22 ,, 100 

Arch-work ,, 28 ,, 100 

Stone-work ,, 2 per foot 

Orstin'g at Ra 1-15 per square foot I Girdera at &. 41.24 per foot ... 
I WaU plate at Be. 6-20 ,, ... 



ABSTRACT O F  ESTIMATE No. 7. 

I I 

( 16 
ESTIMATE No. 7.-ALTERATIONS, BAHADOORABAD FALL, NO. 2 

DESCBIPTION. GRAND . 1 No. 1 L. 1 B. 1 D. Qomrrn.1 TOTAL. I TmAr 

Cubic feet 

Earth-work. 

Approaches ... ... ( 
1 ... 

Demolition. 

... Arches ... ... . . .  
Parapet ... ... ... ... 
Pillar ... ... ... ... 
Stairs ... ..' ... ... 

... I n  Ogee ... ... ... ... Flooring.. . ... ... 

New Mason y. 

Lengthening piers ... ... 
... ... I, 9, 

... ... 2 )  9, 

... ... )I  n 
Stairs . . . .  . . ... ... 
Arches and spandrils ... ... 
Piers and abutments ... ... 
Parapet ... ... ... ... ... Pillars ... ... . 

... S J  ..- ... ... 
New piers . . ... . 
Weir ... ... ... . 
Raising water-wings ... ,.. 

B e d u e d  
Arching ... ,.. ... 

Arch-work ... ... ... { 

Excavating boulders out of crib- 
work ... ... ... 

Grating and stone-work 8s in 

... I Earth-work, at Rs. 2 per 1,000 ... ... ... 
... Demolition, old masonry, a t  Re. 1 per 100 ... 

... New masonry, at Rs. 22 per 100 ... ... 
Arch-work, at Rs. 28 per 100 ... ... ,.. ... 
Digging boulders out of crib, a t  Rs. 7 per 100 .. ... 
Stone-work as Estimate No. 6 ... ... ... 
Grating, &c., as Estimate ,, 6 ... . .. ... 

Re. 

2 
2 

8 
12 
4 
3 
4 
4 

4 
4 
5 
5 
5 
8 
9 

12 
4 
4 
8 ' 

8 
2 

. . . . . .  

8 
5 

. . . . . .  
Estimate 

30 
30 

18 
].SO 
3 
4.50 

10 
40 

4.50 
4.50 
4.50 
4.50 
4-50 

18  
4.50 
1.50 
3 
4 
3 
5 
4.50 

... 

18 
4.50 

80 

6. 

400 
200 

25 
25 
3 
2 

54.50 
54.50 

35.25 
10 
33 
10 
20 
25 
22 
25 
3 
4 

34 
25 
28 

... 

27 
16 

227 

No. 

3 
2 

2-93 
2 
2 
3.33 
2 
1 

23 
2.36 

11 
2.36 
3.33 
2.93 
5-86 
2 
2 
5.86 

23 
6 
7 

... 

2 
1 

1.4 

96,000 

25,500 

68,865.10 

8,136 

8,136 

25,424 

72,000 
24,000 

10,548 
900 
7 2 

900 
4,360 
8,7%0 -- 

14,593.50 
424.80 

8,167.50 
531.00 

1,500.00 
10,548-00 
5,221.26 

900.00 
72-00 

375.04 
18,768.00 
6,000.00 
1,764.00 

...... 

7,776 
360 

25,424 

96,000 

25,500 

60,739 

8,136 

25,424 



( 17 1 
ESTIMATE NO. 8.-ALTERATIONS I N  B.4HADOORAS-AD LOCK CHANNEL. 

ABSTRACT O F  ESTIMATE No. 8. 

-- 

DESCIUPTION. 1 '5. 1 L. 1 B. 1 D. Q I L l n m , 1   TOTAL^^ :z4 
Excavation. 

Channel . . . ... ... ... 

Bemolilion, OM Nmon y. 

Bridge of lower lock . .. ... 
J> ,I ... ... 
II IJ . . . ... 
I1 1) ... ... 
JY J J  ... ... 

New blaeonr~. 

Raising walls ... . . . ... 
,I . . . . . . ... 
J I ... . . . ... 
I1 ... . . . ... 

New bridge . . . . . . ... 
>l ... . . . ... 
1) ... . . . ... 
11 .. . ... ... 

Parapets . . . . . . ... ... 
I, . .. . . . ... 

wings . .. ... . . . ... 
11 ... . .. ... ... 
,I ... ... ... ... 

Deduct- 

Arching ... ... ... ... 
drcA-zcwk ... ... ... 

11 . . . . . .  ... 

Lock Gatee. 

Upper lock ... ... ... 

QUANTITY. 

33.50 

7-50 
1.50 

18 
1s 

1.50 

9 
9 
4-50 
4.50 

9 
4.50 

111 
13 

1.50 
1.50 
2.50 

2 
$50 

... 
18 

18  

... 

2 

2 
2 

... 

... 

... 

... 

... 

... 

... 

... 
2 

... 

... 
2 
2 
4 
0 
0 

... 

... 

... 

2 

. -- 
- - - . . - - -- 

DESCBIPTION. 

Excavation, at Rs. 2.25 per 1,000 .. ... ... 
Demolition, old masonry, a t  Re. 1 per 100 . . . . . . 
New masonry, a t  Rs. 22 per 100 ... ... ... 
Arch-work, at Rs. 28 per 100.. . ... ... . . . 
Lock gates, a t  Rs. 6.5 per foot ... ... . . . 
Sluices, at Re. 125 per each ... ... . ... ... 

GEAND TOTAL 

Cubic feet 
)I 

11 

11 

Square feet 
Number 

904,500 

121.50 
155.25 
864.00 

1,089.00 
77.62 

4,410.00 
346.50 

2,252.25 
721.50 
567.00 
567.00 
864.00 

1,059~00 
1S9.00 
292.75 
550.00 
161.00 
77.69 

288 

306 

9 

2.50 
2.50 
3 
5.50 
2.25 

3.50 
3-.50 
3.50 
3.50 
3.50 
3.50 

3 
5.50 
2.25 
2.25 
5.50 
3.50 
2.25 

... 
1 

1 

{ 

1 
I 

1,500 

18 
23 
16 
11  
23 

140 
11 

143 
46 
18  
18 
16 
11 
28 
33 
10 
2 3 
23 

. .. 

16 

17 

9-54 

- 

TOTAL. 

Rs. 
2,035.12 

23-01 
2,6 13.94 

166.32 
4,340-70 
1,000~00 

10,079.15 

904,500 
9,307 

11,427 
591 

667-8 
8 

904,500 

2,307.37 

. 

12,020.62 

5 94 

594 

2,307 

11,427 

594 

667.8 

li 



GRAND 
TmL 

32,199 

91,350 

102,098 

2,452 

40,500 

+ 

ESTIMATE NO. 
. 

DESCEI~ION. 

Demolition, oh2 Masonry. 

... Tow-path up stream 

... n SJ ... ) a  IJ ... 92 )J ... Ogee of fall ... ... 
... ... IJ IJ '.- 

.Excavation. 

Boulders and crib-work 

Mmon y down stream. 

... I n  wells ... ... 

... ... ... ZJ ... J) ... ... Piers ... ... 
... ... ... JJ 

Curtain ... ... 
Flooring of lock ... 

..a JJ JJ a s -  ... >J I J  '.. 
JJ .'' ... 

h c ) i w a l h  ... ... ... J l  1 . .  ... ... )J ... ... JI 

Up stream. 

... Raising piers ... ... 
. ,, water-wings.. 

,, tow-path ... ... 9 1  9J ... 
Retaining wall ... 
Parapet ... ... 
Round head of lock wall 

JI JJ 

New flooring at Ogee ... 
New piers ... ... ... 

... ... ... 
C U ~ V &  ... ... 

... ... JJ 

Arch-work. 

Tow-path ... ... ... ... Piers ... ... 
Culvert ... ... 

Mafikmen t ... ... 

9.-ALTERATIONS AT PUTRI WORKS. 

T o m .  

32,198-75 --- 

91.350 

102,093.3 0 -- 

2,452 

40,500 -- 

No. I L. I B. I D. (Qyunrrl 
2,730 
4,095 

525 
840 

18,440 
4,800 

768.75 

91,350 

19,711.35 
120 
4408 

8,820 
6,720 
1,920 
2,860 

867 
1,722 

540 
7,320 

240 
5,940 

352 

2,646 
1,617 
6,918.75 
9,225 
3,937.50 

922.50 
200 
504 

14,000 
3,456 
1,572 

780 
480 

1,600 
312 
540 -- 

40,500 - 

... . . .  

. . . . . .  

. . . . . .  

. . . . . .  
8 
8 

, 

. . . . . .  

93 
2 

. . . . . .  
7 
8 . . . . . .  . . . . . .  

. . . . . .  
. . . . . a .  

. . . . . .  

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

. . . . . .  

. . . . . .  

7 
. . . . . .  
. . . . . .  

2 
. . . . . .  
. . . . . .  . . . . . . .  
. . . . . .  

8 
8 
8 

. . . . . .  

. . . . . .  

. . . . . .  
8 . . . . . .  

. . . . . .  

140 
140 
110 
140 
25 
24 

205 

261 

14.13 
4 

20.4 
14 
14 

240 
55 
17 
41 

9 
122 
16 
88 
88 

18  . 
77 

205 
'LO5 
I50 
205 

10 
12 
25 
I S  
13 
60 
60 

200 
13 
60 

45 

3 
4.50 
1.50 
6 

20 
25 

1.50 

70 

1-50 
1-50 
2. 
4.50 
3 
4 

26 
25.50 
21 
30 
4 
1 
4.50 
8 

4-50 
4.50 
4.50 
3 
3.50 
2 
4 
3 

20 
3 
3 
2 
8 

8 
3 
9 

60 

6.50 
6.50 
2.50 
1 
4.61 
1 
2.50 

5 

10 
10 
10 
20 
20 
2 
2 
2 
2 
2 

15 
15 
15 
50 

4-66 
4-66 
7-5 
7'5 
7.5 
4.25 
5 

1 4  
3 
8 
6 
6-50 
1 

1 
1 
1 

15 
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ESTIMATE No. 9.-ALTERATIONS AT PUTRI WORKS,-continued. 

ABSTRACT OF ESTIMATE No. 9. 

D ~ s c s ~ ~ r r o a .  

15,937 -- 
... -- 

26,565 

225 -- 

16 

5 5 

-- 

QULYTITY. 

231 

30 

231 

13.5 0 

4 

~ouZ&r Flooring. 

In cement ... ... 

Storrc-wmk ... ... ... 

BouMesfioring, cEry, ... 

Fimier work. 

S$l-wood in grating supports .. 

8Zuice Gate ... ... 

15,937 

4,500 

26,565 

225 

16 

916 

5 5 

DESCIUPTION. 

Demolition, old'mnsonry, a t  Re. 1 per 100 ... ... 
Excavatiou boulders out of crib-work, a t  Rs. 7 per 1,000 
Curbs, small, a t  Rs. 20 each ... ... ... ... 
Boulder masonry in flooring, a t  Rs. 14 per 100 ... ... Brick-work, a t  Ra. 28 per 100 ... ... ... 

... MTell-sinking, a t  Ra. 5 per foot ... ...I ... 

... Arch-work, a t  Rs. 26 per 100 ... ... ... 
Embankment, a t  Rs. 2 per 1,000 ... ... 

... Masonry flooring of boulders, a t  Rs. I d'ier 100 
. Stone flooring, at Rs. 2 per foot.. ... ... ... ... Boulder flooring, dry, a t  Rs. 7 per 100 ... ... 

14' Kurries (Sdl), at Rs. 5.25 each ... ... ... ... S11-wood, at Rs. 3 per foot ... ... ... 
Sluice gate, a t  Re. 1.25 per foot ... ... ... ... Lock gates, a t  Its. 6.5 per foot ... ... ... ... Crabs, a t  Rs. 135 each ... ... ... ... ... Pulleys, a t  Rs. 5 each ... ... . . ... ... Sluices, a t  Rs. 125 each ... ... ... ... 
Chain, a t  Re. 1 per foot ... ... ... ... ... 

GRAND TOTAL 

Cubic feet 
)I 

Number 
Cubic feet 

J t  

Lineal feet 
Cubic feet 

JJ 

J) 

n 

~ u k b e r  
Cubic feet 

Sq. feet 
S; 

Number 
,, 

 in& feet 

.) 

15,937 

4,500 -- 
26,565 -- 

225 -- 
16 

. . . . . .  

8 

. . . . . .  

52 

. . . . . .  

46 

25 

46 

-75 

4 

L 

TOTAL. 

Ra. 

321.99 
639.45 

1,880.00 
2,518.46 

18,502.88 
4,700.00 

637.52 
81 -00 

1,912.68 
9,000.00 
1,859.55 
1,344.00 

675.00 
20.00 

5,954.00 
270.00 

10.00 
760.00 
55.00 

51,131.53 

52,199 
91,350 

95 
17,989 
84,104 

940 
2,452 

40,500 
15,937 
4,500 

26,568 
256 
225 
16 

916 
2 
2 
6 

55 

915.84 

55 

hck f f a t e s  ... ... ... 

C h i n  ... , . . ... ... 

1.50 

-75 

2.50 

.75 

... 

... 

. . . .  2 27-50 ... 



ESTIMATE NO. 10-ALTERATIONS TO RUT3100 WORKS. 
- 

DESCRIPTIO~ OF WORK. I No. I L. 

Approaches ... ... ... ... For culvert ... ... 

Demolition, old Xasonry. 

... Arch and spandril ... 
Abutments ... ... ... 
Parapet ... ... ... ... ... J) . a .  

Pillars ' ... ... ... 
Parapet at Dhunouri Bridge revet- 

ment ... ... ... ... 

Abutments ... ... 
... I1 ... 

Backing ... ... 
Wing wells ... ... 

... ,Y ... 
Parapets ... ... 

... ... I> ... Pillars ... ... 
Spandril walls ... ... 

... J> ... 
Piers 
Wells or b iocb  bf inlet"' 

>> JJ "' 

Retaining wall ... 
steps ... ... flooring 

Head wall ... ... 
Valls of culvert ... 
Flooring ... ... 

Bridge ... ... ... 
... Culvert or inlet ... ... 

GRAND TOTAL, MASONRY ... 
... Digging out crid-work ... 

Iron Girdera. 

... For regulating gates ... 
... . New boulder flooring (dry) 

In front of inlet. .. ... ... 
Pitching. 

Slopes ... ... ... ... 



ESIMTATE No. 10.-ALTERATIONS TO RUTMOO WORKS,-contirzred 

ABSTRACT OF COST OF ESTIMATE No. 10. 

D I E ~ ~ ~ I O N  OF WOW. 

8lzice gates .. . . . . ... 

Grow+ cat-iron ... ... 

Chis ... . . . ... ... 

Irm drop gate8 . . . ... ... 

Woodere drop gate8 ... ... 

r 

2 

4 

36 

2 

24 

QUANTITY. D s s m m o ~ .  

Cubic feet 
,) 
)¶ 

,, 
JJ 

J, 

JJ 

18 

Lineal feet 
Cubic feet 

9, 

Lineal feet 
Square feet 
Number 

Lineal feet 
Number 

~inea); k t  
Square feet 

J, 

Excavation, a t  Rs. 2 per 1,000 ... . . . . . . .. 
Demolition, old masonry, a t  Re. 1 per 100 ... . . . 
Boulder masonry, at Rs. 14 per 100 ... ... . . . 
Brick-work, a t  Re. 23 per 100 ... ... ... ... 
Arch-work ,, 26 ,, 100 ... ... ... ... 
Digging out cribs and boulders, at Rs. 7 per 1,000 ... 
Tow path under Dhunowra Bridge ... . . . . .. 
12' Piles, including driving, a t  Rs. 5 per fo of... ... 
Iron girders for sluice gates, at Rs. 9.4 per foot .. ... 
Boulder flooring " dry" at Ra 7 per 100 ... . . . 
Pitching on slop-, at Rs. 10 per 100 . .. . . . ... 
Wells, sinking, at Rs. 7 per foot ... ... . . . 
Sluice gate, at Ile. 1-25 per foot ... . . . ... 
Curbs, a t  Rs. 90 each ... ... ... ... . . . 
Iron grooves, a t  Ks. 6 per foot ... ... . . . . . . 
Axle Blocks, at Rs. 5 each ... . . . ... ... 
Windlasses, a t  Rs. 22 each ... ... . .. ... 
Chain, a t  Rs. 0.9 per foot ... ... . .. ... 
Iron Drop gatee, a t  Rs. 6 per foot . .. ... ... 
Wooden Drop gates ... . .. ... ... ... 

Gum TOTAL 

74,400 
5,643 

23,680 
23,895 

6,075 
23,600 
. .. 
236 
256 

61,056 
2,400 

108 
96 

9 
60 
19 
26 

612 
400 

1,519 

I 

8 

15 

17 

20 

6-83 

Rs. 
148.80 
66.43 

3,315.20 
6,256.90 
1,679.60 

165.ZO 
695.60 

1,180-00 
2,406.40 
4,273.93 

240.00 
756.00 
120.00 
810.00 
300.00 
95.00 

673.00 
550.80 

2,000.00 
1,898-76 

26,320.59 

... 

... 

... 

10 

10 

6 

... 

... 

... 

. . -- 

96 

6 0 - 
612 . -- 
400 - 

1,519 
1,519 -- 1,519 . 

96 -- 
60 

612 -- 
400 -- 

96 

60 

612 

400 



ESTIMATE NO. 11.-ALTERATIONS AT PEERAN KULEEUR BRIDGE. 

DESCRIPTION OF WORK. 

Demolition, OM Masony. 

Curtains ... ... ... ... 
Flooring ... ... ... ... 

Nezcl Masonry. 

... Flooring ... ... ... 
Brick-on-edge. 

Flooring.. .. ... ... ... 

ABSTRACT OF COST O F  ESTIMATE No. 11. 

ESTIMATE No. 12.-ALTERATIONS AT MEHEWUR BRIDGE. 

Cubic feet 
81 

ABSTRACT OF COST OF ESTIMATE No. 12. 

... Tearing down old masonry, at Re. 1 per 100 ... 
... Boulder masonry, at  Rs. 14 per 100 .., ... 

13rick-on-edge, at Hs. 25. .. ... ... ... 
Tow-pat,h 7' wide; vide ~stimaG'No. 174 ... ... 

9,477 
5,382 
1,794 

R5. 
94.77. 

753.48 
448.5 
377.30 

TmL. GRAND 

7,374 

-- 
1 

DESCRIPTION OF WORK. 1 No. 1 L. 1 B 1 D. IQo*.rm.\ Tom.  

Dmolitiqn, old Nasonry. 

... ... Curtains ... ... 
Flooring .. ... ... 
New flooring, as Estimate No. 11. 

QUANTITY. 

2 
. . . . . .  

Cubic feet 

DESCRIPTION. 1 Con. 

7,374 ... Tearing down old masonry, at Re. 1 per 100 ... ... Flooring as Estimate No. 11 ... ... ... 
... Brick-on-edge as Estimate No. 11 ... ... 

Tow-path 13' wide ... ... ... ... ... 

GRAND TOTAL 

1,074 
6,300 -- 

1.79 
2 

150 
150 

Rs. 

73.74 
753.48 
448.50 
595.60 - 

1,M71-32 

7,374 -- 

2 
21 



ESTIMATE NO. 13.-ALTERATIONS ON SOLANI AQUEDUCT AND 
EMBANKMENT. 

ABSTRACT O F  COST O F  ESTIMATE No. 13. 

- 
DGSCBIPTION OF WORK. GRAND I No. 1 L. 1 B. I II. I Q u m r .  TOTAL 1 TOTAL. 

... Driving 8 feet stakes ... 
Clay over Aqueduct ... 

Maaonry. 

Raising edges of Aqueduct tow- 
... path ... ... ... 

Brick-on-edge in cement 

ESTIMATE No. 14.-ALTERATIONS TO ROORKEE BRIDGE. 
- - -  

~ & ~ T X T Y .  

ABSTRACT OF COST O F  ESTIMATE No. 14. 

Lineal feet 
Cubic feet 

31 

,, 

Square feet 

& 

- - 

DESCRIPTION. 1 Can. 

- -- 

D~scRxPno~ OF WORK. 

... 
-5 

1 

-5 

63 1 150 ... 

9,450 
77,690 
77,690 
2,742 

155,380 

Staking 8' deep, at Re. 1 per lineal feet ... ... 
... Puddled clny, at RE. 3 per 100 ... ... ... 

... Brick-on-edge, at Hg. 25 per 100 ... ... ... ... Brick-work, a t  Rs. 20 per 100 ... ... 
GRAND TOTAL 

. N. B.-Cost of layer of Seyseel Asphalte, 4 inch thick, 
(914x170)= ... ... ... ... ... ... 

- -- 

9,450 

77,690 

2,742 

77,690 

9,450 
-- 

77,690 

8,742 

77,G90 -- 

Rs. 

9,450-00 
2,330.70 
19,422.5 

548.40 -- 
31,751.6 

1,55,380 

Masonry. 

Raising channel revetments domn- 
stream ... 

.. . 
77,690 

2,742 -- 
77,690 
-- 

170 

1.5 

170 

. . . . . .  

2 

. . . . . .  

7,000 

QUANTITY. 

914 

914 

914 

. . . . . .  7,000 

DESCRIPTION. 1 Con. 

Cubic feet 
... New tow-path ... ... ... ... ... 
... New masonry, at Rs, 20 per 100 ... ... 

GRAND TOTAL 

7,000 

Rs. 
595.6 

1,400 -- 
1,995.6 

- -. 

7,000 1 3.500 2 



ESTIMATE NO. 16.-FALL 4.07 AT ROORKEE. 

DESCBIPTIOS. 

Foundations. 

Waterways up-stream ... 
... ... Curtain IJ 

... Drop walls ... ... ... ... ... ,I ... Curtains under lower gates . Curtain down-stream.. ... 
. Sides of wells.. ... ... 

Abutments of gatesup-stream.. 
I) ,, down-stream 

... Side walls of locks ... 
. Abutments of bridge.. ... 

Side mall down-stream ... 
... Flooring up-stream ... 

,, of well ... ... ... ,, underga tee... ... ... Backing of inverts ... Division mall of lock ... 
,, sides of well ... 
I, ... ,, of lock 

... 91 I) 21 ... Drop wall of fall 
Curtain of fall ... 

... J )  9 ,  ... Flooring of fall 

... Curtain of basin ... Retaining walls of basin 

DEDUCT. 

Brick-on-edge. 

... ... ... Lock flooring 

... ... I, ... ... J ... 
Flooring of fali' ... ... Top of drop of fan 

J) curtain 

Holhw f o r f i d a t k .  

... Retaining walls ... ... ,I ... 
Superstruclure. 

Water wings up-stream ... 
Abutment of gate ,, ... 

,, down-stream. .. 
Abutment of bridge ... 
Counterforts ... . . . .  

... Wing malls of bridge 
Side walls down-stream ... 

... ... II oflock 
Division wall of lock.. . ... 

fi, I) .-. .. ... II , IJ ... ... Piem ... ... ... ... I '.' ... ... 
Carried over - 

1 D. 1 Q o a ~ i m  1 TOTAL. ITmAr. GMND 

8 
5 

8.07 
4 
3 

10  
4, 
8 

2.50 
2.50 
2.50 
6 
3 
3 

2-50 
1-75 
8 

11-01 
a 

5.50 
9-57 

12 
1-50 
1-50 
12 
12 

1 
1 

1 No. 1 L. 1 3. 

2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
a 
2 . . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
2 

2 
2 
2 

. . . . . .  

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

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
9 
9 

. . . . . .  

2,200 
480 
774.72 
3 84 
576 
640 
672 

1,7 16 
990 

4,770 
90 

1,500 
1,632 

696 
840 

9,436 
2,016 
2,169 
8,624-72 
7,238 
9,316.39 
6,372 

796.5 
18,585 
7,920 

18,480 

544 
232 
336 

108,914.33 -- 

25 
16 
16 
16 
16 
16 
14 
16.50 
16.50 
106 

3 
60 
16 
16 
16 

168.50 
18 
14 
77 
94 

177 
177, 
177 
177 
220 
140 

16 
16 

177 
177 
177 

25 
140 

25 
16-50 
16.50 

3 
3 

18 
50 

112.50 
'109 

44 
63 
40 . 5 

... 

5.50 
3 
3 
3 
3 
2 
6 

6.50 
12 
9 
6 
2.50 

17 
7.25 

10.50 
16 
7 
7 
7 
7 

5-50 
S 
3 

70 
3 

5.50 

17 
7.25 

70 
5 
3 

1.50 
1-50 

3.50 
6 
9 
5 

8.50 
9.50 
3.50 
6 
7 
7 
7 

23.07 
3 

... 
- 

: 1 12,390 

18,578 --- 

... 

1 
1 

4 
8 

14 
14 

18.07 
1 3  
8 
9 

13 
IY.07 
14 

18.07 
13 
3 

14 

... 
- 

90,336 

- 
90,336 

885 
531 

, 

300 
3,360 

2,450 
2,772 
5,366.79 

390 
168 

2,052 
4,550 

24,394.50 
21,364 
11,131.12 
9,646 

23,885-60 
1,890 

k10,010.01 



( 2s 1 
ESTIMATE No. 15.-FALL 4.07 AT ROORKEE,-continued. 

- 

DESCRIPTION. 

Brought forward 

Buperulruclrre,-cd. 

... Step ... ... 
... ... ... ,a 

Backing of arches ... 
... $3 )I -.- ... Abutment of bridge 

Retaining wall down-stream 

Deduct. 

... Hollows in walls ... ... J S  ... 

... JJ ... 
Piere ... ... ... 

... Arches of piers ... 

Arc&-work. 

... Inverts ... ... ... Arches over fall ... 
,, lock ... ... 

... Piera ... ... 

Bricksn-edge. 

... Lock flooring ... 
... ... 2) ... ... 9 )  

Flooring of fall basin 
Top of drop wall ... 

curtain ... 
Roadbay of bridge 

GRAND TOTAL BUCK-WORK 

Corerete ... ... 

P* ... ... 

K a h r  w Boulders 

ficuvation. 

Fonndatione ... 
Baain ... ... 
Drainage cut ... 

TOTu 

... 

Tmrr. 1 NO. 
. . . . . .  

2 
2 

10 
R 
2 
2 

8 
2 
2 
9 
9 

R 
10 
2 
9 

2 
2 
2 

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

. . . . . .  

. . . . . .  

... 
. . . . . .  

. . . . . .  
a 
2 

. . . . . .  

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

. . . . . .  

I GuND 

1 =. 1 P u . - ~ .  1 L. 1 n. 

124,023.01 

19,653 -- 

10,636 -- 

15,258 -- 
... 

40,887 -- 

11,540 -- 
5,310 

--. 

1,454,474 --- 

.., 

R 
R 
1 
1 
9.50 

1 3  

17 
17 
14 
8 
1.50 

1-50 
1 
1 
1-50 

1 
1 
1 
1 
1 
1 

-25 

... 

3 

8 
1s 
1 3  

2 

... 
4 

24 

,.. 

16 
8 

15 
18 
3 

140 

90 
28 
50 
33 
42 

168.50 
16 
19 
48 

16 
16  
16 

177 
177 
177 
227 

... 

77 

177 
75 
60 

177 

i?7 
2,000 

90,336 

104,370 

, 10,636 

15,258 -- 
220,600 

40,887 

11,640 

6,310 

1,464,474 

= 

110,010~01 

448 
96 . 

450 
108 
171 

12,740 

6,120 
1,904 
2,800 
7,128 
1,701 

8,340.75 
480 
114 

1,701 

544 
252 
33 6 

12,390 
885 
531 
340.5 

... 
40,887 - 

3,540 
6,400 
2,600 - 
6,310 - 

103,914 
49,560 

1,296,000 
- 

... 

7 
3 
3 
3 
3 
3-50 

2 
2 
2 
3 
8 

16.50 
3 
3 
3 

17 
7.25 

10.50 
70 
5 
3 
3 

... 
177 

2.50 
a 
2 

15 . 

7' i  
27 



( 26 1 
ESTIMATE No. 15.-FALL 4-07 AT ROORKEE,-continxerE. 

ABSTRACT OF COST OF ESTIMATE No. 51. 

DESCRIPTION. / No. 1 I. 1 B. 

i 

GUND D. 1 Q u ~ r n r ~  TOTAL. I Tmrr 

Pitching slopes ... ... 

Demolition. 

Revetment wall . . . ... 

Grating . . . ... ... 

Girders ... ... ... 

Wall-plates . . . ... ... 
Lock g a b  ... ... ... 

Crabe . . . . . . . . . ... 

Chain . . . ... . . . ... 

r- 

QUANTITY. 

50 

300 

15 

17 

15 

9-54 

... 

27.50 

29.50 

2 

... 

10 

30 

10 

4 

8 

4 

4 

I- I 

-- 

DESCEIPTION. 1 TOTAL 

Cubic feet 
J #  

JJ 

J J  

)J 

JJ 

)J 

JJ 

J J  

I J  

JJ 

Square feet 
Lineal feet 

~ & b e r  
Square feet 

Number 
JJ 

J J  

Lineal feet 
Number 

24 

4 

37.5 

... 

... 

{ :; f 
... 

... 

... 

1 

12.50 

... 

. . . 

. . . 

. 

... 

... 

. .  

I 

Boulder masonry in foundations, at Rs. 14 per 100 ... 
,, ,, superstructure, ,, ,, 20 ,, 100 ... 
,, JJ ,J 24 J J  100 - -  

Arch-work, a)l &r. 26 per ?00 . . . . . . ... . . . 
Brick-on-edge, at RE. 25 per 100 ... ... ... 
Concrete, a t  Rs. 14 per 100 ... . . . ... . . . 
Puddle, at Rs. 10 per 1,000 ... ... . . . ... 
Boulder flooring, dry, at Rs. 7 per 100 . .. ... ... 
Pitching slopes, at Ks. 10 per 100 . .. ... ... 
Demolition, old masonry, at Re. 1 per 100 ... . . . 
Excavation, at Rs. 2.5 per 1,000 ... ... . . . 
Grating, at Rs. 1.15 per square foot ... ... .. 
Girders, at Its. 4.25 per foot ... ... . . . 
Wall-plates, at Rs. 6.25 per foot ... . . ... 
Sleepers, at Rs. 11 -633 each . . . . . . . .. ... 
Lock gates, a t  Rs. 6.5 per foot ... ... . . . . . . 
Crabs, at Ets. 135 each . . . . . . ... . . . ... 
Sluices, at Rs. 125 each . . . ... ... . . . ... 
Pulleys, at Rs. 5 each .. ... ... ... ... 
Chain, at Re. 1 per foot ... ... ... ... . . . 
Hookg a t  Rs. 7 each ... ... . .. ... ... 

GRANDTOTAL 
-- 

90,336 
74,370 
30,000 
10,636 
15,258 
40,887 
11,560 
5,310 
2,40O 

15,000 
1,456,474 

5,625 
510 
150 
72 

1,145 
8 
8 
8 

228 
2 

2,400 

15,000 

5,6015 

510 

150 

1,144-8 

8 

110 

118 

2,4#00 -- 

15,000 -- 
. . . 

. . . 

... 

... 
8 -- 

228 -- 

Rs. 

12,647-04 
14,874.00 
7,200.00 
2,765.36 
3,814.50 
6,724.18 

1 15-40 
371.70 
240.00 
150.00 

3,656.18 
6,468.75 
2,167.50 

937.50 
837.00 

7,442-50 
1,080.00 

100-00 
40.00 

228.00 
14.00 

71,753.61 

-- 

2,400 

15;OOO 

5,625 

510 

150 

1,144.8 

8 

228 
1 



ESTIMATE NO. 16.-ADDITIONS, kc., TO GUNESHPOOR, LIBURHEREE AND 
DIMAT BRIDGES. 

- 
D E S C B ~ O N .  

Digging boulders out of crib-work 
... ss s~ 

Denwlition, OM M i o n y .  

Rooring ... ... ... 
Curtains ... ... ... 
Water-winga ... ... 

... ... 
Steps )dr Ghat ... ... 
Step ... ... ... 

... ... 9s ... ... 
... ... ... JJ . m a  ... ... ... 

c ~ k . e r f o 0 &  ... ... ... 
Pillare ... ... ... ... 

... Wing-walla ... ... 

... ... JJ ... 
... n ... ... 

Parapet ... ... ... ... 
Pillar8 ... 0.. ... ... 

New 3fauonry. , 

Wella ... ... ... ... ... ... ... .. ss ... ... ... JJ ... JJ ... ... 
... ... ... JJ ... 
... ... ... 

~ditrne;  ... ... 
Counterforts ... ... ... 
Backing of arch.. . ... 

... ... 
spandr{e ... ... ... 

JJ .. ... ... 
Wing-malls ... ... ... 

... ss ... ... 

... 2s ... ... 
Pillars ... ... ... ... 
Parapet ... ... ... ... 
Pillars ... . , , .., ... 
Pillae ter ... ... ... ... 
Piers ... ... ... ... 
Cornice ... ... ... ... 
Fonndatione of water-winp ... JJ stairs 
Water-wings ... ... 

... JJ . . 
Ghat ... ... ... 
S t e p  ... ... ... ... ... ... ... ... 9 ,  

Flooring ... ... ... 
Superstructure steps ... 

- 

1 No. 

2 
2 

3 
6 . . . . . .  

. . . . . .  

. . . . . .  . . . . . .  
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 

2 
2 

. . . . . .  

. . . . . .  
2 
2 

. . . . . .  
2 

. . . . . .  

. . . . . .  
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
2 
2 
4 

. . . . . .  

GRAND I L. I B. 1 D. Q r a n m )  TOTAL. I Tmrrm 

179 
70 

55 
55 

110 
29 
39 
IS  
I 2  

6 
12  
4 
4 

40 
31 
14 
40 

3 

2$.2.5 
38.48' 
25.12 
28.27. 
15.71 
7 . 0 ~  

21 
6 

21 

3.68 
3.6s 

2 
3.68 

10 
15 
4 
5 

1.5 
1 7  

3.50 
I4 
18 
12 
6 

22 
3 
3 

9 
... 
9 

... 
9 

... 
23 
17 
6 

10 
10 

21 
2 
2 
2 

14 
3 
6 
8 

15 
6 
4 
2.75 
2.75 
2.75 
1.50 
3 

2 
1.50 
2 
1.50 
2 
1-50 
7.50 
4 
8 

1,470 
600 

1,050 
2,640 
1,023 
1,694 

576 
9 1 8  

54 

672 
224 

229.5 
2,025 

270 
1,720 

8 7 0  
1,792 
2 , 1 6 0  
1,632 
4,620 

21 
20 
70 
40 . 
31 
14 
4 

108 
3 
7 
7 

102 
90 
18 
86 
29 
32 
12  
6 

55 
18 

13,174.40 
5,152.00 

6,930 
2,428.80 
2 , 2 0 0  

8 7 0  
1,792 

270 
2 , 1 6 0  
1 , 6 3 2  
1,260 
1,008 

576 
2,640 
1,023 
1,694 

360 
5 4 
-- 

1,017 
11 5.44 
452.1 6 
42.40 

565.56 
21-18 

3,622.50 
816 

1,008 

1 270 34J170 

18,326 

r6,897.80 

7 / l o  
2-50,  3 
2.50, 3 

1; 
2.75 ' 22 
4 1 18 
1-50 3 

3 16 
: 1 

34,170 

18,326 

26,898 

-75 
4-50 
3 
2 
2 

14 
6 
8 

21 
3 

1.50 
5 
5 

I 0  
15 
4 

,15 
17  
1 



ESTIMATE NO. It!.-ADDITIONS, Dc., TO GUNESHPOOR, LIBURHEREE AND 
DIMAT BRIDGES,-continued. 

ABSTRACT OF COST OF ESTIMATE No. 16. 

FUND DESCRIPTION. / Xo. I L. 1 B. 1 D. Q r a ~ r m  TOTAL / Tmrr. 

57 

70 
55 

55 

179 
70 

... 

55 

70 

130 
130 

Arci-work . . . ... ... 

Brick-on-edbe. 

Roadway.. . ... ... ... 
Flooring . . . ... ... ... 

Boulder jlooring, d y  . . . ... 

Filling in old bouldm . . . ... 

Sketpiling 10 x 3 x % ... 

Valing pieces . . . ... ... 

Metalling . . . ... ... 

Excavation ... ... ... 

TOTAL 

Re. 

138.38 
368.98 

7,517.40 
1,149.1 2 

735.00 
385.00 
174.30 
31 5.00 

1,473.75 
55.00 
40.98 

450.00 
480.45 
595.60 

---- 
13,768-83 

... 

... 
4 

2 

2 
2 

262 

2 

... 

... ... 

DESCRIPTION. 

Digging boulder out of cribs, a t  Rs. 7 per 1,000 ... 
Demolition, old masonry, a t  Ke. 1 per 100 ... ... 
Brick-work, at Rs. 23 per 100 ... ... .. . ... 
Arch-work, heavy, a t  Rs. 32 per 100 ... . . ... 
Brick-on-edge, a t  Rs. 25 per 100 . . , ... ... 
Boulder flooring, dry, a t  Rs. 7 per 100 ... ... ... 
Filling old boulders, a t  Rs. 7 per 1,000. .. . . . ... 
Well, sinking, at Rs. 7 per foot. .. ... . . . .. 
Piles, at Rs. 5,625 each ... ... . .. . . . . . . 
Waling pieces, at Re. 1 per foot ... ... . . , 
Metalling, at  Its. 6 per 100 ... . . ... ... 
Large curbs, a t  Rs. 90 each ... . . . ... 
Excavation, at Ks. 2 3  per 1,000" ... ... ... 
Tow-path ... ... ... . . . . . . . . .  

GRAND TOTAL 

QUANTITY. 

I 

3,591 

630 
2,310 

5,500 

17,900 
7,000 

262 

5 5 

682.5 

93,600 
78,000 

-. 

3,591 

2,940 

5,500 

24,900 

262 

55 

683 

1,71,600 

-- 

21 

18  
21 

10 

10 
10 

... 

1 

13 

60 
40 

Cubic feet 
JJ 

,J 

I J  

,J 

IJ 

JI 

Lineal feet 
Number 

Cubic feet 
JJ 

Number 
Cubic feet 

3,591 

2,940 

6,500 

24,900 

262 

65 

683 

1,7 1,600 

3 

.5 
-5 

5 

6 
5 

. . . 
-50 

.75 

12 
15 

18,326 
26,898 
34,170 

3,591 
2,940 
5,500 

24,900 
45 

262 
55 

682 
5 

171,COO 



( 29 1 
ESTIM-4"J'E NO. 17.-ALTERATIONS TO HAFEZNUGGUR FALLS. 

GRAND D ~ ~ I O N  or  WORKS. 1 M 1 Ii. 1 8. 1 D. 1 QUANTITY. 1 TOTAL. 1 
2!xcavation. 

New channels to locks 
Filling behind side walls of 

falls ... ... ... 

DEMOLITION, OLD MASONBY. 

At  head of .Lock Qannel. 

... Retaining walls 

... 
hnntertdrtg ... ... 
Ghat ... ... ... ... IJ 

... JJ .-. ... ... 21 ... J# ... 
... ... ,, 

42.5 

16 

3 
2 
3 
4 
3 
5 

1.5 
6 
4 

. . . . . .  
2 

. . . . . .  

. . . . . .  
5 

. . . . . .  

. . . . . .  

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

. . . . . .  

. . . . . .  
... ... G b o h a  lead ... 

2, ,I . . 
On h e k u .  

... Bridge ... ... 
... ... ... JJ 

... ... 31 ... 

... ... ... JJ 

Falla. 

... Flooring ... ... 

... ... ... JI 

~u;ed en& of "chambe; 
walh ... ... ... 

Digging boulders out of cribs 
IJ 11 

RAJBUHA HEAD, vide ESTI- 
UTE No. 114. 

Maaon y. 

Lock bridge abutments ... 
JJ 2 J ... i n  ... ... 

Parapets ... ... ... 
... ... I1 ... 

Backing of arches.. . 
... 1, 

Carried over 

1,500 

40 

260 
260 

4 
102 
102 
102 
102 
102 
ioe  

15 

8 

8 
3 
8 
4 
4 
1.5 
8.5 
3 
2 

11 
3 
4 

2.25 
2.25 
2.5 
2.5 

2.65 
2.65 
2-65 

5.5 
8 
4 
2 

0.82 
0.82 

1.65 
1.65 
3 
2.25 
2.25 
1-25 
1.25 

... 

. . . . . .  
2 . . . . . .  

2 
2 
2 
2 

4 
2 
3 

2 
2 
2 
2 

... 
2 

2 
. . . . . .  

4 
2 
2 

. . . . . .  

. . . . . .  

. . . . . .  

966,490 

956,250 

10,240 
---L 

6,240 
1,560 

450 
1,632 
1,224 

765 
1,300.5 
1,530 

816 

91,973 

15,859 

966,490 --- 

3,102 
3,264 

800 

145.12 
97.87 

900 
1,400 

54,881.50 
2,517.50 

447.18 

3,630 
1,920 

720 
2,560 -- 

11,611.20 
4,247-60 -- 

267-30 
267.30 
180 
145.12 

97.87 
225 
360 

1,542.59 

6 tL 1 17 

91,973 -- 

15,859 --- 

- -  
H 

20 

21.5 
14.5 
18 
18 

95 
95 
12.5 

110 
40 
30 
40 

17 7 
70 

18 
18 
10 
21.5 
14.5 
10 
16 

... 

l o  

1.5 
1.5 

10 
16 

54.5 
5 
4.5 

3 
3 
3 

16 

80 
57 

4-5 
9 

1.5 
1-5 
1.5 
18 
18 

... 



ESTIMATE No. 17.-ALTERATIONS TO HAFEZNUGGUR FALLS,-continued. 

DESCBIPTION. GRAND 1 No. I Ii. 1 B 1 D. 1 Pourrn.  / TOTAL. I 
! 

31,954 

3,024 

10,609 

8,175 

4,752 

41 6 

176 

6,200 
- - -  

Brought forward 

Fu 2.2. 

Up-stream w i n g  ... ... 
Drop-wall on Ogee.. . ... ... Raising side walls ... 

,, chamber walls ... 
Lengthening piers . . ... 
New piers ... ... ... 
Counterforts ... ... 

Deduct. 
Openings and arches of piers 

II 3, JJ 

Arch-work. 

... Lock bridge 
J, ... ... 

Under piers ... ... 
... ... >J ... 

Brick-on-edge ... ... 

Stone fioring ... ... 

Grating .. ... ... 

Girders ... ... ... 

Vul2-p2ate8. .. ... ... 

... Pitching slopes 

Quann~n.  

Cubic feet 
s 

2) 

JJ 

IJ 

> J  

3, 

J, 

Squarefeet 
Lineal feet 

cudk feet 

DESCBIPTIOX. 1 COST. 

. . . . . .  

2 
4 
2 
3 
4 
8 
4 

4 
8 

. . . . . .  

. . . . . .  
4 
8 

4 
2 
3 

4 

16 

32 

16 

966,490 
91,973 
15,859 

... 
31,954 
3,024 

10,609 
8,175 
4,752 

416 
176 

6,200 

... Excavation, a t  Rs, 2-25 per 1,000 ... ... 
... Demolition, old masonry, at Re. I per 100 ... 

... Boulder digging, at Rs. 7 per 1,000 ... ... 
... Rajbuha head ... ... ... ... ... ... Masonry, a t  He. 22 per 100 ... ... ... 

... Arch-work a t  Rs. 28 per I00 ... ... ... 
... Brick-on-edge, a t  Rs. 25 per 100 ... ... 

... Stonu flooring, a t  Re. 2 per foot ... ... 
Grat i rg ,a tRs . l . l5per foot  ... ... ... ... 
Girders, at Rs. 4.25 per foot ... ... ... ... 
Wall-plates, at Rs. 6.25 per foot ... ... ... 
Pitching, a t  Hs. 10 per 1,000 ... ... ... ... 

GRAND TOTAL 
. 

- 1 

Rs. 
2,174.60 

919.75 
111.01 

1,410.78 
7,029.88 

846.72 
2,652.25 

16,350.00 
5,464.80 
1,768.00 
1,100.00 

620.00 -- 
40,447.77 

-. . 

ABSTRACT O F  COST OF ESTIMATE No. 17. 

... 

30 
54.5 
43 
43 
34 
34 
3 

... 

5 
4.5 
7.35 
9.35 

19.35 
19.35 
7-35 

4.5 
3 

I 
1 
1.5 
1.5 

1 
1 
1 

.75 

... 

... 

... 

... 

4.5 
5 
4.5 
4.5 
4.5 
3 
3 

loo 1 31 

1,542.59 

1,350 
4,905 
2,844.45 
5,427-67 

11,818.20 
15,789.60 

264-60 

5,148 
6,864 -- 

306 
198 

1,080 
1,440 -- 

Area. 
286 

43,966-11 

12,012 

3,024 

17 
11 
40 
40 

45 
45 
12.5 

54.5 

11 

13 

11 

6,200 -- 

286 

18 
18 
4.5 
3 

54.5 
7 
4.5 

50 

27 

... 

... 

6,200 -- 

I-- 9,810 
630 
168.75 

8,175 -- 
4,752 -- 

416 - 
176 - 

10,608.75 -- 
8,175 

4,752 -- 
416 -- 
176 

C _  





( 32 1 
ESTINATE No. 18.-ALTERATIONS TO MUNGLOUR BRIDGE,-continued 

ABSTRACT OF COST OF ESTIMATE No. 18. 
- 

GRAND DESCRIPTION. ( No. ( L. 1 B. 1 D. Qurmrr 

... 
12 
6 

41 
18 
56 
18 
37 
40 

7 
7 

46 

40 
70 

70' 
46 

212 

46 

70 

Brought forward 

... Stair ... ... ... 

... ... ... J,  

Ghat on &ht side ... ... 
... ... >I ... ...  hat)) ... ... ... ... ... ,) ... ... ... ... ... 3, ... ... ... ... 
... P i  ... ... ... 

Pillasters ... ... ... 
Flooring ... ... ... 

ArcA-wwk. 

... Ghats, light ... ... 

... Arch, heavy .., 

Brick-on-Edge. 

Roadway ... ... 
Flooring.. . ... ... 

.. Bmldrr fio;irg, " dvJ'. 

Wood-work. 

Waling pieces ... ... ... 

Metalli 119 ... ... 

C 
.- 

QUANTITY. 

. . . . . .  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. . . . . .  

2 
...... 

. . . . . .  

. . . . . .  

. . . . . .  

2 

. . . . . .  

-- 

... 
1.5 
6 
6 
2 
4.5 
3 
3 

20 
1 
1 

21 

20 
21 

18 
21 

10 

1 

13 

DESCMPTION. 

Cubic feet 
,I 

3) 

a) 
JJ 

J, 
1 

9 )  

1 J 

Lineal feet 
Number 

Cubic feet 
Lineal feet 
Cubic feet 
Number 

... 
19.5 
1 
3 
3 
5 

10 
14 
1.5 

10 
28 
1 

1 
3 

*5 
-5 

5 

'6 

075 

23,921.24 

702 
7 2 

1,476 
216 

2,520 
1,080 
3,108 
2,400 

140 
392 
966 

1,600 
4,410 

630 
483 

10,600 

46 

662.5 

1 

Demolition, old masonry, nt Re. 1 per 100 .. ... 
... Digging out cribs and boulders, at Rs. 7 per 1,000 

... Earth-work, at Rs. 2.5 per 1,000 ... ... 
Masonry, at Ks. 22 per 100 .. ... ... ... 
Arch-work, light, a t  Rs. 25 per 100 .. ... ... 

... ,, heavy, a t  Rs. 32 per 100 .. ... 

... Brick-on-edge, at Rs. 25 per 100 ... ... 
Boulder flooring, " dry," a t  Rs. 7 per 100 . ., ... 
Well, sinking, at Rs. 7 per lineal foot ... ... ... 

... Sheet piles, at Rs. 5.625 each ... ... ... 
... Waling pieres, at Re. 1 per foot ... ... 

15' Piling, at Rs. 7 per lineal foot ... ... ... ... Metalling, at Hs. O per 100 . . . . 
Curbs, at Rs. 90 each ... ... ... ... ,.. 
Tom-path ... ... ... ... ... . . 

GBAND TOTAL 

26,812 
7,600 

268,600 
36,999 

1,600 
4,410 
1,113 

10,600 
45 

272 
46 

204 
683 

5 

Rs. 
268.1 2 

53.20 
671.50 

8,139.78 
400.00 

1,411.20 
278.25 
742.00 
3 15.00 

1,530.00 
46.00 

1,428-00 
40.92 

450.00 
595.60 - 

16,369.57 

15 

36,999 

6,010 

1,113 

10,600 

46 

652 

36,999 

8,010 

1,113 

10,600 

46 

682 

4 
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ESTIMATE NO. lo.-FALL 6.87 AT LIBURHEREE BRIDGE. 

D e s c s m o ~ .  

Poundrrtha. 

Water-wings up-stream ... 
... Curtain IJ 

... Drop walla ... ... 

... ... ... JS 

Curtain under lower gates.. . 
... Sides of wells ... 

Abutments of gatesup-stream 
Abutments of g a b  down- 

... stream ... ... 
. Side walls of locks.. ... 

Abutment of bridge ... 
Side walls down-stream ... 
Flooring up-stream ... 

,, of well ... ... 
,, under gates ... 

Backing of inverts ... 
Outer mall of lock.. . ... 

... ,, sidesofwell 
... ,, of lock ... 

... J, ... ~ r o d ; 4 1 1  of fall . . 
... Curtain of fall ... 

... ... >I J) 

Flooring of fall ... ... ... W e b  ... ... ... ... JI 

... ... ... JS 

Covering of wells in curtain 
91 ,, in division 

walls ... ... ... 
Covering of wells in basin .. 

Deduct. 

r i de  Estimate No. 22 

Superatnrcture. 

... Water-win@ up-stream 
Abatmentsof gates up-stream 
Abutments of g a h  down- 

stream ... ... ... 
Abutments of bridge ... 
Counterforts ... ... 
Wing walls of bridge ... 
Side walls down-stream ... 

,, of lock ... ... 
Outer wall of lock ... ... 

... jJ 1, ... ... 9, 2, -.. 
Piers ... ... ... 

... ... ... ... st& ... ... 

... jt ... ... 
... Backing of arches ... 

... n J, .-. 

. . . . . .  Carried over 

1 0 .  1 L. 1 B. 1 D. / Po*~mr. 1 T a u  1 GRAND T- ' 

2 
2 
2 
2 
4 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

... 

... ... 

... 

... 

... 

5.5 
3 
3 
3 
3 
6 
6.5 

12 
9 
6 
6 

17 
7.25 

10.5 
I6  
7 
7 
7 
7 
5.5 
3 
3 

66 
1.5 

25 
16 
16 
16 
16 
14 
16.5 

16.5 
106 

3 
5n 
16 
16 
16 

168.5 
18 
14 
77 
94 

213 
213 
213 
213 

14.12 

8 
5 

10.87 
4 
3 
4 
8 

2.5 
2.5 
2.5 
2.5 
3 
3 
2.5 
1.75 
8 

13.87 
8 
5.5 

12.37 

. 
26 

2 
2 

... 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

11 
11 
2 
2 

12 
2 

2,200 
480 

1,013.52 
384 
576 
672 

1,716 

990 
4,770 

90 
1,500 
1,633 

696 
840 

9,436 
2,O 16 
2,718.52 
8,644 
7,238 

14,491-45 

9 
15 

2 
i3 

... 

14 

14.12 1.5 ':'bl .: 
101,730 

17,174 -- 

5,7 18.60 
275.34 

61 6 
2,520 -- 

...... 

2,450 

4 
1.5 
1.5 
7 
9 

22 
105 

... 

-25 
16.5 

16'5 
3 
3 

12 
50 

112.5 
109 
41 
53 
37 

5 
18 
2 

15 
18 

... 

84,656 

2,556 
938.50 

21,087 
3,854.76 
2,030.40 

7 
6 

... 

3.5 
6 

9 
5 
8.5 
9.5 
3.5 
6 
7 
7 
7 
3 
3 
7 
1 
3 
3 

... 
1 

... 

14 

20.87 
14 
8 
9 

14 
20.87 
14 
20.87 

14 
24.87 
14 
2 
2 
1 

108 -- 
124,672*51 

2,772 

6,198.39 
390 
168 

2,052 
4,900 

23,174-50 
21,364 
11,979.38 
10,338 
30,366.27 
2,310 

504 
8 

540 
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ESTIMATE NO. 19.-FALL 6.87 AT LIBURHEREE BRIDGE.-continued. 

ABSTRACT OF ESTIMATE NO, 19. 

- 
' DESCRIPTION. D. GRAND Qurrrm.  1 T m u .  1 

Brought forward 

Superstruclure-contd. 

Abutment of bridge ... 
Retaining walls down-stream 

Deduct- 

Vide Estimate No. 22 

Lock ga tes... ... ... 
RemainderasEstimateNo. 22. 

124,672.54 

171 
10,290 -- 

... 
1,106-04 -- 

QUMTPPY. 

... 

3 
5.5 

... 

... 

DEGCEIPTION. 

Cubic feet. 

JJ 

), 

Square feet. 

... 

9.6 
14 

... 

{ 

135,133.54 

25,082.50 -- 
... 

. . . . . .  I ... 

... Masonry in foundations, at Rs. 20 per 100 ... 
, , , ,  ... ... superstructure, at Rs. 20 per 100 

... ... ,, ,J )a at Re. 24 per 100 

. Lock gates, at Rs. 6.5 per square foot.. ... ... 
Remainder as Estimate No. 22 ... ... ... ... 

G u m  TOTAL 

84,556 

10,061 

40,000 

1,107 

110,051 

1,107 

2 
2 

. . . . . .  
4 

Ra. 
16,911-20 

14,010.20 

9,600 

7,195.5 

27,448.71 

75,165-61 

3 
105 

... 
9.54 



ESTIMATE NO. 20.-ALTERATIONS TO MUNDOWLEE TOGLUGHPOOR 
BAILRA BHOPA BRIDGE. 

Demolition, old masonry. 

... rater-wings 
Stairs ... 
Stair on wing-wall 

,a J J  

cou~Lrfor te  " 
Pillars ... ... Wing-walls 
Parapets ... 
Pillar ... 
Flooring ... 
Curtaim ... 
Flooring under tow-path ... ... ... Curtaim ... 

~ e w  masonrg.. I 
1 ... ... Wells ... I a 

... ... ... 
~ ~ t m e n t s  ... ... ... ... Coun tex forts ... ... ... Backing of arch ... ... ... ... sp& ... ... ... ,, 
Wing-walls ... ... ... 

... ... Pillars 1. 

Parapets ... ... ... 
Pillare ... ... . . 
Stair on wing-wall ... ... 

... ... 93 ,> ... 3, >a . a .  

Cornice ... ... ~ o n n d ~ t i o n s  of Ater&inga 
stairs... ... 

s + h  ,, ... ... 
Fioomg ... ... ... 
Crvtain ... ... ... 
Pillasters ... ... ... 
Water-wing ... ... ... 

F'iii2.e Estimate No. 16. I 
13smPinder ae Estimate No. 16. 

3 7 2 10 1,480 
2 3 3 5 690 

8-33 3 12 600 
8.33 3 15.29 764-5 

11 3 5 330 
4 5 16 960 
4 4 15 29 489-28 

30 2-75 24.25 4,001.25 
30 1-50 3.25 292.50 
3 3 3.25 58-50 

ti5 e l  a 6,930 
5 5 2 3.65 2,528.80 

Area. 

38.48 1-50 115.44 
25.121 2 9 452.66 

Area 
2827 1.50 42.40 

1 5 - 7 1 1 2  g 565.56 
Area 
1-06 1-50 21.18 

ea 7-50 21 s,7no 
6 4 15 720 

2 1 8 6 1,008 
a I 7 10 1,470 
20 2-50 3 600 
70 2.50 3 1,050 
30 2.75 24-25 4,001.25 
4 4 15-29 489'28 

95 1.50 3-25 926.25 
3 3 3.25 5H.50 
8.33 3 18 600 
8-38 3 15.29 764'5 

11 3 5 330 
95 -75 1-60 a13.75 
3 7 4.50 5 1,655 
23 3 5 690 
23 3 5 690 
55 21 1 4,620 
65 a s 660 

7 1 14 196 
37 2 10 1,480 

28,226*27 . -- 

... ... ... 245 -- 245 



( 36 1 
ABSTRACT OF ESTIMATE No. 20. 

ESTIMATE NO. 21.ADDITIONS TO MUHMOODPOOR FALLS. 

TOTAL. 

Rs. 
199.04 

6,209-72 

1,378.12 

4,508.7 

12,295-58 

> 

ABSTR.ACT OF ESTIMATE No. 21. 

DESC~PTION. 

Demolition, old masonry, at Re. 1 per 100 ... 
Brick-work, at Rs. 22 per 100 ... . . . 
Sheet piles, at Rs. 5.626 each ... ... 
Remainder as Estimate No. 16 ... . . . 

GRAND TOTAL 

QUANTITY. 

Cubic feet. 

. 83 

Cubic feet 

1J 

Number 

~ Q U A N T I T Y ~ ~ ~  D E S ~ O N .  1 No. 1 L. 

Demolition old masonry, at Re. 1 per 100 . . . ' .. . 1 1,118-37 

19,904 

28,226 

245 

l3. 1 D. 

Boulder digging, at Rs. 7 per 1,000 . .. . . . . . . 173.28 

Dnozitior, old ~ o n r ~ .  1 

Remainder as Estimate No. 17 ... ... ... 1 39,417.03 

Vide Estimate No. 17 . . . ... 
Additional in flooring . . . ... 

... . . . . . . ... 91,973 

4 95 54-50 0.91 18,846 

2 95 5 0.91 864.5 

3 12-50 4.50 0.91 153.5 

111,837 

Digging bonklers out of cribs ... 

Remainder as Estimate No. 17. 

111,887 
117 80 1.28 18,124-80 

2{ 70 37 1-28 6,63041 

1 24,755 

24,755 



ESTIMATE No. 22.TOGLUGHPOOR FALLS. 

Water-wings up-stream ... 
Curtain ... ... ... 
Drop walls ... ... ... ... ... 1, ... 
Cnrtains under lower gates ... 

,, sides of wells ... 
Abutments of gates up-stream 

,, ,, down-stream 
Side  walls of locks ... ... 
Abutments of bridge.. . ... 
Side wall down-stream ... 
Flooring up-stream ... 

,, of well ... ... 
,, under ga tes... ... 

... Backing of inverts ... 
Division wall of lock ... 

,, ,, sides of well ... 
... ,, J ,  of lock 
... ,#  miw wall tf fall ... ... 

Curtain of fall ... ... 
... ... J ,  

Flooring of fall ... ... 
Wells ... ... ... 

... 3, ... ... ... ,J 

Covering of wells in Curtains.. . 
,, ,, division wall 
,, ,, bash ... 
Deduct Brick-on-edge. 

Lock flooring ... ... 
... ... ... J ,  

Flooring of fall ... . . 
Tops of drop wall and curtain. . 

... Iiollow foundations ... 

Water-wings up-stream ... 
Abutments of gates upstream. 

>I ,, down-stream ... Abutments of bridge ... 
Counterforts ... ... . . 
Wing walls of brid ge... ... 
Side walls down-stream ... 

... ... J J  oflock 
Division wall of lock ... ... 

... ... ... # ..* 
Backing of arches ... ... 

Carried over ... 

16 3 
14 6 
16.5 6.5 
16.5 1% 

106 9 
3 6 

5 0 2.5 
16 17 
16 7-25 
16 10.5 1 

168-5 16 
18 7 
14 7 
7 7 7 
94 7 

213 5 -5 
21 3 3 
21 3 3 
213 66 
14-12 1.5 
18.8 2 
14.12 1.50 

Area. 
7.06 

22 7 
105 6 

16 
16 
16 

213 
213 
25 

25 
16.5 
16.6 

3 
3 

l a  
50 

112.5 
109 
4 1 
53 
3 7 

5 
18 
2 

15 

... 

17 
17.25 
10.5 
66 
8 
1-5 

3.5 
6 
9 
5 
3.5 
9-5 
3-5 
6 
7 
7 
7 
3 
3 
7 
1 
3 

a,. 



ESTIMATE No. 22.-TOGLUGHPOO R FALL,--conlinued. 

Q u a m  

130,312.68 

DESCBIPTIQW OF WORK. 1 No. ( L. 1 T m n  B. 1 D. 
... 

18 
3 

105 

90 
28 
60 
27 
45 

168.5 

16 
19 
45 

I6  
16 
16 

218 
2 13 
265 

73 

213 
75 
50 

213 

213 
... 

50 

15 

17 

... 

3 
3 
3.5 

2 
2 

3 
3 

16-5 

3 
3 
3 

17 
7.25 

10.5 
68 

8 
3 

213 

2.5 
2 
2 

15 

68 
. . 

24 

31.5 

... 

Brought forward . . . 
Superetructure,-fcmtd.) 

Backing of arches ... ... 
Abutment of bridge ... ... 
Retaining walls down-stream ... 

D e d u c t  

Hollow walls . . . ... ... 
,, ... . . . ... 
3, . . . ... ... 

From piers . . . . . ... 
Arches of piere . . . . . . ... 

ArcA-work. 

Inverts . .. ... ... ... 

Arches over fall . . . . . . ... 
JJ ,, locks ... ... 
,, under piers . . . ... 

Brick-on-edge. 

Lock flooring . . . . . . ... 
>, ... ... ... 
99 . . . . . . ... 

Flooring of fall . . . ... ... 
Tops of drop wall and curtsin . . . 
Roadway of bridge . . . 

Concrete . . . ... ... ... 

Puddle ... . . . ... ... 

Kunkur or hulder$wn'ng . . . 

ficavatwn. 

Basin . . . ... ... 
Add found'ations . . . --. 

PilcAing slope8 ... ... 

Grating ... . . ... ... 

Girders .. . ... . . ... 

! IGWAND 
... 

1 
9.5 

14 

17 
21 
14 

, 13 
1.5 

1.5 

1 
1 
1-5 

1 
1 
1 
1 
I 
.5 

3 

12  
22 
13 

2 

4 
... 

1 

... 

... 

. . . 

2 
2 
2 

2 
2 
2 

11 
11 

2 

12 
2 

11 

2 
2 
2 

... . . , ... 

... 

... 
2 
2 

... 

... ... 

2 

'12 

36 

115,799 

8,341 

2,917 

17,271 

46,M7 

15,590 

6,390 

l6!2,llO 

%,400 

5,670 

61 2 

108 
171 

10,290 

6,120 
2,352 
2,800 

11,583 
2,227-50 -- 

8,340.75 -- 
576 
114 

2,227.50 -- 

544 
232 
336 

14,058 
1,704 

397.50 -- 
46,647 -- 

6,390 
6,600 
2,600 
- 

6,390 -- 

57,936 
104,174 -- 

2,400 -- 
5,670 -- 

612 - 

140,881.68 

25,082.50 --- 

8,341 -- 

2,917 -- 

17,271 -- 
46,647 -- 

15.590 --- 
6,390 -- 

162,110 -- 
2,400 --- 
5,670 

612 -- 



( 39 1 
ESTIMATE NO. 22.-TOGLUGIIPOOR FALL,--contiuitenl. 

ABSTRACT OF COST O F  ESTIMATE No. 22. 

--- - - - - - - .- - - - - - - - - - -. - - - - -- ~ 

QUANTITY. I DESCHIPTIOX OF WORK. 

-- - - - - - - 

D s c r u m o ~  OF WORR. 1 No. 1 L. 1 . 1 D. uuA,=iiy LA,. 1 $-jf 

Cubic feet 
IJ 

19 

99  

JJ 

1, 

2, 

9 ,  

1, 

,> 
,9 

Square feet 
Lineal feet 

1 , 

feet 

... Masonry in foundations, at Rs. 20 per 100 
11 superstructure, a t  Rs. 20 per 100 
,t ,, a t  Rs. 24 per 100 ... Arch-work inverts, at Rs. 26 per 100 ... 
,, light, a t  Rs. 25 per 100 ... ... 

... Brick-on-edge, a t  R3. 25 per 100 ... 
... Concrete, at Rs. 14 per 100 ... ... 
... Puddle, at Rs. 10 per 1,000 ... 

... Boulder flooring " dry," a t  Rs. 7 per 100 
Excavation, at RR. 2.5 per 1,000 ... ... 

... Pitching, at Rs. 10 per 100 ... ... 
... Fall grating, a t  Rs. 1.15 per square foot 

... Girders, at Rs. 4.25 per foot ... ... 
... Wall-plates, at Rs. 6.25 per foot ... 

... Sleepers, at Rs. 11.625 each ... ... 
... Hooks, at Rs. 7 each ... ... ... 

Lock gates, at Rs. 6.5 per foot ... ... ... ... Crabs, at K8. 135 each ... ... ... 
. 9luices, at Rs. 125 each.. ... ... ... 

... Pulleys, at Rs. 5 each ... ... ... 
.. Chain, a t  Re. 1 per foot. ... ... ... 

... ... Wall-plates ... 

... k k  gates ... ... 

... ... Chain ... ... 

Re. 

17,400 
15,159.80 
9,600.00 
2,168.66 

729.25 
4,317.75 
6,530.58 

155.90 
447.30 
405.27 
240.00 

6,520-50 
2,601 
1,125 

837.00 
14-00 

7,566 
1,080.00 
1,000.00 

40.00 
236.00 

180 

1,161 

2.36 

- ,  

12 

4 

4 
4 

... 

...f:i.5} 
... 
... 

- 

15 

9.54 

27.5 
31.5 

- 

180 -- 180 

I-- 1,163.85 

... 

... 

... 

-- 

-- 
1 1n 

" 

... -- 

,,, -- 
- - -  - 



R,,.QITfMh'fh! Sr,, 22, A f,TY,BATlo'.V3 TO SIRGAJSEE PALLS. 
- .- - ~ 

-- -- 
1 

D ~ u ~ l n l n r  hr Warr. 1 So. I,, I B. . f ,k~rn{  T ~ A L  TOTAL- 

1 , I 
h k  (3annal 

I 
,,, ...: ... 1,6M ' 

Riling behind sirle wallr / 2 / 4 0  1 ... 

Dmli l im,  old Manonry. 

At head of h k  Channel ,. I I 

F& &timate No. 17. I 

BLmring of 611r 
* * *  ' .I* I 

... 95 ; 

~5 99 .., ::: 1 12.5 
I 

Digging bolden oat of eriba 1 ... 1 350 I 

Ti& Fhtimate No. 17 . . . . . .  
Additional on up dream water- 

wings ... ... ... 2 

LbCt bridge uide Estimate 
. . . . . .  No. 17 ... .,. 

Remainder aa Eetimate No. 17. 

ABSTRACT OF COST OF ESTIMATE No. 23. 
- 

 QUA^. DESCBIPTION OF WORK. 

Cubic feet 

,, 

,, 

, 

91 

... Excavation, at Rs. 2-25 per 1,000 ... ... 

... Demolition, old masonry, a t  Re. 1 per 100 ... 

... ... Excavating boulders, Rs. 7 per 1,000 

... ... Relaying boulders, at Rs. 7 per 1,000 ... 

... ... ... Brick-work, a t  Rs. 22 per 100 ... 

... Remainder as Est,imate No. 17 ... ... 

GRAND TOTAL 

694,240 

127,107 

140,000 

140,000 

30,681 

Re. 

1,562.04 

1,271.07 

980.00 

9SO.M) 

6,749.82 

30,212.56 

- 
41,755.49 
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ESTIMATE NO. 24.-ALTERATIONS TO JAOLI FALLS. 

ABSTRACT OF COST OF ESTIMATE No. 24. 

D~scarmow. 

Demolition, o M Maaonry. 

Tide Estimate No. 23 ... ... 
Additional for round ends of 

walls, vide Estimate No. 17 ... 
Widening of flooring differently 

from Nerzajnee falls, vide 
Estimate No. 23 . . . ... 

DeducG 

In  flooring ... . . . ... 
JJ . . .  . . . ... 

Boulder digging . . . ... 
JJ ... ... 

Remainder as Estimate No. 23. 

... 

. .. 

2 

4 

2 

... 
2 

Ra. 

1,068.87 

)J 

Demolition, old nlasonry, a t  Re. 1 per 100 ... .. . Cubic feet 106,287 

- 

23,401 

. . . 

... 

95 

9s 

12.5 

177 

70 

. . . 

. . . 

5 

54.5 

4.5 

80 

37 

Boulder digging, at Rs. 7 per 1,000 . . . . . . 163.80 

Remainder as Estimate NO. 23 ... ... ... I 38,524.43 

... 

... 

3.42 

1.58 

1.58 

1.21 

1.21 

G u m  TOTAL 

139,186 

32,895 

23,401 -- 

127,107 

8,830 

3,249 
-- 

39,721, 

177.75 -- 
17,133.60 

6,267.80 

39,751-09 

106,387 

23,401 



ESTIMATE NO. 25.-ALTERATIONS AT FUTTEYGURH BRANCH HEAD. 

Demolition, old Masonry. 

... Parapets ... ... 

... ... J J  , . a  

... ... ... Y J  

Pillars ... ... ... 
... Side arches ... ... 

New Haeonry. 

Abutments ... ... ... 
Hacking ... ... ... 
Raising spondrile, &c. ... ... 

... Y J  J J  ..a 

Wing-walls ... ... ... 
Riising pirrs ... ... ... 
Raising c~rcular mall ... ... 
Raising retaining walls of plat- 

form ... ... ... ... 
Ditto ditto of pillars ... 
Ditto ditto of ghat ... 

Raising waterwings down-stream 
New wings and steps ... 

... ... ... J S  ... Flooring ... ... 
Backing of inverts ... ... 
Water-wings of lock ... ... 

... ... J Y  J J  

Weir on Futteygurh Branch Head ... Parapets ... ... 
... J l  ... . . a  

Pillars ... ... . . 
Between walls cn roadway ... 

Hollows in walls ... ... 

Inrerts on lock ... ... ... 

Brick-on-edge ... ... ... 

Chain ... ... ... ... 1 4 1 33.5 1 ... 1 



ESTINATE No. 25.-ALTERATIONS AT FUTTEYGURH BRANCH I-IEAD,--eontd. 

Iran gotea ... ... 

Wooden gates ... ... 
... I ... ,a ... ... 

... Chain, heavy ... ... 

i ... ,. ... ..a 

Pitching ... ... ... 

ABSTRACT OF COST OF ESTIMATE No. 25. 

Cubic feet 
,J 

,, 
,, 
,I 

Sqnare feet 
Number 

9, 

9 ,  

Lineal feet 
1 ,  

Square feet 
,, 

Number 
Lincnl feet 

19 

Number 
Cubic feet 

... Demolition of masonry, a t  Re. 1 per 100 ... 
Bricli-work, a t  Rs. 22 per 100 ... ... ... 
Arch-work, a t  Rs. 28 per 100 ... ... ... 

... Inverts, a t  Rs. 26 per 100 ... ... ... 
... Brick-on-edge, a t  Rs. 23 per 100 ... ... 

Lock gates, a t  Rs. 6.5 per foot ... ... ... 
Crabs, a t  Hs. 135 each ... ... ... ... 
Pulleys, a t  Rs. 5 each ... ... ... ... 
Sluices, a t  Rs. 125 ench ... ... ... ... 
Chain, a t  Re. 1 per foot ... ... ... ... 

... Upright girdere, a t  Its. 9.4 per foot ... ... ... Iron drop gates, a t  Rs. 5 per foot ... ... 
Wooden ,, a t  Re. 1.29 per foot ... ... ... 
Windlasses, a t  Rs. 22 each ... ... ... 
Lifting chain, a t  Re. 1 per foot ... ... ... 

... ¶, ... ,, at Rs. 9 ,, ... 
Axle blocks, small, a t  Rs. 5 each ... ... ... 
Pitching, nt Its. 10 per 100 ... ... ... 
Metalliug, a t  Ks. 2 ,, ... ... ... 

Rs. 
68.35 

14,506.58 
567.00 
453.44 

72.00 
2,483.00 

540.00 
20.00 

500.00 
94.00 

2,92340 
2,25.5.00 
2,597.50 

660.00 
66.00 

89 1.00 
140.00 
34.0.00 
13 1.430 
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ESTIMSTE NO. 26.-DUKBERI BRIDGE AND PALL--3.53. 

DESCRIPTION. 1 
Eoundationa. 

... Water-wings up-steam 
Curtain ... ... .. 

. ... Drop walls.. ... 
... ... ... IJ 

Curtains under lower gates 
Sides of wells .. ... 
Abutments of gatesup-stream 

,, ,, down-stream 
Side walls of locks ... 
Abutments of bridge ... 
Side wall down-stream ... 
Flooring up-stream ... 

... ,, well ... 
,, under gates ... 

Backing of inverts ... 
Division wall of lock ... 

)I ,, sides of well 
)J ,, of lock ... 

... IJ ,I JJ ... Drop mall of fall 
... Curtain of fall ... 3) 11 

Flooring of fall ... 
Wells in curtain of b l l  ... 

,, walls ot 'ba~in ... ... ,, division walls 

Covering of wells in curtain 
,, ,, in division wall 
,, ,, malls of basin 

. Flooring of bridge.. ... 

Deduct, Brick-otc-edge. 

... Lock flooring ... 
... IJ ... ... ,I ... 

Flooring of fa11 ... ... 
Top of drop wall and curtains 
Hollows in water-wings 

... up-stream ... } 
Superekucture. 

Water-wings up-stream.. . 
Abutments ofgates , . . . .  

,J down-stream 
Abutments of bridge ... 

... 92 ,I 

Counterforts ... ... 
Wing-w~llsofIrid,ne ... 
Side walls down-stream ... .. of lock ... ... 
Division wall of lock ... 

... IJ ID 

... JJ DJ 

Carried over 

L. 1 B. 1 D. 1 ~ U A X T I T Y .  1 TWAL. 1 :z:: NO. I 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. . .  

. . . . . .  
) . . . . .  
. . .  

20 
28 
4 

20 

2 
8 

2 
2 
2 

... 
.. 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. . . . . .  

25 
16 
16 
16 
16 
14 
16.50 
16.50 

106 
3 

50 
16 
16 
16 

168.50 
18  
14 
80 
70 

159 
159 
159 
159 
14.12 
14.12 
18-08 

5.50 
Y 
3 
3 
3 
6 
6.50 

12 
9 
6 
6 

27  
7.25 

10.50 
16 
7 
7 
7 
7 
5.50 
3 
3 

64 
1.50 
1.50 
2 

Area. 

8 
5 
7.53 
4 
3 
4 
8 
2.50 
2.50 
2.50 
2.50 
3 
3 
2.50 
1.75 
8 

10.53 
8 
5.50 
9.03 
4 
1.50 
1.50 
7 
9 
9 

18 
95 
55 

16 
16 
16 

159 
159 

25 

25 
16.50 
16.50 

3 
3 
3 

12 
15 

112.50 
1 l 2 
38 
53 

... 

2,200 
480 
722.88 
384 
576 
672 

1,7 16 
990 

4,770 
90 

1,500 
1,652 

696 
840 

9,436 
2,OI 6 
2,063.88 
6,960 
5,390 
7,896.73 
1,908 

715.50 
15,264 

2,965.20 
5,337.36 
1,953.60 

1.50 
2 
2 
1 

1 
1 
1 
1 
Z 
4 

13 
13 
16.53 
13 
9.50 
8 
9 

13 
16.53 
13 
16.53 
13 

... 

7.06 
7 
6 

21 

17 
7.25 

10.50 
64 

8 

1.50 

3-50 
6 
9 
5 
3 
3.50 
2.50 
3.50 
6 
7 
7 
7 

.. . 
-- 

73,914 

-- 

211.80 
2.52 

2,280, 
5,465 

544 
232 
336 

10,176 
1,272 

300 
-- 

2,875 
2,574 
4,909.41 

390 
1 7 1  
168 
540 

4,550 
22,915.50 
20,384 
8,793.96 
9,646 -- 

76,71Gm87 

86,783.97 

38,860 

--- 
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ESTIMATE No. ~ ~ . - D u K H E ~ I  BRIDGE AND FALL, 3.53-cmlinued. 

DESCBIP~ION. I No. 

... ... Broogbt forward 1 
Piers ... ... ... 

... ... ,I .. Backing of arches. ... ... ,J 11 '.. 
Retaining walla down-etream 

... Hollowe in walle ... 

... ... ,I 

Pi4 ... ... ... ... Arches of piers ... 

Inverts ... ... ... I e 

... Arches of fall ... 

... ... hJ~ lock ... ... ... 

Lock flooring ... ... ... ... 11 ,a 2 
0 ... ... ,I 99 

Flooring of fall ... ... 
Tor, of d r o ~  wall and inverts 
F'lbring oi bridge ... ... 
Boadway of bridge ... 

Digging out boulders and 
crib-work ... ... 



ESTiMATE. No. 2fl:-DUKHERI BRIDGE AND' FALL, 353-continned. 

ABSTRACT OF E8TIMATE No. 26. 

c 

~)ESCBLPTION. GBAXD / No. 1 I i  I B. 1 D. Q o m m  1 TOTAL. 1 Tmh 

Cubic feet 

Reiaying 6oulder fioring ... 

PitcAing on a h y e s  ... .,. 

Demolilbn, OM Masonry. 

Flooring ... ... ... 
Curtaim ... ... ... 

~ o c k  gates ... ... ... 
ChAjn. ... ... ... 

GroC%g ... ... ... 

Gi~dsrd .. ... . . . I  

17PdZl-platea ... ... 
- 

,P 

hineal feet 
Number 

Cubic feet 

.... Brick-work in fomdations, at Rs. 20 per 100 
>) ,, superstructure, a t  Rs. 20 per 100 

,, 24 ,, 
... ~rch%ork l&ht, ,at Ra ds' per 130  ... 

,, . inverts, at Rs. Z6 per 100 ... ... 
Brick-on-edge, at Ra 25 per 100 ... ... 
Concrete, at Rs. 14 per 100 ... ... ... 

... Puddle, at Rs. 10 per 1,000 ... ... 
Kunkur flooring, at Rs. 8 per 100 ... ... 
Well-sinking, at Rs. 5 per foot ... ... ... 
Curbs, a t  Rs. 20 each ... ... ... ... 
Excavation, at Rs. 2.5 per 1,000 ... ... 
Boulder digging, at Rs. 7 per 1,000 ... ... 

... Relay i~g  houlder flooring, at Rs. 7 per 1,000 
Pitching slopes, a t  Rs. 10 per 100 ... ... 

... Demolition, old masonry, at Re. 1 per 100 
Towing-path 12' wide ... ... ... ... 

Carried over 

4 
4 
4 

1. 

1.50 
2.79 

:l.53 
... ... 

I 

... 

... 

... 
- .- 

14,320 
7,200 
1,600 -- 
2,400 - 

5,197.5 
1,841-4 

97422 

102 
110 -- 

4,252.5 ------ 
459. ---- 
135 

- -- - 

2 
2 
2 

. 2 

3 
6 

4 

4 
4 

9- 

27 

9 
- -  - 

179 
90 
20. 

50 

55 
55 

9-54 

25-50 
27-80 

15 

17 

15 

23,120 

2,400' 

, 
7,039 -- 
... ---- 

212 

... 

... 

... 
- - - 

10 
10 
10 

24 

21 
2 

( 
... 
... 

31.5 

... 

... 

23,lZO' 

2,400 

7,03B 

974 

21 3 

4,252.5 

459 

135 
-- 
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ABSTRACT OF ESTIMATE No. 26,-continued. 

ESTIMATE No. 27.-NUGLA BRIDGE. 

QUMTITY. 

AJBTUCT OF COST OF ESTIMATE No. 27. 

DBSCBIPTION. 

Brought forward ... 
h k  Gsaa.. 

h c k  g a k ,  at Re. 6.5 per foot ... ... . .-. ... 
Pulleys, at Rs. 5 each ... ... ... ... ... ... ... ... Crab; a t b .  135-each ... ... 

... Sluicea, at Rs. 1% each . . . . . . .  ... ... 
Chain, at Re. 1 per foot ... ... ... ... ... 
Sleepere 164 x- x- C aQ Rs. 1 1.825 emh ... ... 
Hooks, at Re. 7 each ... ... ... ... ... 

Grating Gear. 

Grating bars, a t  Re. 1.15 per foot ... ... ... 
Girders, at Rs. 4.25 per foot ... ... ... ... ... ....... Wall-platee, at Ra. 6-45 per foot 

G ~ D  'Pwar, ' - 

Square feet 
Number 

,* 
LioG feet 
Number 

~ b -  

Square feet 
Lineal feet 

1%; 

DF~~~PTION. 1 NO. 1 . ' j . 1 d. IQuAami- 

TOTAL. 

Rs. 

50,076.86' 

6,331.00 
40.00 

I,OSO.00- 
1,000.00 

' 212.00 
767.25 - 
14.00 

4,889-80 
1,950 75 

843.76. 

6'1,204.91 

974 
8 
8 
8 

212 
66 

2 

4,252 
459' 

. 135 

... ... ... ... I I Tow-path 12' wide 

... 1 695'60 

Cubic feet 

JJ 

28 

Same for Swaiee, SutAeree, and Atemah Bridges. 

Demolitiorr, odd dloronry, 

... Flbor ... ... ... 

... Cnrtains ... ... ... 

... New masonry ... ... 

... Brick-on-edge ... ... 

* 

8,733 

5,693 

1,897 
d 

2 
1-78 

1.5 

-5 

3 
6 

3 

3 

I 

8,733 

5,693 

1,897 

55 
55 

55 

55 

23 
2 

23 

23 

7,590 ''7 1,141.80 8,732 

Demolition, old masonry, at Re. 1 per 100 ... ... 
... ... ... ... Brick-work, nt Ra. 22 per 200 

... ... ... Brick-on-edge a t  Rs. 25 per 100 

5,692.5 

1,897-5 

87.33 

1,252.46 

474.25 

6,692.5 

1,897-5 -- 
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ESTIMATE NO. 28.-SIRDHUNNA AND KHUTOWLEE BRIDGES. 

ABSTRACT OF COST OF ESTIMATE No. 28. 

DESCBIPTION. 

New Masonrj. 

Ghats and water-wings ... 

ESTIMATE NO. 29.-ALTERATIONS TO CHITOWRA FALLS. 

1 G RAND 
No. 1 Ir. 1 B. 1 D Qnm./ TOTAL. I 

2 

QUANTITY. 

ABSTRACT OF COST OF ESTIMATE No. 29. 

, 

DFSCRIPTION. 

Cubic feet 

* 

Brick-work, at Rs. 2!3 per 100 ... ... ... ... 
... Tow-path 12' wide ... ... ... ... 

GRAND TOTAL 

960 

1 G O  

Ra. 
211.20 
772.80 

984.00 

D. Qom.l T ~ A L  I :z DESCBI~ON. / No. 

960 

L. 1 B. 

&cavation. 

Lockchannel ... 
F'illing behind side wale ' . . .  

Demolition. 

Old masony, as Estimate No. 23 
Tail walls, vide Estimate No. 17 

Mmon y. 

As Estimate No. 23 ... 
Raising lock walls ... ... 31 19 ... JJ 31 

Remainder se Estimate No. 23. 

C I C  

QUANTITY. 

2 

1,500 
40 

... 

... 

... 
120 
314 
150 

- 

..... .  
2 

... ... 

...... 

. . . . . .  

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

I 0  
8 

... 

... 

... 
2 
2 
2 

Cubic feet 
31 

#I 

DESCBIPTION. . 

960 
1.5 

35 
16 

... 

... 

... 
3 
4.5 
9 

535,240 

135,937 

36,927 

525,000 
10,240 

127,107 
8,830 

30,681 
7 20 

2,826 
2,700 

6,35,240 
1,34,937 

36,927 

... Excavation, at Ra. 2-26 per 1,000 ... ... ... Demolition, old masonry, at Re. 1 per 100 ... 
... Brick-work, at Rs. 22 per 100 ... ... ... ... Remainder as Estimate No. 23 ... ... ... 

GRAND TOTAL 

960 

535,240 

136,937 

36,937 

rP 

Ra 

1,204.29 
1,359.37 
8,133.94 

32,173-56 

42,861.16 



ESTIMATE NO. 30.-1-KHUTOWLEE ESCAPE ; 2-ABOONULLAH ; 
3-JANNI HEAD. 

ABSTRACT O F  COST O F  ESTIMATE No. 30. 

DESCRIPTION. GRAND 1 NO. 1 L. I B. 1 I). ~UANTITY. / TOTAL. 1 Tm*i 

ESTIMATE NO. 31.-FALLS AT KHUTOWLEE AND SIRDI-IUNNA. 

Dc~nolitwn, old Mabony. 
... Flooring ... ... 

New Mnsonry ... ... 
... Brick-on-edge ... 

4 
4 
4 

QUANTITY. 

ABSTRACT OF  COST OF ESTIMATE No. 31. 

Quaxnn. I DESCEIPTIOS. I Cow. 

24 
24 
24 

- - - 

DESCRIPTION. I COST. 

Cubic feet 
JJ 

2, 

GRAND Dwnrsnox OF WORK. 1 No. 1 L. 1 1. D. 1 Qr~mrr. 1 TOTAL 1 Torrr, 

Cubic feet 1 

2.5 
1.5 
.5 

6 
6 
6 

Demolition, old masonry, at  Re. 1 per 100 ... ... 
... ... ... Brick-work, a t  Its. 20 per 100 ,.. ... ... ... Brick-on-edge, a t  Rs. 25 per 100 

GRAND TOTAL" 
-.--. - 

1,440 
866 
288 

JJ 

Lineal feet 
No. 

Cubic feet I 

Hs. 
14.40 

1,72.80 
72-00 

259.20 

Brick-work in foundation, a t  Rs. 20 per 100 
Brick-on-edge, a t  Re. 25 per 100 ... 
Under-sinking wells, at Re. 5 per lineal foot 
Curbs, a t  Rs. 20 per each ... ... 
Arching light, at  Ra. 25 per 100 ... 
Inverts, at  Rs. 26 per 100 ... ... 

... Concrete, at Rs. 14 per 100 ... 
Puddle, at Rs. 10 per 1,000 ... ... ... Kunkur flooring, at  Rs. 8 per 100 
Excavation, at  Rs. 2.5 per 1,000 ... 
Pitching slopes, at  Rs. 10 per 100 ... 
Lock and grating gear as Estimate No. 26 

1,440 
8 64 
288 

Fotsndation. 

As  Estimate No. 26 
Wells under curtain of basin 

... Covering of wells .. ... Curtain of basin 

Brick-on-edge. 

As Estimate No. 26, deduct- 
ing bridge flooring 

Well Sinking. 

As Estimate No. 26 

Rs. 
15,950-40 
3,218.50 
3,265.00 
1,540-00 

469.50 
2,168.66 
4,674.60 

108.80 
381.60 
3 18-72 
240.00 

17,lf18-55 

I 

... 
9 

1.5 
2 

... 

... ... 

... 

... 

I 4i 2 
. . . . . .  

25 

25 
... 

. . . . . .  

. . . . . .  

1,440 
864 
258 

73,914 
4,765.50 

264.75 
808 

... 

428 
225 

6 !2 
25 

79,752.25 

... 

... 

... 

... 
1.5 

Curtain walls . . ... I 25 
Curba. 

As Estimate No. 26 , I . . . . . .  
Curtain walls ... ... I ... 
Remainder as Estimate No. 

26 (without bridge) I 
> 

1,440 
864 
288 

79,753 

12,874 

653 

7 7 

Area. 
7.06 

202 

... 

... 
9 

... 

... 

2 

-.. 

... 

... 

. . 
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ESTIMATE NO. 32.-ADDITIONS, &c., TO SALAWUR AND MUSSOORI FAL&S. 

GRAND 
DES~RIFTION. 1 No. L. B. I D. 1 Q u ~ r m r  I T m v .  1 T~~~ 

1,500 

40 

... 

... 
95 

11.50 
95 

132 
70 

220 

120 
314 
150, 

..Excavation. 

New channel from locks 
Hlling behind side walls of 

falls ... ... e. 

Demolition, OM Mmonry. 

At head of lock channel, 
vide Estimate No. 17 

Round ends of chamber walls 
Flooring ... ... ... 

Digging loulders out of cribs 

Boulder Plowing. 

Relaying ... ... 

Masonry. 

Lock raising lock walls 
s, . J ,  

J J  )Y  

612,490 

'97,887 

70,987 

36,300 

. . . . . .  

2 

. . . . . . .  
... 
3 
2 
2 

... 
2 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

66,998 

2,126 

8,143 

612,490 -- 

97,887 - 
70,987 -- 

36,300 -- 

36.50 

16 

... 

... 
54.50 
4.50 
5 

80 
37 

55 

3 
4.50 
9 

Fall up-stream wings ... 
Drop mall of fall ... 

... Raising side malls ... 
chamber walls .. ... 

Lengthening piers ... 
New piers ... ... ... 
Coun terforta ... ... 
Flooring ... ... ... 

... ... ... JJ ... ... ... JJ 

... ... ... J ,  

Deduct- 

Openings and arches of piers 
) J  2 )  J J  

Arch-work. 

Piem ... ... ... 

... Brick-on-edge ... 

11 

8 

... 

... 
4 
4 
4 

4.51 
4.51 

3 

1 
1 
1 

2 
3 
2 
2 
3 
6 
4 
3 
2 
2 
3 

3 
6 

3 
6 

3 
2 
3 

79,469.28 

13,470.97 -- 

2,126 -- 

8,143 

602,250 

10,240 
-- 

22,713.50 
8,850 

62,130 , 
414 

3,800 -- 
47,625.60 
28,362.80 

36,300 -- 

360 
1,413 
1,350 

26; 3.50 
54.50 5 

46  4.50 
45; 4.50 

39, 4.50 

39i 
3 

31 3 
95 54.50 

5 
4 
8 
8 

24.51 
24.51 
8 
2 
2 
2 
0.25 

... 

... 

1-50 
1.50 

1 
1 
1 

11.50 
95 

5450 

9 10 
3,270 
3,3 12 
3,240 

12,904.51 
17,206*02 

288 
31,065 

207 
1,900 
2,043.75 -- 

5,77327 
7,697.70 -- 

911.25 
1,215 -- 
7,357.5 

630 
155.25 -- 

4.50 
5 

50 

Area 
427.65 
427.65 

45 
45 

45 
45 

11.50 

4.50 
3 

4.50 
3 

5150 
7 
4-50 
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ESTIMATE NO. 32.-ADDITIONS, &c., TO SALAWUR & MUSSOORI FALLS,--conkd. 

ABSTRACT OF ESTIMATE No 32. 

DESCRIPTION. 1 No. 1 L. 1 B. 1 D. 1 QUAXTITY. 

... 8 h e  $wring ... 

Grating ... ... 

Girdera ... ... 

Va&p&tes ... ... 

Ps'lclr ing alopea ... ... 

a 

TOTAL. 1 : ~ z  

6,131 -- 
4,158 -- 

468 -- 
132 -- 

6,000 -- 

QUANTITY. 

6,131 

4,158 

468 

132 

6,000 

Cubic feet 

1, 

J ,  

3 3  

J, 

21 

J) 

I J  

Square feet 

Lineal feet 

1, 

hbic feet 

. 

DESCRIPTION. 

6,131 

4,158 -- 
468 -- 
132 -- 

6,000 
-- 

3 

12 

36 

12 

2 

61 2,490 

97,887 

70,987 

36,300 

65,998 

2,126 

8,143 

6,131 

4,158 

468 

132 

6,000 

Excavation, a t  Rs. 2.25 per 1,000 ... ... ... 
... ... Demolition, old masonry, at Re. 1 per 100 

... Digging boulders out of cribs, a t  Rs. 7 per 1,000 

... Boulder flooring, dry relaying, a t  Rs. 7 per 1,000 

... ... ... Brick-work, a t  Rs. 22 per 100 

... Arch-work, a t  Rs. 26 per 100 ... ... 
... Brick-on-edge, a t  Re. 25 per 100 ... .. . 

... Stone flooring a t  Rs. 2 per foot ... ... 

Grating Gear. 

... Grating, a t  Re. 1.15 per square foot ... ... 

... Girders, at Rs. 4.25 per foot ... ... 

... . ... ... Wall-plates, a t  Rs. 6.25 per foot.. 

... Pitching, a t  Re. 10 per 100 ... ... ... 

... ... ... New Rajbuha head ... ... 

OUND TOTAL 

Re. 

1,378.10 

978.87 

496.90 

254.10 

14,519.56 

652.76 

2,035.76 

12,262.00 

4,181.70 

1,989.00 

825.00 

600.00 

1,410.78 

-- 
41,484'53 

54.50 

31.5 

13 

11 

100 

50 

11 

... 

... 

30 

.75 

... 

... 

... 

1 



ESTIMATE No. 33.-ADDITIONS, &c., TO NUNOON AND MORBDNUGGUR 

BRIDGES. 

ABSTRACT OF ESTIMATE No. 33. 

DE~CRIPTION. 1 No. 1 m T O T a L .  1 :gz 
L)emolilion, old Masonry. 

Arches ... ... ... 
Backing of arches ... ... ... J J  ... ... ... Spandrils ... 

... Parapets ... ... 
Pillars . . . . .  ... 
Flooring ... ... ... 

Digging &Men out of Crids 

New Masonry. 

QUANTITY. I DEBCRI~ON. I TOTAL 

Cubic feet 

JJ 

II 

JI 

Lineal feet 

C 

26,844 

13,195 

12,474 
1,120 
2,9 12 
2,037.5 
2,023.35 

103.32 
6,174 

10,595 
2,600 

- 

8,438 

2,058 

150 

... Raising Piers . . . .  
,, Abutments ... 
,, Wings ... ... 
,, Pillars ... ... 

... Parapets ... 
Pi l l~rs  ... ... ... 
Parapets on Piers ... ... 
Flooring ... ... ... 

Brick-on-edge ... ... 

Girder Bridge ... ... 

t 

3 
2 
2 
2 
2 
4 
3 

{ 

26,844-1 7 -- 

13,195 

54 
28 
28 

163 
235 

3 
49 

163 
20 

28 
10 
13  
2.50 
1-50 
3 

28 

10  
10 

- 
Re. 

268.44 

92'36 

1,854.16 

514.5 

14,497.50 

501.5 

I 7,788'46 

26,844 

13,195 

8,428 

2,058 

150 

2.75 
2 
4 
2-50 
2.87 
2.87 
1.5 

5.25 
3-25 

Demolition, old masonry, a t  Re. 1 per 100 ... ... 
... Digging bouldera out of cribs, at Rs. 7 per 1,000 

... Brick-work, st Rs. 22 per 100 ... ... ... 
... Brick-on-edge, a t  Rs. 25 per 100 ... ... 

Girder bridge, at Rs. 96.65 per foot . . . .  ... ... 
7' Tow-path, Estimate No. ... ... ... ... 

GRAND TOTAL 

2 1 2 8  
2 
4 
4 
4 
4 
4 
3 

3 

3 

8,428.17 -- 
2,058 

150 

6.50 
6.50 
2-50 
4 
1.5 
3 
1.5 

28 

28 

... 

28 
35 
4 

36 
3 
6.5 

49 

49 

50 

12 ' 4,168 
1'5 
1'5 
1.5 
2.87 
2.87 
2.87 
0.5 

-5 

... 

546 
525 

9 6 
61 9.92 
103.32 
11 1.93 

2,058 

2,058 
- 

150 



(JUTPOORA BRIDGE, 

ESTIMATE NO. 34.-ALTERATIONS TO NEWAREE ,, 
ABOOPOOR ,, 

Demolition, old Ma-smrg. 

... ... ,a 
Spandrils ... ... ... 

... Parapet8 ... ... 
Pillars ... ... ... 
Flooring ... ... ... 

Digging b o u h  out of cr ik  
8, ,> "' 

Raising piers ... 
,, Abutments 
,, Wings ... 
,, Pillars ... 

Parapeta ... ... 
Pillars ... ... 
Parapets on piers ... 
Flooring ... ... 

No. I 5. I B. I D. 1 Q U L ~ T Y .  1 T ~ L .  I %",3 

ABSTRACT OF COST OF ESTIMATE No. 34. 

Cnbio feet 1 21,174 

II 

I# 

38 

Lineal feet 

1,723 

6,685 

1,543 

160 

Demolition, old masonry, a5 Re. 1 per 100 ... 

. *  I ai1.74 

Digging boulders out of crib, a t  Rs. 7 per 1,000 ... 64-06 

... Masonry, at Rs. 22 per 100 ... ... ... 
Brick-on-edge, at Re. 25 per 100 ... ... ... 
Girder bridge, at Re. 90.21 per foot ... ... ... 
7' towing path ... ... ... ... ... ... 

GRAND TOTAL 

1,470.70 

386.75 

13,531.50 

377.30 

16,031.05 
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ESTIMATE NO. 35,ADDITIONS TO SOUNDA BRIDGE. 

ABSTRACT OF COST OF ESTIMATE No. 35. 

GRAND 
TmL 

16,543 

5,141 

DESCRIPTION. B. 1 D. 1 Q U A N T ~ .  1 TOTAL. 

QUANTITY. 

... 

. . .  

... 

... 

... 

... 

... 

... 

Demolition, oZd Nason y. 

Vide Estimate No. 34 

D e d u c t  

Flooring .. ... 

Maem y. 

Pi& Estimate No. 34 

Deduct- 

Flooring ... ... 

. 

Cubic feet 

,> 
Lineal feet 

DESCBIPTION. 

...... 

. . . . . .  

. . . . . .  

. a m . . .  

16,543 

5,141 

. 150 

... Demolition, old masonry, at Re. 1 per 100 ... 
... ..a ... Brick-work, at RE. 22 per 100 ... 

... Girder bridge, at Re. 90a%l per foot ... ... 
Towing path ... ... ... ... ... ... 

~ R A N D  TOTAL 

BB. 

165.43 

1,131.03 

13,531.50 

377.30 

-- 
15,205.25 

I 

16,543 -- 

5,141 

... 

... 

... 

... 

21,174 

4,630.5 

6,685 

1,543.5 -- 
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ESTIMATE NO. 36.-ADDITIONS, kc., TO POOTH AND NUGLA BRIDGES. 

ABSTRACT OF COST OF ESTIMATE No. 36. 

- -- - - - -- 

DESCRIPTION. 1 N o  1 L. 1 B. 1 D. 1 ~ n n n n .  TOTAL / TOTAL. GRAND 

Demolition, OM Nueon y. 

Arches ... ... ... ... ... Backing of arches 
... ... IJ  

Spandrils ... ... ... 
Parapets ... ... ... 
Pillars ... ... ... 
Flooring ... ... ... 

Diggingbouldersont of cribs 

New Hauonry. 

... Raising piers ... 
,, Abutments ... 

... JJ Wings ... ... ,, Pillars ... 
Parapets ... ... ... 
Pillars ... ... . . .  
Parapets on piers ... ... 
Flooring ... ... ... 

Brick-on-edge ... ... 

Girder bridge ... ... 

3 
2 
2 
2 
2 
4 
3 

2 
2 

2 
2 
4 
4 
4 
4 
4 
3 

3 

3 

54 
23 
23 

163 
235 

3 
49 

163 
20 

23 
23 
35 
4 

36 
3 
6.5 

49 

49 

60 

Q u m .  D E S C ~ O N .  I Con. 

Cubic feet 

J )  

)I 

JJ 

Lineid feet 

23 
10 
13 
2.5 
1.5 
3 

23 

10 
10 

6.5 
6.5 
2.5 
4 
1.5 
3 
1.5 

23 

23 

... 

Demolition, old mssonry, at Re. 1 per 100 ... .,. 
... Digging boulders out of cribs, at Be. 7 per 1,000 

... ... ... Brick-work, at Re. 22 per 100 ... 
... ... ... Brick-on-edge, at Re. 25 per 100 

... Girder bridge, at Rs. 92.05 per foot ... ... 
... ... ... 7' towing path ... ... ... 

( ~ R A N D  TOTAL 

32,794 

8,163 

7,183 

1,690 

160 

Rs. 

327*94 

67.13 

1,580.26 

433.5 

13,807.60 

431.00 -- 
16,526.33 

-P 

2-75 
2 
44 
2.5 
2.87 
2.87 
1.5 

2-23 
2-23 

12 
1.5 
1.5 
1.5 
2.87 
2.87 
2.87 
0.5 

10,246.50 
920 

2,392 
2,037.5 
2,023.35 

103.32 
5,071.50 -- 
7,269.80 

892-00 

3,588 
448.5 
525 
96 

619.92 
103.32 
111.93 

1,690.50 

22,794-17 

8,161.80 
-- 

7,183.1 7 

'5 

... 

22,794 

8,168 

7,183 

1,690 

150 

1 

I - 1,690.5 

150 

1,690.5 

15 0 
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ESTIMATE No. 37.-ADDITIONS, kc., TO BHOLA FALLS. 

Excavation. 

Demolition, OM Haaonq. 

(fratkg girdm, wall-;aZatea, 
pitcAing, aide Estimate No. 32. 

ABSTRACT OF ESTIMATE No. 37. 

TOTAL. 

Re. 

1,318.10 
341.26 

7,798.56 
683.8 

12,262.00 
7,595.7 

600.00 
1,410.78 

32,070.20 - 

DESCRIPTION. 

... Excavation, a t  Re. 2 4 5  per 1,000 ,.. ... ... ... Demolition, old masonry, at Re. 1 per 100 
... ... ... ... Brick-work, at Re. 22 per 100 ... ... ... ... Arch-work, at Rs. 26 per 100 
... ..a ... Stone-flooring, a t  Re. 2 per 100 ... 

Grating girders and wall-plates, zvik Estimate No. 32 ... 
... ... ... ... ... ... ... Pitching, 

New rajbuha head ... ... ... ... ... 

GUVD TOTAL 

B u m .  

Cubic feet 
J, 

I ,  

$1 

YJ 

9J 

- 

612,490 
34,126 
35,448 

2,630 
6,131 

6,000 
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ESTIMATE No. 38.-ADDITIONS, kc., TO JANEE KHOORD BRIDGE. 

ABSTRACT OF ESTIMATE No. 38. 

I QUANTITY. D E S C B ~ O N .  

GRAm 

17,722 

5,492 

G . 

D E S ~ O N .  I No. / Ii 1 B I D. Y r a m m .  T n u  

Cubic feet 

9, 

Lineal feet 

22,794 

6,011.5 -- 

7,183 

1,690.5 -- 

Demolition, old Hblason y. 

Ti& Estimate No. 36 

Deduct- 

Flooring ... ... 
Masonry. 

Fddc Estimate No. 36 

Deduct-- 
Mooring ... ... 

17,728 

5,492 

... 

... 

... 

. . 

17,722 -- 

5,492 -- 

150 

... 

... 

... 

... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

... Demolition, old masonry, at Re. 1 per foot ... 
... ... ... ... Brick-work, at Re. 22 per 100 

... 

... 

... 

... 

Ra. 

17,722 

1,208.24 

Girder bridge, at Re. 92.05 per foot ... ... ... 1 13,807.50 

7' towing path ... ... ... ... ... ... 

GRAND TOTAL 

431.00 

-- 
15,623.96 



i 1. RAOLI BRIDGE, 
2. JARSHA ,, 

ESTIMATE No. 39.-ADDITIONS, kc., TO 3. PUKKANA ,, 

I 4. MAMNIE ,, 
5. SUHENDA ,, - 

Demolition, OM Masonry. 

Arches ... ... 
Racking of arches 

... Spandrils ... 
... ... 9, 

Farapets ... ... 
Pillars ... ... 
Flooriug ... ... 

ATew Mason y. 

... Raising Piers 
,, Abutments 
,, Wings ... 
,, Pillars ... 
,, Parapets ... 

Pillars ... ... 
Parapets on piers ... 
Flooring ... ... 

ABSTRACT OF COST O F  ESTIMATE No. 39. 

Cosr. 

Bs. 

180.91 

1,697.80 

l~,178sSEi 

377.30 

14,414~36 - 

DESCRIPTION. 

Demolition, old masonry, at  Re. 1 per 100 ... ... 
... Kunkm masonry, at  Rs. 20 per 100 ... ... 

Girder bridge, at  Re. 90.U per foot ... ... ... 
... Towing path ... ... ... ... ... 

GRAND TOTAL 

QUANTITY. 

- 

Cubic feet 

21 

Lineal feet 

- 

16,091 

8,489 

135 
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ESTIMATE No. 40.-ADDITIONS, kc., TO PEEPULHEBA BRIDGE. 

ABSTBACT OF COST OF ESTIMATE No. 40. 

7 DE~CRIPCIOX. 

Demolition, OM Mason y. 

Fd" e Estimate No. 39 

... Additional in arches 

,, in backing of 
... arches 

... , in flooring 

Mason y. 

T i  Estimate No. 39 

Additional in piera ... 
... ,, inabutments 

,, in floorings ... 

, 

...... 
3 

2 

3 

. . . . . .  
2 

2 

3 

B. 1 D. 

QUANTITY. 

G u m  Qormr.. I TOTAL 1 TmrL, 

Cubic feet 

33 

h e a l  feet 

D u n o n o r ,  1 Cosr. 

... 
2.5 

2 

1.25 

... 
10.5 

1.5 

1.5 

... 
48 

7.5 

45 

... 
2 

2 

45 

16,091 

720 

6 0 

337.5 

8,489 

231 

27.5 

405 -- 

17,aOS 

9,153 

135 

... Demolition, old masonry, at Re. 1 per 100 ... 
... Knnknr mssonry, at Re. 20 per 100 ... ... 
... Girder bridge, at Rs. 92-05 per foot ... ... 

... Towing path ... ... ... ... ... 
GEAND T o m  

... 
2 

2 

2 

... 
5.5 

5-5 

i2 

Es. 

172.08 

1,830.60 

lZ,426.76 

431.00 

14>860*43 

17,208 

9,152.5 -- 

17,208 

9,153 



ESTIMATE Na 41.-ADDITIOKS, kc, TO BOOLL%*DSBUHCB BUNCH HEAD. 
h LL'FE 

Dtsrrurnos. I sa / L 1 
D d h ,  dd Akhnuy. 

... Pnapete ... ... 8 20 

... Pillars ... ... 8 3 
Side arcb es... ... . . . . . .  2% 

... ... ... n 2 26 

Nca M i r y .  

... Abutment8 ... 2 18 
... .. . . . .  18 

&g of uchs .. ... 4 18  
... 2 18  
... Baising&drils,(rc 4 140 

... ... 2, 4 43 ... ... 3 183 
R a i s i n i g ~  ... ... 3 22 ... 2s 
&..&' &.g";ln of 6 

platform ... . . . . . .  91 
11 ,, piha... 4 6.25 
93 ... ,, ghat 2 125 

Raising water-wings down- 
stream ... ... 2 30 

~ e a w i n g s a n d &  ... 6 13-50 
... 3, .- 4 I7  

h k " w l n e  ... ..- ... 2 127 
curtains .. ... ...... 15 ... ... . . . . . .  15 
HOO& ... . . .  18 
~ a c k m g o f . k r e r t e  ...... 16 
Water-* of lock . . . . . .  27 ... 19 ...... YO ... ,a ...... 27 

...... 30 
weir b b k c h  & ... . . .  35 
Baising wing-artl8 ... 8 20 
Parapeta ... ... ... 8 20 
Pillars ... ... ... 8 3 

BedwethUoapcnf$waU . . . . . .  90 

d r e h w k  ... ... ... 2 29 
25 ... 

Imerlr ... ... ...... 109 

Brick-ou-c&? ... . . . . . .  18 

I;oc)gatcS ... ... ... 2 9-54 

ah, pllega, aduieea, dain, 
d e  Estimate No. 25. 

I B. / D. Llr~mrr Tm*r 1 ;,"z 

2,700 

58,807 

2,241 

1,744 

288 

344 

1-50 
3 

1 8  
18  

6 
6 

10 
7.50 
2 
2 
3-33 
4 
3 

2 
6-25 
2-50 

2 
3 
3 
6 
3 
2 

16 
109 

4 
4 
2.50 
2.50 
4 
2-50 
1.50 
3 

2 

18 
18 

16 

16 

{ 

i 

2-25 
2.25 

540 
162 1 

1-50: 
1-50' 

1 0  
15 
3 
3 
6 
6 
1 
6 
5 

1 -5 
1.5 
1.5 

1.5 
11 

1.50 
17 
6 
4 
1 
1.75 
6 
6 

11 
7 
2 
5 
2-25 
2.25 

1 3  

1-50 
1-50 

1 

1 

594 
1,404 

2,160 
1,620 
2,160 

810 
6,720 
2,064 
1,830 
1,584 
2,340 

273 
234.37 
937.50 

lS0 
2,673 

306 
25,908 

270 
120 
288 

3,052 
648 
720 

742.5 
525 
280 

2,000 
540 
162 

2,340 - 
1,566 

675 

1,744 - 
288 --- 

343.14 
-- 

- 

2,700 

61,147.37 

2,340 
- 

2,241 

1,744 

288 

343.44 -- 
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ESTIMATE No. 41.-ADDITIONS, %c., TO BOOLUNDSHUHUR, %c.-continwd. 

DESCRIPTION. GRAND I NO. / L. I 3. / D. 1 € ~ N T I T Y .  I T ~ A L .  1 Tonre 

Q U A N ~ Y .  I D ~ s c m o n .  

@+it girders fm regrktm 

I m  drop gata ... ... 

Wooden g a h  ... ... 

3 
12 

2 

1 8  

Cubic feet 
,, 
3s 

J ,  

J )  

,f 

Square feet 
No. 

¶ J  

~ n e a i )  feet 

Lineal feet 
Square feet 

u 
No. 

Lineal feet 
No. 

Cubic feet 
,, 

Demolition, old masonry, st Re. 1 per I 00 ... ... 
... ... ... Brick-work, at Rs. 22 per 100 ... ... ... Iiunkur masonry, at Rs. 17 per 100 ... ... ... ... Arch-work, a t  Hs. 26 per 100 ... ... ... ... ... Inverts, a t  Rs. 2G per 100 ... ... Brickion-edge, a t  RE. 25 per 100 ... 

Lock Gear. 

Lock gates, a t  Rs. 6.5 per foot ... ... ... ... 
Crabs, at Rs. 135 each ... .. ... ... ... ... ... ... Pulleys, a t  Rs. 5 each ... ... 
Sluices, a t  Rs. 125 each ... . . ... ... ... 
Chain, at Re. 1 per foot ... ... ... ... 

Regulating Gear. 

Upright girders, at Ra. 9.4 per foot ... ... ... ... Iron drop gates, at Rs. 6 per foot ... ... ... ... Wooden gates, at Re. 1.25 per foot ... 
Windlasses (small), at  Rs. 22 each ... ... ... 
Chain, at  RE. '9 per foot .. ... ... ... ... 
Axle blocks, at Rs. 5 esch ... ... ... ... 
Pitching, at Re. 10 per 100 ... ... ... ... ... Metalling, at Hs. 2 per 100 ... ... ... 

G u m  TOTAL 

2,700 
19,600 
39,207 

2,241 
1,744 

288 

344 
4 
4 
4 

94 

21 4 
410 

1,479 
23 

759 
15 

3,000 
5,917 

214 

41 0 - 

1,478.64 -- 
759 -- 

3,000 -- 

11.50 
15 

20.50 

6.66 
7-50 
6.66 

16.50 

50 
60 

526 

I 
2 
3 

... CJain(light) . 1 46 

... Pitching a l o p ~ a  ... 2 

Rs. 

27.00 
4,312-00 
6,665.19 

582.66 
453.44 

72.00 

2,236.00 
540.00 

20-00 
500.00 
94.00 

2,011.60 
2,050.00 
1,898.76 

506.00 
683.10 ! 

372.00 
300.00 
11 8.34 

23,392.08 

... ... 

1 0  

10 
8 
8 

... 

1 
1 

-75 

214 

41 0 

1,479 

759 

3,000 

- - I 2  

... 

... 

... 

... ... 

... 

... 

2D 
10 

.15 

Metalling roadway. 

Relaying ... ... 

34 
180 

410 

1,198.80 
ieo 
I 5 9-84 -- 
759 -- 

2,000 
1,000 -- 

5,917-5 

6,917 

2 

. . . . . .  



ESTIMATE NO. 42.-ADDITIONS, kc., TO NIDHOOLI, GESOOPOOR, AND 
SUNOWTA BRIDGES. 

ABSTRACT OF ESTIMATE No. 42. 

D ~ s c s m ~ o a .  

Demolition, old mason y, 
vide Estimate No. 39 

Deduct- 
Flooring ... ... 
New maam y, vide Estimate 

N0.39 ... ... 
Raising water-wings ... 

... ,> J J  

Deduct flooring, via% Esti- 
mate No. 39 ... 

- 

ESTIMATE NO. 43.-ADDITIONS, kc., TO DAMKOURA BRIDGE. 

GRAND No, 1 L. 1 B. / D. QUANTITY.  1 TOTAL. I Tmrr 

Demolition, old masonry, Vide 
Estimate No. 42 ... ... 

QUANTITY. 

Hadony, vide Estimate No. 39 
Raising water-wings ... ... 

12,547 

4,998.5 

. . . . . .  

. . . . . .  

. . . . . .  
2 
2 

. . . . .  

DESCRIPTION. 

Cubic feet 

line; feet 

Deduct flooring, t ide  Estimate 
No. 39 ... ... ,.. 

Demolition, old masonry, at Re. I per 100 ... ... 
Kunkur masonry, at Rs. 20 per 100 ... ... ... 

... Girder bridge, at Rs. 90.21 per foot ... ... ... Towing-path ... ... ... ... ... 
G ~ D  TOTAL 

12,547 
4,998 

135 

No. 

Rs. 
125.47 
999.6 

12,178-35 
377.30 - 

13,680.72 

GRAND 
TOTAL. 

... 

... 

... 
27 

100 

... 

ABSTRACT OF ESTIMATE No. 43. 
- - -- 

... 

... 

2 
2 

... 

12,547 -- 

9,251 
4,252.5 
-- 

... 

... 

... 
1.5 
1.5 

16,091 

3,543.75 -- 
8,489 

162 
600 

I ... ... 

Qumm. 

Cubic feet 

~ i n e z f e e t  

DE~CBIPTION. 

12,547 
5,287 

135 

Demolition, old masonry, at Re. I per 100 ... ... ... Kunkur masonry, at Rs. 20 per 100 ... .. 
Girder bridge, at Rs. 90.21 per foot .. ... ... 
Towing-path ... ... ... ... ... ... 

GMD TOTAL 

1 

Re. 
135.47 

1,057-40 
12,178.35 

377.30 - 
13,738.52 
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ESTIMATE NO. 44.-ADDITIONS, kc., TO WALLIPOORA BRIDGE. 

ABSTRACT O F  ESTIMATE No. 44. 

- -- - 

DESCIUP~ON GRAND 1 NO. 1 IJ. 1 3. 1 D. / &J*~'ITI'Y. 1 TOTAL. / TmaL. 

Demolition, OM maeonry, 
ride Estimate NO. 39 . .. 

Additional in arches . . . 
,, Backing in arches 

,, Flooring ... 

dladony, a& Estimate 
N0.39 ... ... ... 

Additional in piers ... 
,, in abutments .. 

,, in flooring ... 

... 
3 

2 

3 

... 
2 

2 

3 

QUL~TY. D ~ W P T X O N .  

Demolition, old masonry, at Re. 1 per 100 ... ... 
Knnkur masonry, a t  Rs. 20 per 100 ... . . . ... 
Girder bridge, a t  Rs. 96.65 per foot . .. ... . . . 
Towing-path . . . ... . .. ... ... . . . 

OILAND TOTAL 

Cubic feet 

13 

Lineal feet 

TOTAL 

Re. 

200.02 

2,162.20 

13,047-75 

601.5 
- 

15,911.41 

20,002 

10,811 

135 

... 

48 

7-50 

4-5 

... 
7 

7 

45 

... 

7 

7 

7 

. . . 
6.5 

5.5 

7 

... 
2.50 

2 

1.25 

. . . 
10.5 

1.25 

1.5 

20,002 
-- 

10,811.25 

16,091 

2,520 

210 

1,181.25 
-- 

8,489 

808.5 

96.25 

1,417.5 
-- 

20,002 

--I 1oy811 
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ESTIMATE NO. 45.-FALLS AT WALLIPOORA, NUGLA, ABOOPOOR, JARCHA 

AND PUKKANA. 

D s s u n ~ o r  o r  WOE=. / 
Foundations. 

Water-wings up-stream ... 
Curtain ... ... ... ... Drop walls ... ... 

... ... 9 ,  J> -.. 
Curtains under lower gates 

... Sides of wells ... 
Abutments of gates u p  

stream .. ... ... 
,, down-stream ... 

Side walls of locks ... 
... Abutments of bridge 
... Side wall down-stream 

Flooring up-etream ... 
... ,, of well ... 

,, under gates ... 
Backing of inverts ... 
Division wall of lock ... 

,, ,, sides of well.. . 
,, ,, of lock ... 

... ,J )J  J, 

Drop mall of fall ... 
Curtain of fall ... 

... 
F I O O ; ~ ~  oil  fall ... 
Wells i n  curtain of fall ... 

,, walls of basin ... 
,, division mall ... 

Covering of wells in curtain 
9) JJ division 

walls ... ... ... 
J JJ malls of 

basin ... ... ... 

Deduct- 

Brick-on-edge lock flooring 
... ,J JJ 

J J  ,J ... 
Flooring of fall . . 
Hollows in  water-wings up- 

stream ... ... ... 

Supe78tructure. 

Water-wings up-stream ... 
Abutments of gates up- 

stream ... ... ... 
>J JJ  down- 

stream ... ... ... 
Abutment of bridge ... 

... JJ , 9 

Counterforts ... .. 
Wing-malls of bridge ... 
Side walls down-stream ... 

Carried over 

GRAND D 1 Q o m m  1 Trn*~. 1 TOTUS 

8 2,200 
5 480 

10.25 984 
4 384 
3 576 
4 872 

8 1,716 
2.5 990 
2.5 4,770 
2.5 9 0 
2.5 1,500 
3 1,632 
3 696 
2.5 840 
1.75 9,436 
8 2,016 

13.25 2,597 
8 8,960 
5.5 5,390 

11.75 9,112-12 
4 1,692 
1.5 634.5 
1.5 13,536 
7 2,668.68 
9 6,099.84 
9 1,353.60 

1.6 190.62 

2 252 

2 2,544 
84,012.36 

1 544 
1 232 
1 336 
1 9,024 

4 300 
- 10,436 

73,576 

12 2,100 

12 2,316 

18.25 5,420.25 
12 360 
9.5 171 
8 168 
9 540 

12 4,200 -- 
... 15,335.25 

No. I L. 1 I3 1 
2 
2 
2 
2 
4 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. . .  

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

. . . . . .  
18 
32 
4 

18 

2 

2 
2 
2 

. . . . . .  
2 

2 

2 

2 
2 
2 
2 
2 

25 
16 
16 
16 
16 
14 

16.5 
16.5 

106 
3 

50 
16 
16 
16 

168.5 
18 
14 
80 
70 

141 
141 
141 
141 
14.12 
14-12 

.18.8 

5.5 
3 
3 
3 
3 
6 

6.5 
12 
9 
6 
6 

17 
7.25 

10.5 
16 
7 
7 
7 
7 
5.5 
3 
3 

64 
1.5 
1-5 
2 

Area. 

j ,,. . . . . . .  .,. 

18 

106 

16 
16 
16 

141 

35 

25 

16.5 

16.5 
3 ~ ' - - , y  

3 
12 

1-06 

7 

6 

17 
7.25 

10.5 
64 

1.5 

3.5 

6 

9 
6 - 

3.5 
2.5 
3.5 



ESTIMATE NO. 45.-FALLS AT WULLIPOORA, NUGLA, ABOOPOOR, JARCHA, 
AND PUKKAN A,--continred 

GRAND D n c ~ r s n a ~  or W o u .  1 No. 1 L. 1 B. 1 D. 1 prr.nn. Tmu.  1 Tmrr, 

Bronghtforward ... 
8lrperstructure,-co~td. 

Side-walls of lock.. . ... 
Division wall of lock .. . 

1) a> >J ... 
IJ ,I ... 

k" . . . ... ... . .. . . . ... 
st& ... ... ... 

I, ... . .. .... 
Backing of arches.. . ... 

... ,Y ,, 
Revetment wall;" down- 

stream ... ,- . ... 

D e d u c t  

Hollow parts of walls ... 
,, 3, YJ ... 
,, ,, ,, ... 

. . . 

6 
7 
7 
7 
3 
3 
7 
1.5 
3 
s 
3.5 

a 
2 
a 

From piers . . . . . . ... 

Arch-work. 

Inverta .. . .. ... 
Archea of fall ... ... 

,, lock . . . ... 
Under piers . . . ... 

Brick-on-edge. 

Lock flooring ... ... 
,> . . . ... 
2, . . . ... 

Flooring of fall . . . ... 
Bridge over fall . .. ... 

Concrete . . . . . . ... 

Pxddle ... . .. ... 
3, ... ... ... 
,, . . . ... ... 

Kankur jooting . . . ... 

FeU sinkirrg . .. ... 
11 ,I . . . ... 

... 

2 
2 
2 
2 
7 
7 
2 
2 
8 
a 
2 

2 
2 
a 

-- 
... 

112.5 
112 
38 
53 
34 
5 

12 
3 

15 
18 

106 

90 
28 
50 

Area. 
7 

2 

8 
2 
7 .  

2 
2 
2 

... ... 

... 

... 
a 
e 

... 

I 8  
36 

104,274.25 

. 

. . . 

18.25 
12 
18.25 
12 
22.25 
12 
2 
2 
1 
1 

12 

I 6  
16 
12 

16,335.25 

24,637-50 
18,816 
9,709 
8,904 

15,8236.60 
1,260 

336 
18 

360 
108 

8,904 

5,760 
1,792 
2,400 

168.5 

3 
3 

36 

I6  
16 
16 

141 
197 

141 

141 
76 
so 

141 

7 
9 

286 

16.5 

I6  
19 
5 

17 
7.25 

10.5 
64 
3 

70 

2-5 
2 
a 

15 

... 

... 

3 

1.5 

1 
1 
1.5 

I 
1 
1 
1 
0.5 

3 

10  
19 
12 

2 

... . . . 

6,006 
- 

8,340.75 -- 
3 84 
114 

1,134 -- 

544 
252 
336 

9,024 
295.5 - 

29,610 

3,525 
6,700 
2,400 -- 
4,230 -- 

126 
324 

15,958 - 

8,341 

1,632 - 

10,431 

29,610 

11,625 -- 
4,230 -- 

450 

B 

88,316 

8,341 

9 

l,63Q 

10,431 

29,610 

11,625 

4,230 

450 



ESTIMATE NO. 45.-FALLS AT WULLIPOORA, NUGLA, ABOOPOOR, J A R C M  

AND PUKKANA,-conthued. 

Basin ... ... ... ... Foundations ... 

Lock gates ... ... ... 

... ... C h i n  ... 

Grating ... ... ... 

ABSTRACT O F  COST O F  ESTIMATE NO. 45. . 

Cubic feet.. 

JB 

Lineal feet 
No. 

Cubic feet 
Square feet 

Lineal feet 
No. 

,a 
Square feet 
Lineal feet. 

Kunkur masonry in  foundations, a t  Rs. 1 7  p a  100 ... 
,, in superstructure, a t  Rs. 19 per 100 ... 

... Brick-work, a t  Rs. 22 per 100 .. ... ... 
... Arch-work Inverts, at Hs. 26 per 100 ... ... 

,, light, a t  Rs. 26 per 100 ... ... ... 
... Brick-on-edge, a t  Rs. 25 per I00 ... ... ... Concrete, a t  Rs. 14 per 100 ... ... ... 

... Puddle, a t  Rs. 10 per ZOO0 ... ... ... 
... Kunkur flooring, a t  Its. 8 per 100 ... ... 

... Well sinking, a t  Rs. 5 per foot ... ... ... 

... Curbs (small), a t  Rs. 20 each ... ... ... 

... Excavation, a t  Rs. 2.5 per 1000 ... ... ... 

... Lock gates, at  Rs. 6.5 per foot . . ... ... 
Pulleys, crabs, and sluices, aa Estimate No. 26 ... ... 

... Chain, a t  Re. 1 per foot ... ... ... ... 
... Sleepers, a t  Rs. 11.625 each ... ... ... 

I Hoops, a t  Rs. 7 each :.. ... ... ... ... ... ' Grating, at Re. 1-15 per foot ... ... ... 
... (3 irders, a t  Rs. 4-25 per foot ... ... ... 

Wdl-plates, a t  Rs. 6.26 per foot .. ... ... ... 
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ESTIMATE NO. 46.-FALLS AT MOONDA KHERA. 

ABSTRACT OF ESTIMATE No. 46. 

DESCB~PTION. 1 NO. I I. 1 33. 1 D. I ~ C J A N T I T Y .  T ~ u .  / Tm_ GRAKD 

ESTIMATE No. 47.-ALTERATIOXS TO URBOWLI BRIDGE. 

Mason y. 

... In wells of curtain of basin 
... wering of ditto ... 

C& on wells ... 

... Tell air king ... ... 

TOTAL. 

Rs. 
632.91 
630.00 
160.00 

59,851.75 

61,274.66 
a 

3,723 

126 

2,668.68 
192.62 
864 
-- 

126 -- 

DESCRIPTIOX. 

... Masonry, at Re. 17 per 100 . .- ... ... 

... ... ... Well sinking, at Rs. 5 per foot ... 
... Curbs, at Rs. 20 each ... ... ... ... 

Hemainder, as Estimate No. 45 ... ... ... ... 

GRAND TOTAL 

QUANTITY. 

DESCRIPTIOX. 1 No. 1 L. 1 8. 1 D. 1 QULITITX 1 TOTAL. 

3,723.3 

126 

18 14.12 
18 1 7.6 

hbic  feet 
J, 

Nnmber ... 

1'5 
. 
3 . . . . . .  

18 

5,723 
126 

8 

TOTAL. 

Rs. 
152.77 

1,3142 
13,041.75 

501.5 

15,016.22 

QUANTITT. DESCRIPTION. 

7 
1.5 
2 

... 

144 

7 

-- 

ABSTRACT OF OF ESTIMATE No. 47. 
- 

20,002 

4,725 

10,811 
1,430 

... 

Demolition, old maurntry, 

c& Estimate No. 44 

Deduct flooring ... ... 

Areto maaolny. 

Vide Estimate No. 44 
Raising water-wings ... 

Deduct flooring ... ... 

Cubic feet 

~ i n e i i  ' feet 

I . -  - - 

... 

45 

... 
I43 

45 

15,277 

I 

12,241 

5,670 -- 

. . . . . .  

3 

. . . . . .  
2 

3 

- - . -- - -- 

15,277 
6,57 1 

135 

... 

28 

... 
2 

28 

- 

Demolition, old masonry, st Re. 1 per 100 ... ... 
... Kunkur masonry, at Rs. 20 per I 00 ... ... 

Girder bridge, at  Rs. 96.65 per foot ... . . ... 
... Towingpath ... ... ... ... ... 

GBAND TOTAL 

... 

1.25 

... 
2.5 

1.5 
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ESTIMATE NO. 48.-ALTERATIONS TO MOONDA KHERA BRIDGE. . 

ABSTRACT OF ESTIMATE No. 48. 

. . O T -  

DEWRIPTION. / No. 1 IJ. 1 B. 1 D. I Q o ~ s m .  1 T a r  1  BAND Tmrr 

ESTIMATE 49.-ALTERATIONS TO UCHEHJA BRIDGE. 

QUANTITY. DXSCRIPTION. 

... ... 

... 
410 

, .. 

Dmolition, OM maaonry, 
vide Estimate No. 39 . . . .  Deduct flooring 

Jfaronry, vide Estimate 
No.39 ... ... 

Raising water-wing ... 

Deduct flooring, vide Esti- 
mate No. 39 ... 

C 

ABSTRACT OF ESTIMATE No. 49. 

. . . . . .  

. . . . . .  

. . . . . .  
2 

. . . . . .  

... 

... 

... 
2 

... 

Cubic feet 
9 )  

Lineal feet 

+ 

DE~CRIPTION. 1 l o .  1 b. 1 B. 1 D. 1 QUANTITY. / Tor*= 1 izc 

... ... 

... 
2 

... 

Demolition, old masonry, a t  Ro. 1 per 100 ... ... 
... ... Kunkur masonry, a t  Rs. 20 per 100 ... 

Girder bridge, a t  Hs. 90.21 per f o ~ t  ... ... ... ... ... ... ... ... .Towing-path . . 
GRAND T ~ A L  

12,547 
7 5  7 

135 

Benwliliort, old maaon~y, vide 
Estimate No., 42 

Maso~lry, vide Estimate 
No.39 ... ... 

Raising water-wings ... 

Deduct flooring, :,vide Esti- 
mate No. 39 ... 

12,547 

7,517 

16,091 
3,544 

8,489 
3,280 

... 

Re. 
125.47 

1,503.40 
12,178.35 

377.3 - 
14,184.52 - 

12,547 -- 

11,769 

4,252 -- 

a 

TOTAL. 

Rs. 
125.47 

1,093.40 
12,178.35 

377.30 

13,774.68 

12,547 

6,467 

' DESCRIPTION. 

... Demolition, old masonry, at Re. I per 100 ... 
Kunkur masonry, a t  Rs. 20 per 100 ... ... ... 
Girder bridge, at Re. 90.21 per foot ... ... ... ... Towing-path ... ... ... ... ... 

- - -  

QUANTITY. 

GRAND TOTAL - 
Cubic feet 

~ine;  feet 

... 

... 
1.5 

... 

... 
8,489 
1,230 -- 

. . 

. . . . .  
. . . . . .  

2 

. . . . .  

12.547 
5,467 

135 

... 

9,719 

4,252 --- 

. . 

... 
. 205 

. . 
... 
2 

I ... .. 



ESTIMATE NO. 50.-ALTERATIONS TO PULRA FALLS. 

DESCIUPTION. 

Elrcacatwn. 

... Lock channel 
Filling behind side wall 'if 

falls ... ... ... 
Demolition, OM maswry. 

At head of lock channel, 
ride Estimate No. 17 ... 

... Falls of chamber walls 
Lock bridge ... . . 

... Flooring of falls ... 

... TJ ... ... Chamber walls ... 

Lifting and relaying kunkur 
... ... flooring, dry 

Maam y. 

. Raising lock malls.. ... 
... ... J J  

J J  . . ... 
Raising water-wing up- 
stream .. ... . 
,, side chamber walls 

Prolongation of piers ... 
New piers ... ... ... 

... New drop walls ... 
Flooring ... ... ... 

... )) 

Lack bridge, 0% ~ s t i :  
... mateNo.17 ... 

Deduct- 

From piers ... ... ... 
JJ ... ... 

... ... 2, -.. 
)I -.. ... ... 

Arch-wwk. 

In lock, vide Estimate 
No. 17 ... ... ... 

In piers ... ... .. 
... ... ... J I  

... Brick-on-edge ... 

Sloffejlooring ... ... 

- 

/ No. L. B. 1 D. 1 I .  1 TOTAL. 1 GWD 

... 
2 

... 

... 

... 
6 
2 

... 

. 

... 

... 
2 
2 
4 
6 
5 
5 
2 

. . a  

4 
5 

4 
4 

1.. 

4 
5 

5 
2 

5 

320,250 

3,200 - 

22,713.50 
8,830 
2,582.99 

29,550 
2,955 

19,008 

24,480 - 

360 
1,413 
1,350 

504 
1,040 
6,918.4 
7,332 
1,925 

19,700 
1,970 

1,542.59' - 

672 
630 

1,702.35 
1,815.84 

504 

584.16 
547.65 -- 

7,850 
942 -- 

1,500 -- 

7 

5 

... ... 

... 
3 
3 

l1 

3 

1 
1 
1 

4.5 
6 

18.8 
18.8 
3.85 
2 
2 

... 

4 
3 

... .,, 

... 
1.5 
1.5 

1 
1 

-75 

1,500 

20 

... 

... 

30.5 

16 

... ... 

523,450 

85,639.49 
- 

24,480 

44,054.99 

4,820-19 -- 

1,635.81 -- 
8,792 ' -- 
1,500 -- 

323,450 

85,639 

24,480 

39,235 

1,636 

8,793 

1,500 

9&50 do' 
98.50 5 

96 i 4.50 

136 

120 
314 
150 

14 
26 
23 
26 
20 
98.5 
98.5 

... 

14 
14 

Area 
113.49 
113.49 

... 
C' ircum 

24-34 
21-39 

78.5 
78.5 

20 

eo 

3 
4.5 
9 

4 
4 
4 
3 
5 

20 
5 

... 

3 
3 

3 
4 

... 
4 
3 

20 
6 

20 
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ESTIMATE No. 50.-ALTEIRATIONS TO PULRA FALLS,--continwed. 

ABSTRACT OF ESTIMATE No. 50. 

I Q U ~ T Y .  DESCBIPTION. I TOTAL 

Cubic feet 

># 

Square fet 

Lineal feet 

L. 

50 

18.9 

10.5 

8.5 

B. 

15 

8.5 

... 

... 

I~~CRIPTION. I No. 

Excavation, a t  Ra. 2.25 per 1,000 . . . 
Demolition, old masonry, at Re. 1 per 100 

Lifting and relaying kunkur flooring, at RE. 

Kunlrnrrnasony,atRe.l7perlOO ... 
Brick-work, at Rs. 22 per 100 ... ... 
A.rch-work, a t  Rs. 26 per 100 ... ... 
Brick-on-edge, at Rs. 25 per 100 ... 
stom flooring, tit RS. 2 per foot.. ... 
Pitching, at Rs. 10 per 100 ... . . . 
Grating, at Ra. 1-15 per foot ... ... 
Girdem, at Rs. 4.%5 per foot ... ... 
Wall-plates, at Rs. 6.25 per foot ... 
Rajbuha head A. L. . . . ... . ... 

Pitching ulopeu . . . . 

Bratkg ... ... . 
Girdesu ... ... ... 
Ipall-pGates.. . .. . ... 

F 

7 per 1,000 

.. IT-m=. 1 %AL 1 : z ~  

2 

10 

20 

10 

Ra. 

727.76 

856.39 

17 1.36 

5,002-42 

2,157.98 

425.38 

2,198.00 

3,000~00 

150.00 

1,848.06 

892.50 

531.25 

1,410.78 

1,500 

1,607 

210 

85 

C 

1,500 -- 
1,606.5 -- 

210 -- 
85 

1 

... 

. . . 

1,500 -- 
1,606.5 -- 

210 - -  
... I 85 

-- 
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ESTIMATE Na 61.-AL'PERATLONS TO KOEL BRANCH HEAD. 

Dsscrum~. - ._- - 

Demolition, old masonry, vide 
Eetimate No. 41 

Nerp acasoffty. , 

htmente ... ... ... 
... ... 

Bad& of uch  ... ... ... ,J 3) ... 
Baising ~ n d r i l e  & roadway 

... 19 n 
*J ... 

p i  ... ... 
retrin..g '*walls ';) ... l a 8  P 0- 

pillare ... #a ... J) wall of gh&i 
Baising water-wings down- 
stregm ... ... ... 

Newwingeandetepa ... 
... 9, dk ... * * -  

~ a r t a i ~  ... ... 
... 19 

Flooring 
&king of Lverta ' .' 
Water-wingsoflock 

13 91 

I# ,, 
91 

Weir in branchtead 
Baieing wing-w& . . 
Pmpeta ... ... ... 
pillan ... ... ... 

Deduct hollow part of walls 

Lbdiag Inrerts, brick-on- 
edge, same as Estimate 
No. 41. 

liwk g a b  ... ... 

&&, PuZkp, 51zriee6, C h i %  
aa Estimate No. 41. 

Upright girders ... .-. 

Im drop gatrr ... ... 

a7ooaeffgdss ... ... 

-. 

-- 

. . . . .  

2 ...... 
4 
e 
4 
4 
3 
3 

22 

. . . . . .  
4 
2 

a 
6 
4 
a 

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

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  . . . . . .  . . . . .  
8 
8 
8 

... 

a 

8 
3 

2 

12 
2 
3 

I 

AD. - - 

... 

18 
18 
18 
1 8  
92 
43 

135 
2% 
6 

91 
6-25 

125 

30 
13-50 
17 

127 
15 
15 
18 
16 
27 
30 
27 
30 
35 
20 
go 
3 

90 

9-54 

15 
11*50 

2050 

6.66 
7.50 
6.66 

... 

6 
6 

10 
1'5 
2 
2 
3.33 
4 
8 

2 
8-25 
2*50 

a 
3 
3 
6 
s 
5! 

16 
109 

4 
4 
2.5 
2.5 
4 
2.50 
1-5 
3 

a 

. 

... ... 

... 

... ... ... 

... 

10 
-15 

3 
3 
5-5 
6.5 
1 
6 
5 

3 
3 
3 

3 
11 

1.50 
16.50 
6 
4 
1 
1.76 
6 
6 

10-5 
7 
2 
6.5 
2-25 
a-25 

12.6 

{ i:: 

... ... 
95 

9.5 
7.5 
7.5 

... 

58,492 

9,250 -- 

324.86 -- 

154 -- 
389 

1,021 

- 

... 

2,160 
1,620 
2,160 

81 o 
4,048 
1,893 
'1,350 
1,584 
1,980 

546 
468.75 

1,875 

360 
2,675 

306 
25,146 

a70 
120 
288 

3,052 
648 
720 
708.75 
526 
280 

2,200 
640 
163 

2,250 -- 

) 324.38 -- 
120 
34.6 -- 

389.5 -- 
759.24 
113.50 
149.85 

GRAND ( 
2,700 

56,242 

324 

164 

389 

1,021 

. - 
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ESTIMATE NO: 51.-ALTERATIONS TO KOEL BRANCH HEAD,-continued. 

ABSTRACT O F  ESTIMATE No. 51. 

DESCRIPTIOX. GRAWD 1 N o  1 L. 1 B. 1 D. 1 Ouarmrr. ( TOTAL / 
C h i n  (light) ... ... 

Pitching slopes . . . . . . .  

Metalling, Relaying 

i 

34 

2 
2 

. . . . . .  

TOTAL. 

27.00 

3,003.00 

7,170.94 

582.66 

453.44 

72.00 

2,106.00 

540.00 

20.00 

500.00 

94.00 

1,447.60 

1,945-00 

1,276.25 

374.00 

501.90 

55.00 

290.00 

279.6 - -  
20,831.59 

DESCRIPTION. 

Demolition, old masonry, a t  Re. 1 per 100 ... ... 

... ... Brick-work, a t  Rs. 22 per 100 . . ... 

... ... Kunkur masonry, a t  Rs. 17 per 100 ... 
... ... ... Arch-work, a t  Rs. 26 per 100 ... 
... ... Inverts, a t  Rs. 26 per 100 ... ... 

... ... ... Brick-on-edge, a t  Rs. 25 per 100 

Lock Qear. 

Lock gates, at Rs. 6.5 per foot ... ... ... ... 
Crabs, a t  Rs. 135 each ... ... ... ... ... 

... ... ... ... Pulleys, a t  Rs. 5 each ... 

... ... ... ... ... Sluices, at Rs. 125 each 

... Chain, a t  Ite. 1 per foot ... ... ... ... 
... Upright girders, at Rs. 9.4 per foot ... ... 

Iron drop gates a t  Rs. 5 per foot ... ... ... 
... ... ... Wooden gates, a t  Re. 1'25 per foot 

Windlasses, small, a t  Rs. 22 ea'ch ... ... ... 
... Chain, light, a t  Rs. -9 per foot ... ... ... 

Axle blocks, s t  Rs. 5 each ... ... ... ... 

... ... Pitching, a t  Rs. 10 per 100 ... ... 

... ... ... ... Metalling, at Rs. 6 per 100 

GWD TOTAL 

-- 

QUANTITY. 

561 

2,900 

4,660 
- 

16-50 

50 
50 

478 

Cubic feet 

1 9  

YY 

J, 

J J  

,* 

Square feet 

No. 

Y Y  

>, 

Lineal feet. 

,, 
Square feet 

J ,  

No. 

Lineal feet 

No. 

Cubic feet 

,, 

... 

1 
1 

-75 

561 

2,900 

4,660 

... 

19 
10 

13 

2,700 

11,060 

,42,182 

2,241 

1,744 

288 

324 

4 

4 

4 

94 

154 

389 

1,021 

17 

561 

11 

2,900 

4,660 

561 -- 
1,900 
1,000 -- 
4,660 

- 



ESTIMA'I'E No 62.-ALTERATIONS TO BURROWLEE, DUBTHULLA, AND 
CHUNGEYREE BRIDGES. 

ABSTRACT OF ESTIMATE No. 63. 

DM-ON. / NO. I L. 1 13. 1 D. 1 ~ u a m k .  /  mu 1 GRAND 
Demolition, OM maaonry. 

Arches ... ... ... 
Sp~nclrih .. ... ... 
Parapets . . . . ... 
Pillare ... ... ... 

... Flooring . . ... 

Masonry. 

Baiging and abutments 

Parapeta .. ... ... 
Pillam .. ... ... 

... Raising wings ... 

... Parapeta on piera ... 
... Flooring ... . . 

Cubic feet 

3 

6 

2 

. 4  

3 

4 

4 

4 

4 

4 

3 

13,903 

8 

43 

24 

190 

3 

40 

23 

30 

3 

30 

6 

40 

21 

2.50 

1.5 

3 

21 

6 

1.5 

3 

a.6 

2.5 

21 

.... Demolition, old masonry, at &. 1 per 100 ... 

2.50 

7 

2.41 

2.41 

1-25 

9.5 

2.41 

2.41 

0-60 

2.41 

1.5 

Re. 

139.03 

6,772.50 

2,520.00 

1,373.70 

86.76 

3,150.00 

-- 

4,370 

433.80 

86.76 

180.00 

120.50 

3,780.00 

-- 

13,902.96 

- 

8,971.06 

13,903 

8,971 
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ESTIMATE NO. 53.-FALLS AT BURROWLEE AND CHUNGEYREE. 

~ a c n ~ m o r  OF WORK. 

Foundations. 

... Waterings up-stream 
... Curtain ... .. 

... Drop walls ... ... 
... ... ... 21 

Curtains under lower gates 
Sides of wells ... ... 
Abutments of gates up- 

... stream ... ... 
)J ,, down- 

... stream ... ... 

... Side walls of locks 
Abutments of bridge .. 

... Side walls down-stream 

... Flooring up-stream 
... ,, of well ... 

... ,, under gates 
Backing of inverts ... 

... Division wall of lock 
,, ,, sides of well 

... ,, ,, of lock 

... ,, ,, ,) 
Drop mall of fall ... 
Curtain of fall ... 

... 9 ,  I J  

Flooring of fall ... 
Wells in curtain of fall .. 

,, walls of basin ... 
,, division walls ... 

Covering of wells in curtain 
,) ,, division wall 
J, ,, ofbasin 

DEDUCT- 

Brick-on-edge. 

Lock flooring ... ... 
... ,J . .  ... 11 ... 

Flooring of fall . . 
Tops of drop wall and curtain 
Waterin@ up-stream ... 

Superstructure. 

Wate-rings up-stream ... 
Abutments of gates up- 

stream ... ... ... 
,) ,, down- ... stream ... 

, of bridges ... 
... ,) JJ 

Counterforts ... ... 
Wing-walls of bridge ... 
Side walls down-stream ... 

Carried over 

I No. 1 Ii. 1 I3 1 D. / Q u m m  1 Tmrr 1 pmz. 

2 
2 
2 
2 
4 
2 

2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
15 
34 

3 

5 
3 
3 
3 
3 
6 

6.5 

11 
8 
6 
6 

17 
7.25 

10.5 
16 
7 
7 
7 
7 
5.5 
3 
3 

61 
1.5 
1.5 
2 

Area. 

25 
16 
16 
16 
16 
14 

16.5 

16.5 
106 

3 
50 
16 
16 
16 

168.5 
18 
14 
83 
67 

123 
123 
123 
123 
14.12 
14.12 
18.8 

8 
5 
9.14 
4 
3 
4 

8 

2.5 
2.5 
2.5 
2.5 
3 
3 
2.5 
1.75 
8 

12.14 
8 
5.5 

10.64 
4 
1.5 
1.5 
7 
9 
9 

15 
... 
2 

2 
2 
2 

. . . . . .  
... 
2 

2 

2 

2 
2 
2 
2 
2 
2 

. . . . . .  

2,000 
480 
877.44 
384 
576 
672 

1,716 

907.50 
6,240 

90 
1,500 
1,632 

696 
840 

9,436 
2,016 
2,379-44 
9,296 
5,159 
7,197.96 
1,476 

553.50 
11,25450 
2,223.90 
6,481.08 
1,015.20 

1.5 
2 
2 

1 
1 
1 
1 
1 
4 

11 

11 

16.14 
11 
9.5 
8 
9 

11 

... 

21 
180 

16 
16 
16 

123 
123 
25 

25 

16.5 

16.5 
3 
3 
3 

12 
50 

... 

158.85 
294 

2,880 

544 
252 
336 

7,503 
984 
300 -- 

1,650 

2,178 

4,527'27 
330 
171 
168 
540 

3,300 - 
18,864.27 

7.06 
7 
6 

17 
7-25 

10.5 
61 

8 
1.5 

3 

6 

8.5 
5 
3 
3.5 
2.5 
3 

... 

78,432.37 

9,899 
A-- 

- 

68,533 
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ESTIMATE No. 53.-FALLS AT BURROWLEE AND CHUNGEYREE,-continued. 

DXSCBIPTMN OF R'ORK. 1 No. 1 L 
. . . . . .  Brought forward I 

Side walls of locks 
Division wall of locks ... I 

J J ,  ,J ... Piers ... ... ..- I 
... ... ... 9 J  

Backing of arches.. . ... ( 
... 99 J J  

Betaking walls down-stream 

... ... 2, ... ... ?, ... From piers ... 
Arches of piers ... ... 

Inverts ... ... 

Arches of fall ... ... 
, ,, lock ... ... 
, under piera ... 

Lock flooring ... ... 
... ... 99 ,a ... ... J ,  > J  

Flooring of fall ... ... 
Tops of drop wall and &in 
Roadway of bridge ... 

Cmcrete ... . . ... I .. 

Elwrdiosz Basin ... 
~ d d  foundations ... ::: 1 ::: 
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ESTIMATE No. 53.-FALLS AT BURROWLEE AND CHUNGEYREE,-continred. 

ABSTRACT O F  COST OF ESTIMATE No. 53. 

G Ram DESCBIPTION. 1 No. 1 IJ. 1 I!. I D. / Qr~nm. 1 TOTAL. 1 
2,400 

92 1 -- 
8 -- 
8 

8 -- 

21 2 -- 
2,836 

357 -- 
105 -- 

... ... PilcAing Slope8 

... ... Jock gates ... 

... Pulleys ... ... 

Crabs ... ... . 

... ... Sluices ... 

Qain ... ... ... 

&atkg ... ... ... 

... Girdeta ... ... 

... ... T a l l  plats ... 

- -. -- .. 

Q U ~ T I T Y .  

%,400 

921 

8 

8 

8 

212 

2,835 

357 

105 

2 

4 

8 

8 

8 

4 
4 

7 

21 

7 

- -- 

DESCBIPTION. 

... Kunkur masonry in foundations, a t  Rs. 17 per 100 . ... 9 )  superstructure, a t  Rs. 19 per 100 
... ... ... ... Brick-work, at Rs. 22 per 100 

... ... Arch-work, light, a t  Rs. 26 per 100 ... ... ,, ... inverts, a t  Rs. 26 per 100 ... ... ... Brick-on-edge, at RE. 25 per 100 ... ... ... Concrete, at Rs. 14 per 100 ... ... ... ... ... Puddle, at Rs. 10 per 1000 
Kunkur flooring, " dry," a t  Rs. 8'per 100 ... ... 

... Well sinking, a t  Rs. 5 per foot ... ... ... 
Crabs, at Rs. 20 each ... ... ... ... ... 
Excavation, a t  Rs. 2.5 per 1000 ... ... ... ... ... ... Pitching, at Re. 10 per 100 ... ... ... Lock gates, at Rs. 6.5 per foot ... ... 
Pulleys, at Rs. 5 each ... ... ... . . ... 

... ... Crabs, at RLq. 135 each ... ... ... ... ... ... Sluices, at Rs. 125 each ... ... ... Chain, a t  Re. 1 per foot ... ... ... ... 
Sleepers, a t  Rs. 11,625 each ... ... ... ... 

... Grating, a t  Rs. 1-15 per foot ... ... ... ... Girders, a t  4.25 per foot ... ... ... 
Wall-plates, at Rs. 6.25 per foot::: . . . . . . .  ... 
Sleeper hooks, a t  Re. 7 each ... ... ... . . 

GRAND TOTAL 

Cubic feet 
J I  

YJ 

,, 
,, 
J) 

31 

,, 
~ i n e z  feet 

No. 
Cubic feet 

,# 

Squarefeet. 
No. 

3) 

,Y 

Lineal feet. 
No. 

Square feet 
Lineal feet 

9, 

No. 

60 

9.54 

... 

... 

... 

25.5 
27.6 

15 

17 

15  

COST. 

RE. 
11,650.61 
9,412.60 
6,298.01 

855.68 
2,168.66 
2,464.50 
3,461.22 

91.60 
295.50 

2,325.00 
1,100.00 

271.11 
2$0.00 

5,986.50 
40.00 

1,080.00 
1,000.00 

212.00 
662.68 

3,260.25 
1,517.25 

666.25 
14.00 --- 

53,563.09 

68,533 
49,540 
24,082 
1,368 
8,341 
9,858 

24,723 
9,160 
3,690 

465 
55 

108,444 
2,400 

921 
8 
8 
H 

212 
57 

2,835 
357 
195 

2 

1 

] 

... 

... 

... 

... ... 

... 

... 

... 

24 

{ 

.., 

... 

... 

... 

... 

27 

... 

... 

2,400 -- 
921.18 

-- 
8 

3 -- 
8 -- 

102 
110 -- 

2,835 -- 
357 - -  

105 



ESTIMATE NO. 54.-HUSIMPOOR FALLS. 

ESTIMATE NO. 5 5 . A D D I T I O N S  TO SIMRA FALLS. 

Ttde Estimate No. 53 ... ... ... ... ... ... ... 
Additional for curtain down-stream, two-thirds of that a t  Moonde Khan, 

oidG Estimate 46-# x 1,423 = ... ... ... ... ... ... 
GRAXD T O T ~ L  

63,563.09 

948.66 

65,511'75 

ABSTRACT OF COST O F  EBTIJIBTE No. 55. 

Cubic feet 
,, 
9, 

,J 

GRAKD 
TOTAL. 

34,126 

15,214 

1,053 

D ~ s c a r ~ ~ ~ o x  OF WORKS. 

Demolition, old masonry, a t  Re. I per 100 
Kunknr masonry, a t  Rs. 17 per 100 ... 
Brick-work, a t  Re. 22 per 100 ... ... 
Archwork, a t  Re. 26 per 100 ... ... 
Excavation, as Estimate No. 60 ... ... 
Stone flooring ,, ,, ... ... 
Pitching slopes ,. ,, ... ... 
Rajbuha head ... ... ... ... 
Grating, 8zc. ... ... ... ... 

... 

17,546.69 

2,332.35 
- 

1,052 -- 

... 

3,123 

504 
3,120 

9,257 

1,542.59 

630 

1,702.36 

604 
547.65 

Dtwwlitior~, OM Hasony, 

At head of lock channel, lock 
bridge, and tail walls as 
Estimate No. 50 

Mason y. 
On lock, oidG Estimate No. 50 
BPieing up-stream water- 

wings ... ... ... 
,, chamber walls 

% {  N0.50 ... 
Lock bridge, oide Estimate 

No. 17 ... ... 
Dedwcd- 

... ... From piera ... 
J, 

ArcAwork 

In lock, oidG Estimate No. 17 
... Inpiers ... ... 

. . . . . .  

... 
2 
6 

... 
. . . . . .  

6 
Area. 

6 

... 
5 

... 

... 
14 
26 

... 

... 

14 

113.49 

2 i 3 4  

... 

... 
4 
4 

... 

... 

3 

3 

in 

... 

... 
4.5 
5 

... 

... 

3 

... 

... 
1 -5 



ESTIMATE NO. 56.-ADDITIONS TO KASUNPOOR BRIDGE. 

DESCRIPTION OF WORK. I No. 1 L. 1 B. 1 D. 

ABSTRACT OF COST OF ESTIMATE No. 56. 

Demolition, old masonry. 

Vide Estimat,e No. 58 ... 
Masonry, as Estimate No. 58 

Raising ghats ... 

. . . . . .  

. . . . . .  
2 

ESTIMATE NO. 57.-ADDITIONS TO BAROTHA AND SHEKLA BRIDGES. 

GRAND D s s c a m ~ o ~  OF ITOR.. 1 No. 1 L. 1 B. I D. ( QUASTITY. 1 TOTAL. 1 

QUANTITY. DESCR~PTION. 1 Corn. 

Cubic feet 

~ i n e a i )  feet 

I 
ABSTRACT OF COST O F  ESTIMATE No. 57. 

... Demolition, old masonry, at Re. 1 per 100 ... 
Kunkur masonry, at Hs. 20 per 100 ... ... ... 

... Girder bridge, at RE. 90.21 per foot ... ... 
Towing-path ... ... ... ... ... ... 

GRAND TOTAL 

10,755 
11,181 

120 

Cubic feet 15,793 
9 ,  10,451 

Lineal feet 120 

Rs. 
107.53 

2,236.20 
10,825.00 

377.30 - 
13,546.03 

15,793 

10,46 1 

Demolidion,' old masonry. 

... Arches ... ... 
Estimate 

Parapets ... 
Pillars ... No. 52 

... Flooring ... ... 
Masonry. 

Raising pier and abutments 

Demolition, old masonry, at Re. 1 per 100 ... ... 
Masonry, at Rs. 20 per 100 ... ... ... ... 
Girder bridge, at Rs. 94.35 per foot ... ... ... 

... Towing-path ... ... ... ... ... 

GRAND TOTAL 

. 

3 

. . . . . .  
3 

4 

43 

... 
40 

27 

... 

40 

25 

... 
25 

5 
Parapets 

... 

8,062-50 

3,980.46 

3,750 

5,130 

2.5 

... 
1.25 

9.5 

... 

25 ... Flooring ... ... 

15,792.96 

821.06 

4,500 --- 
- ~- 

... 

, 1.5 3 
10,451 

- 
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ESTIMATE NO. 58.-ALTERATIONS TO DUOPOOR AND MACHOOA BRIDGES. 

ABSTRACT O F  COST O F  ESTIMATE No. 58. 

GRAND 
TOTAL. 

10,753 

5,! 91 
i 

-, 

D ~ p a l n i o r  or  WORE. 1 No. 1 L. 1 B. 1 D. 1 QUAST~Y. 1 TOTAL. 

Benzolilion, old masonry. 

Vide Estimate No. 52 
Deduct flooring ... 

Maaonry. 

ride Estimate No. 52 
Deduct flooring ... 

Q u ~ i i ~ m .  

ESTIMATE NO. 59.-ADDITIONS, t c .  TO NUNOON REGULATOR. 

DESCRIPTION. GRAXD 1 No. I L. 1 B. I D. 1 Q u a r m r  1 TOTAL. 1 

Cubic feet. 

~ i n d k e e t  

DESCRIPTIOX. COST. I 

... 

... 

... 

... 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

10,753 
5,191 

120 

... Demolition, old masonry, at Rs. I per 100 ... 
Kunkur masonry, at Rs. 20 per 100 , . . ... ... ... Girder bridge, at Rs. 90.21 per foot ... ... 
Towing-path ... ... ... ... ... ... 

G u n ~  TOTAL 

... ... 

... 

... 

... 

... 

... 

... 

13,903 
3,150 

3,971 
8,780 

Rs. 

707.53 
1,038.20 

10,825.00 
377.30 

.- 

12,348.03 

31.56 

31.56 
20 

150 
127.5 
127.5 
14 
14 
80 

150 
16 
16 
16 
17 
18  
18 

100 

Demolition. 

Flooring ... ... ... 

Masonry. 

Flooring ... 
... 

LO$ walls ... 
J) 

9J  

Thickening of wall at gates 
Lock walls under bridge ... 

,, on ghats ... 
Flooring of lock ... ... 
Curtains ... . . ... 
Drop walls of locks ... 

... JJ  

Piers ... ... ... 
Water-wings ... 

... J) 

D e d u c t  

Hollow pa* of lock ... 

10,753 

5,191 
- 

5 

5 
3 
3 

. . . . . .  . . . . . .  
,,, 
3 
2 
3 
3 
2 
2 
7 

. . . . . .  

. . . . . .  

3 

20 

20 
2 
6 
4 
3 
3 
2 
3 

1 7  
2 
2 
2 
2.5 
4 
2 

11 

4,734 

75,585 -- 

4,734 

75,585 

15 

2 
2 

15.75 
5.75 

10 
15.75 
10 
10 

2 
3.75 
6 
4 

10 
5-75 

10 

2 

4,734 

6,312.0 
240.0 

42,525-0 
2,932.5 
3,825.0 

6GI-5 
840.0 

4,800.0 
15,300.0 

360.0 
384.0 
256.0 

2,975.0 
414.0 
360.0 -- 

82,185 

6,600 -- 



J'ineal feet 

Cotic f '  

&roore f& 

J# 

Lineal fect 

140 Stoae gmmes, at Re 1 pa foot.,. 

... 8.5 S%1 Timber, at .t. 3 per foot 

... 1,470 1 Orating, at Be. 1-15 pa fmt 
I 

... 703 Gates, at Re. 1-25 per foot 

14 Windlasses, at Ba 22 en& ... 
3 I A s l e b l o c b , a t R a . 5 d  ... 

I;ock Gear. 

763 Lock gates, at Rs. 6.5 per foot ... 
12 Slnicee, at Ra. 125 each ... ... 
12 Pulleye, at Ra. 5 each ... ... 
12 Crab, at Ra. I35 each ... ... 

818 Chain, at Re. 1 per foot ... ... 



ESTIMATE NO. 60.-ALTERATIONS, b., TO KEYLUMPOOR BRIDGE 
CAWPOOR BRANCH. 

ABSTRACT OF ESTIXATE No. 60. 

DESCBIPTION. 1 No. 1 L. 1 B 1 D. 

ESTIMATE NO. 61.-ALTERATIONS, BRIDGES, 3 ARCHES OF 83'-18' ROAD-WAY. 

- 
QWD 
T_. 

9,376 

2,9841 

QUANTITY. 

6,512.5 
1,406.25 

973 
1,485 --- 

2,467 
81 

396 -- 

Demolition. 

Archen ... ... ... 
Spandrils ... ... ... 
Parapeta ... ... ... 
Ogeee ... ... ... 

Madonrg. 

Baising piers and abutments 
Parapets on piers ... ... 
Flooring ... ... ... 

z- 

QUANTITY. 

ABSTRACT OF ESTIMATE No. 61. 

TOTAL. 

9,375-76 -- 

2,934 -- 

3 
12 
2 
3 

4 
4 
3 

Cubic feet 

~ i n e i  feet 

DESCRIPTION. 

QUAXITIT. DESCBIPTION. TOTAL. 

Cubic feet 7,891 Demolitions, at Re. 1 per 100 ... ... ... 78.91 ... 2,538 Kunkur maeonry, at Rs. 19 per 100 ... ... 482.22 
~ i n d  feet 99 Girder Bridge, at Be. 74'14 per foot ... .., ... 7,339.86 

Towing-path ... ... ... ... ... ... 827.30 

GRAND TOTAL 1 8,228.29 

2.5 
2.5 
3 
3 

6.5 
3 
0.6 

35 
18.75 

108 
33 

21 
45 
83 

9,316 
2,934 

99 

Demolitions, at Re. 1 per 1 00 ... . ,. ... .,. ... Kunkur masonry, at Rs. 19 per 100 ... ... 
... Girder bridge, at Re. 74.1 4 per foot ... ... 

... Towing-path ... ... ... ... . .  
GRAND TOTAL 

, 

DESCRIPTION. 

21 
2.5 

15 
5 

4.5 
1.5 
8 

Re. 

93.76 
557.46 

7,339.86 
327.30 - 

8,3 1 8-58 

L. No. GRAND B. 1 D. I QUANTITY. / TOTAL 1 T_ 

Demolitha, vide Estimate, 
No. 60, deduct Ogee 

Mauony, v i h  Estimate, 
I No. 60, deduct Flooring.. - 

..... .  ... 

. . .  ... 

... 

... 

... 

... 

7,891 

2,588 



ESTIMATE NO. 62.-ALTBRATIONS, BRIDGES OF 3 ARCHES OF 33'-20' 
ROAD-WAY. 

ABSTRACT OF ESTIMATE No. 62. 

- - 

DESOBI~TION. TOTAL. 

ESTIMATE NO. 63.-ALTERATIONS, BRIDGES, 3 ARCHES OF 32'-18' ROAD-WAY. 

6,037.50 Demotition, Arches .. ... 3 I 35 I 23 I 2.5 

QUANTITY. 

ESTIMATE NO. 64.-ALTERATIONS, BRIDGE, 3 ARCHES OF 31'-18' ROAD-WAY. 

1 

- --. - - -- 

DESCRIPTION. I TOTAL. 

Cubic feet 

feet 

... Demolitions, at  Re. I -  per 100 ... ... ... 
Kunkur masonry, a t  Rs. 19 per 100 ... ... I . . 
Girder bridge, a t  Rs. 75.98 per foot ... ... ... 

... Towing-path ... ... ... ... ... 

GBAND TOTAL 
- - 

8,416 
2,772 

99 

--- 

TOIAL. 

Ra. 

661.13 
7,117.46 

327.30 -- 
8,005-87 

Spandrils ... 
Parapets a ,. 

Maony,  Raising piers and 
abutments ... 

Parapets on piers, 
vide Estimate, 
NO. 60 b . .  

Rs. 

84-16 
626.68 

7,522.02 
868.60 - 

8,501-36 

DESCBIPTION. 

Demolition and masonry, vide Estimate, No. 61 ... 
Girder bridge, at  Rs. 74.14 per foot ... ... ... 
Towing-path ... ... ... ... ... ... 

GRANDTOTAL 

QVANTITY. 

2,378.25 -- 

2,691 

81 --- 

Lineal feet 

QUANTITY. 

1 vide Estimate, No. 60 ... 

96 

Lineal feet 

DESCRIPTION. 

8,415.75 

2,772 -- 

93 
I)emolitions and masonry, oide &timate No. 01 ' ..-. 
Girder bridge, at  Rs. 74.14 per foot ... ... ... 
Towing-path ... ... ... ... ... ... 

GMNDTOTAL 

8,416 

2,77a 

i 

6.5 

... 

4 

... 

RE. 

561.13 
6,895.03 

327.30 

7,783.45 

B 

23 

... 

4.5 

... 

- 



( 83 1 
ESTIMATE No. 65.-1 BRIDGE, 3 OF 30'-18' R~AD-WAY.  

ESTIMATE NO. 66.-1 BRIDGE, 3 OF 30'-20' ROAD-WAY. 

QUANTITY. 

ESTIMATE NO. 67.-1 BRIDGE 3 OF 29'-18' ROAD-WAY. 

D ~ s c a r ~ n o x .  

Demolition, masonry Pzde Estimate No. 61 ... ... 
... Girder bridge, at Its. 74.14 per foot ... ... 

... Towing-path ... ... ... ... ... 
GRAND TOTAL 

Lineal feet 

COST. 

561.13 
6,672.60 

377.30 - 
7,611.03 

90 

Q u a x m .  

ABSTRACT OF COST, ESTIMATE No. 67. 

* 

t 

Lineal feet 

DESCRIPTION. I Cosr. 

GRAND D u c ~ r m m  or WOE.. / No. 1 L. I B. I D. 1 QVANTITT. 1 TOTAL. ToTrr. 

90 
Demolitiog, masonry, Pide Estimate No. 62 ... ... 
Girder bridge, at Rs. 75-98 per foot ... ... ... 
Towing-path ... ... ... ... ... ... 

GRAND TOTAL 
- -  

ESTIXATE NO. 68.-1 BRIDGE, 3 OF 29'-20' ROAD-WAY. 

61 0.84 
6,858.20 

368.50 

7,817.54 
- 

Demolition, Archea .. 
... Spandril# 

Parapets . . 

GRAND D r e v m a  o. WORK. I No. 1 L. 1 B. 1 D. / QUA??TY. 1 TOTAL- 1 T~~~ 

- 

3 
12 

2 

QUANTITY. DESCRIPTION. I Cosr. 

Cubio feet 

Lineal feet 

29 
16.75 
96 

6,687.75 
- 

Demolition, a t  Re. 1 per 100 ... ... . . ... 
Masonry, vide Estimate No. 61 ... ... ... 
Girder bridge, a t  Re. 74.14 per foot ... ... ... ... Towing-path ... ... ... ... ... 

GBAND TOTAL 

8,688 

87 

21 
2.5 
1.5 

6,688 

2.5 
2.5 
3 

66.88 
482.22 

6,450.18 
327.30 - 

7,326.58 
I 

4,567-5 
1,256.25 

864 -- 



Cubic feet 

~;nerli feet 

ABSTRACT OF COST OF ESTIMATE No. 68. 
C -L 

Demolition, at Re. 1 per 100 ... ... ... ... 
Masonry, vide Estimate No. 62 ... ... ... 
Girder bridge, at Rs. 75.98 per foot ... ... ... ... ... ... ... Towing-path ... ... 

I QUANTITY. D~CBIPTION. 

ESTIMATE NO. 69.-2 BRIDGES, 3 OF 28'-18' ROAD-WAY. 

Corn. 

Lineal feet 
... } vide Eetimate No. 67 ... ... Mnsonry, 

Girder bridge, at  Rs. 74-14 per foot ... ... ... ... ... Towing-path ... ... ... ... 

Re. 

ESTIMATE NO. 70.-1 BRIDGE, 3 OF 28'-20' ROAD-WAY. 

Lineal feet 1 84 

ESTIMATE NO. 71.-1 BRIDGE, 3 O F  27'-18' ROAD-WAY. 

... ... Demo'ition1 Masonry, ) vide Estimate No. 68 ... 
... Girder bridge, at  Rg. 75.98 per foot ... ... ... ... ... ... ... Towing-path ... 

597.91 

6,382.33 
368.50 



( 8s > 
ESTIMATE NO. 72.-1 BRIDGE, 3 O F  17'-20' ROAD-WAY. 

ESTIXATE NO. 73.-2 BRIDGES, 3 OF 26'-20' ROAD-WAY. 

- 
QUANTITY. 

ESTIMATE NO. 74.-1 BRIDGE 3 O F  26'-23' ROAD-WAY. 

Lineal feet 

r4 

DESCBIPTION. 1 C a r .  

.% -- 

GRAND 
DESCRMON OF FORK. 1 NO. 1 L. 1 3. 1 QUANTITY, 1 TOTAL. 1 

Demolition, Arches 

81 
... Demolition, masonry, vide Estimate No, 68 ... 

Girder bridge, at Rs. 75.98 per foot ... ... ... 
... Towing-ynth ... ... ... ... ... 

GUND TOTAL 

r 

QU~~TITY.  

ABSTRACT OF COST OF ESTIMATE No. 74. 

Rs. 

597.91 
6,154.38 

368.50 
- 

7,120.79 

Lineal feet 

.2 

DESCRIPTION. I COR 

78 
Demolition, masonry, vide Estimate No. 68 ... ... 
Girder bridge, at Rs. 75.98 per foot ... ... ... ... Towing-path ... ... ... ... ... 

GRAND T ~ Y ~ A L  
- 

Rs. 

697.91 
5,926.44 

36Seb0 
- 

6,892-85 

QUMTITY. 

- 

DESCRIPTION. 

... Demolition, a t  Re. 1 per 100 ... .., ... 
Kunker masonry, at Rs. 19 per 100 ... ... ... 
Girder bridge, at Rs. 80.58 per foot ... ... ... 
Towing-path ... ... ... ... ... ... 

G E ~ D T ~ L  

Cnbic feet 

 in$ feet 

z. 

COST. 

Ra. 

82.1 0 
637.83 

6,285.24 
426.50 

7,431.67 

8,210 
3,357 

78 



( 86 1 
ESTIMATE NO. 75.11 BRIDGE, 2 O F  35'-18' ROAD-WAY. 

ABSTRACT OF COST OF ESTIUATE No. 75. 

- 

' DESCI~IPTIOX or / No. 1 L. 1 B. 1 D. 

ESTIMATE NO. 76.-1 BRIDGE, 2 OF 35'-20' ROAD-WAY, 

Demolitionu, Arches ... 
Spandrils ... 
Parapets ... 

Mason y. 

Raising piers and abutments 
Parapets on piers ... ... 

L 

GEAND Q v n r r n  1 TOTAL. / 
3,G75 

957.5 
670.5 -- 

1,842.75 
40.50 
- 

QUANTITY. 

ABSTRACT O F  COST OF ESTIMATE No. 76. 

2 
8 
2 

3 
1 

Cubic feet 

L ine2  feet 

P 

DESCRIPTIOX. GRAND 1 TOTAL 

t 

GRAND D r a c ~ ~ n ~ o r  OF WORK. 1 No. 1 Ti. 1 B 1 D 1 Q U A N ~ T X  1 TOTAL 1 

5,333 --- 

1,883 -- 

5,333 
1,883 

70 

... Demolition, a t  Re. 1 per 100 ... ... ... 
Kunker masonry, at Rs. 19 per foot ... ... ... 
Girder bridge at h. 79-14 per foot ... ... ... 

... Towing-path ... ... ... ... ... 
GRAND TOTAL 

6,333 

1,883 
L 

Rs. 

63.33 
357.77 

6,189.80 
327.30 

- 
5,928.20 

... DemoEbionsArches . . . I  2 I 35 1 23 

Spnndri*s } vide Estimate No. 75 ... Parapets 

2.5 
2.5 
3 

6.5 
3 

35 
10.75 
74.5 

21 
4.5 

2.5 

... 

6.5 
... 

Maaonry. 

Raising piers and abutrncnts 1 3 1 23 
Parapets on piers vide Estimate No. 75 

I I 

GRAND 
TOTAL. 

Rs. 

56.83 
391.21 

5,318.60 
368.50 - 

6,135-14 

21 
2.5 
1.5 

4.5 
1.5 

4.5 
. . . . . .  

D ~ s c n ~ m o r .  
- 

. Demolition, at Re. 1 per 100.. ... ... 
Masonry, at Rs. 19 per foot ... ... ... 
Girder bridge, a t  Rs. 75.98 per foot ... ... 

... Toming-path ... ... ... 
GRAND TOTAL 

Q u a a m .  

4,025 

1,658 -- 
2,018~25 

40.50 -- 
7 

Cubic feet 

Lineal feet 

5,683 
2,059 

70 

6,683 --- 

2,059 --- 

5,683 

2,059 
3 



ESTIMATE NO. 77.-3 BRIDGES, 2 O F  33'-18' ROAD-WAY. 
- - 

ESTIMATE NO. 78.-2 BRIDGES, 2 OF 32'-18' ROAD-WAY. 

QUANTITY. 

EST'IMATE No. 79.-1 BRIDGE, 2 OF 32'--20' ROAD-WAY. 

Lineal feet 

w 

- 

DE~CRIPTION. 

66 

Demo'ition~ 1 ride Estimate No. 75 ... ... Masonry, 
... Girder bridge, at Bs. '14.14 per foot ... 

... Towing-path ... ... ... 
GBANDTOTAL 

QUAXTITY. 

ESTIMATE NO. 80.-5 BRIDGES, 2 O F  30'-18' ROAD-WAY. 

Re. 

411.10 

4,893-24 
327.30 

5,631.64 

Lineal feet 

DESCRIPTION. 1 Con. 

QUANT~TY. 

64 

) ride Estimate No. 75 ... ... Masonry, 
Girder bridge, at Rs. 74.14 per foot ... ... 

... Towing-path ... ... ... 
G u y ~  TOTAL 

DESCRIPTION. I COST. 

Rs. 

411.10 

4,744.96 
327.30 -- 

5,483.36 

Lineal feet 

C 

Q u m .  

-- 

DESCRIPTION. 

Lineal feet 

k 

64 

... 
60 

Rs . 

ride Estimate No. 76 ... ... Masonry, 
... Girder bridge, a t  Rs. 75.98 per foot ... 

Towing-path ... ... ... ... 
GBAND TOTAL 

DemO'ition~ 1 vide Estimate No. 75 ... Masonry, 411.10 
... Girder bridge, at Rs. 74.14 per foot 

... ... Towing-path ... 1 4,448.40 
327.30 

GRAND TOTAL 5,186.80 

Re. 

448.04 

4,862.72 
368.50 -- 

5,679.26 

6 



( 88 1 
ESTIMATE NO. 81.-3 BRIDGES, 2 OF 30'-20' ROAD-WAY. 

ESTIMATE No. 82.-5 BRIDGES, 2 OF 25'-15' ROAD-WAY. 

Lineal feet 

ESTIMATE No. X3.-1 BRIDGE, 2 OF 95'-20' ROAD-WAY. 

60 

Lineal feet 

- 

ESTIMATE NO. 84.-ALTERATIONS, 4 BRIDGES, 2 ARCIiES OF 25'-15' 
ROAD-W AY. 

vide Estimate Na 76 ... ... Masonry, 
Girder bridge, a t  RE. 75-98 per foot ... ... 

... Towing-path ... ... ... 
GRAND TOTAL 

50 

Rs. 

448.09 

4,558.80 
368.50 -- 

5,375.34 

COST. 

Be. 

445.04 

3,799.00 
368.50 

4,615.54 

Q U A ~ T Y .  DESCRIPTION. 

bide Estimate No. 75 ... ... Masonry, 
... Girder bridge, at 3s. '74.1 4 per foot ... 

Towing-path ... ... ... ... 

411-10 

3,707.00 
327.90 

Demolition~} Masonry, ride Estimate No. 76 ... ... ... 
Girder Bridge, at Rs. 76.98 per foot ... ... ... 

... Towing-path . . ... ... ... ... 
GRAND TOTAI, 

Lineal feet 60 

2,250-0 
737.5 
490.5 --- 

1,579.5 

40.5 -- 

3,478 -- 

1,620 -- 

3,478 

1,620 
f 

Demolitions. 

... Arches ... ... 
... Spandrils ... ... 

... Parapets ... ... 

Haamry. 
Raising piers and abutments 
Parapets on piers, vide Esti- 

mate No. 75 ... 

2 
8 
2 

3 

. . . . . .  

2.5 
2.5 
3 

6.5 

... 

2.5 
14.75 
54.5 

13 

... 

18 
2.5 
1.5 

4.5 

... 



( 89 '1 
ABSTRACT OF ESTIMATE No. 84. 

ESTIMATE NO. 85.-ALTERATIONS, 5 BRIDGES, 1 ARCH OF 30', 13' 
ROAD WAY. 

I No. I h 

QUAXTITY. 

Demolition. 

. - - -- -- 
C 

Cubic feet 

~ i n 2  feet 

DESCRIPTION. 

3,478 
1,620 

50 

Baising abutments 

- -  I 

TOTAL. ' 

... Arch ... 
... Parapets .... . . 

-- - 

ABSTRACT OF ESTIMATE No. 85. 

Demolition, at Re. 1 per 100 ... ... ... 34.78 
Masonry kunkur, at Ks. 19 per 100 ... ... 307.80 
Girder bridge, at h. 71.38 per foot ... ... 
Towing-path ... ... ... ... ... ... 310.50 

GRAND TOTAL 4,222-08 
-- - * 

. . . . .  
2 

Cnbic feet 

LkeL fet I 

... Demolition, at Re. 1 per I00 ... ... ... 
... Kunkur masonry, at Rs. 19 per 100 ... ... 

Girder Bridge, a t  Rs. 74.14 per foot ... ... ... 
... Towing-path ... ... ... ... ... 

Rs. 
18.45 

233.32 
2,224.20 

327.30 ' 

ESTIXATE No. 86.-ALTERATIONS, BRIDGES 1 ARCH OE" 30: 20' ROADWAY. 

- - --- 

DDCRIPTION. / No. 

Demolition. I 
Arch ... ... 
Parapets ... ... ::: 1 i 

Mason y. 

Raising abutments. .. ... 2 



( 90 1 
ABSTRACT OF ESTIMATE No. 86. 

ESTIMATE NO. 87.-ALTERATIONS, BRIDGES, 1 ARCH OF 25', 15' 
ROADWAY. 

Q~ANRTY. 

ABSTRACT OF ESTIMATE No. 87. 

DESCRIPTIOX. / TOTAL 

Cubic feet 

~ine;  feet 

a 

... Demolition, at Re. 1 per 100 ... ... ... 
Kunkur masonry, at Ks. 19 per 100 ... ... ... 
Girder ,bridge, at Rs. 75.98 per foot ... ... ... 
Towing-path ... ... ... ... ... ... 

GRAND TOTAL 

1,995 
1,345 

30 

DESCRIPTION. 1 No. 1 L. 1 B. 1 D. 1 Q n u m r  

ESTIMATE No. 88.-ALTERATIONS, 1 BRIDGE, 1 ARCH OF 25',20f ROADWAY. 

Rs. 
19.95 

255.55 
2,279.40 

368.50 - 
2,923.40 

L 

TOTAL. 

Demolition. 

Arch ... ... ... ... Parapets ... 
Mas0nl.y. 

Raising abutmeuta ... 

1,350 --- 

1,053 --- 

QUANTITY. 

2 6  
3 

6.5 

1,350 

1,053 

(.!!bit feet 
9 ,  

Lineal feet 

D E S ~ I O N .  I TOTAL 

1,125 
225 

1,053 - 

-- 

1,350 
1,053 

25 

... Demolition, at Re. I per 100 ... ... ... 
... Kunkur masonry, at Rs. 19 per 100 ... ... 

... Girder bridge, at Rs. 7 1.38 per foot ... ... 
... Towing-path ... ... ... ... ... 

GBUD TOTAL 
. . -- - 

- 

DESCBIPTION. I No: 1 L. 1 B. 

18 
1.5 

4.5 

. . . . . .  
2 

2 

- 
Rs. 

13.50 
200.07 

1,784.50 
310.50 

2,308.57 

25 
25 

18 

TOTAL. 1 !z D. 1 Q r m m  

23 
1.5 

4.5 

2.5 
3 

25 
e5 

23 

Dernolitwns. 

... Arch ... 
Parapets ... ... ... 

Maonry . 
.... Raising abutments 

1,437-5 
225.0 

6.5 

. . . . . .  
2 

2 I 1,662 

1,345.5 
1,345 -- 

1,662 

1,345 



ABSTRAOT OF ESTIMATE No. 88. 

ESTIMATE NO. 89.ALTERATIONS AIMA BRIDGE. 

Cubic feet 

~ i n e L f e e t  

ABSTRACT OF ESTIMATE No. 89. 

1,662 
1,345 

25 

DESCBIPTION. GRAND / No. 1 L. 1 B. 1 D. / P u r m n  1 TOTAL. 1 TOTAL. 

ESTIMATE NO. 90.-ALTERATIONS UPPER RAILWAY BRIDGE. 

Demolition, at Re. 1 per 100 ... ... . . . . . . 
Kunkur masonry, at Rs. 19 per 100 . .. ... ... 
Girder Bridge, at Re. 75.98 per foot . .. . .. ... 
Towing-path . . . . . . . . . ... ... ... 

Madonty 

16-68 
256.55 

1,899.50 
368.50 

- 

2 

QUANTITY. 

ABSTRACT OF ESTIMATE No. 90. 

DESCRIPTION. 

Kunkur masonry, at Ra. 19 per I 00 . . . ... ... 
Towing-path . . . . . . . .. . . . ... ...... 

GRAND TOTAL 

Cubic feet 

DESCRIPTION. 1 No. 1 I. I B. / D. (QUANTITY. / TOTAL 1 TmAr. GBAND 

2.5 337 --- 15 

TOTAL. 

Rt?. 
64.03 

310.50 - 
374.53 

* 

337 

Ma8ony. 
Raising abutmenta 

4.5 

QUANTITY. DESCRIPTION. 1 TOTAL. 

337 -- 

2 

337 

33 4 2 

628 

528 

Ra. 
100.32 
426.50 
48-80 - 

571.62 

Cubic feet 

Square feet 

528 

66 

Kunkur masonry, at Rs. I 9  per 100 ... ... . . . 
Towing-~ath for 25 feet roadway ... . .. ... 
Add planking, 8 x 7, at Rs. 8 per foot . . . ... ... 

GRAND TOTAL 



ESTIMATE NO. 91.-ALTERATIONS, DUBOWLEE BRIDGE. 
- - 

Demo litiona. 

Arch ... ... 
Parapet ... ... 
Abutments ... ... 
Pillars ... ... 

Mason y. 

Filling passages ... 
Raising wing-walls 
,, Pillars ... 

Parapets ... ... 
Pillars ... ... 

GRAND No. 1 L. 1 B. 1 D. 1 QUANTITY. 1 T ~ A L  1 TmAr 

ABSTRACT O F  ESTIMATE No. 91. 
- 

I I 

ESTIMATE No. 92.-ALTERATIONS DUBOWLEE LOCKS. 

Cubic feet 
1,  

JJ 

-- -- 

ESTIMATE No. 93.-ALTERATIONS, DAKNAPOOR BRIDGE AND OTHERS. 

... Demolition, at Re. 1 per 100 ... ... ... 
... Kunkur masonry, a t  Rs. 19 per 100 .., ... 

... Arch-work, a t  Hs. 26 per h o t  ... ... ... 
3,152 
2,228 
1,344 

- - - 

QUANTITY. I -  DESCRIPTION. Corn. 

Demolitions. 

Flooring ... ... ... 
... ... Curtains ... 

Part of waterwings ... 

R< 
31-52 

423.3% 
349.44 

PideEstimat 

Nason y. 

Flooring ... ... ... 
Curtains ... ... ... 

. Underpinning abutments.. 
... J J  '' . . Underpinning waterwings.. 

e No. 149 

--- -- .- 

... Navigable Line ... ... ... ... ... 
GRAND TOTAL 

-- 
Rs. 

22,175.1 9 --- 
22,175.19 



ABSTRACT O F  ESTIMATE No. 93. 

ABSTRACT O F  ESTIMATE No. 94. 

Cubio feet 
3, 

Number 
Square feet 

- -- - - - - 

DESCRIPTION. GRAND ( No. 1 L. 1 B. 1 D. QUANTITY. 1 TOTAL. 

ESTIMATE NO. 94.-ALTERATIONS, GHATS AT CAWNPOOR. 

Demolitions, nt Re. 1 per 100 ... ... ... ... 
Kunkur masonry, a t  Rs. 19 per 100 ... ... ... 

Tow-path. 

Iron nprights, at Rs. 8 each ... ... ... ... 
Planking, at Rs. 8 per foot ... ... ... ... 

GRAND TOTAL 
-- 

720 
1,451 

4 
56 

Mason7y. 
... Underpinning Cihate 

ESTINATE NO. 95.-NO. 1 LOCK. 

Rs. 
7.20 

275.69 

32-00 
44.80 - 

359.69 

TOTAL 

Rs. 
1,056.4 

1,056.4 

QUANTITY. DESCRIPT~ON. 

ABSTRACT OF COST OF ESTIMATE No. 95. 

Cubic feet 

Q RAND D r x ~ ~ m o r  OF W o u  No. L. 1 B. 1 D. QUANTITY. TOTAL 1 TOTAL. 

2 
2 

2 
2 

I 

... 5,560 ... ... ... 
GRAND TOTAL 

- 

Demolitions. 
Upper flooring of lock 

Drop-wall ... 
Curtain ... 
Counter forte ... 

Maaonry. 

Curtain ... 
Flooring ... 

Brick-on-edge. 

2 
2 

- --A -- 

Q o m .  I DESCRIPTION OF WOBK. 

2,280 
3,280 -- 

285 
410 

. . . . . .  

. . . . . .  

. . . . . .  
2 

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

... 

Rs . 
19-99 

185.06 
88.00 

292.99 

Cubic feet. 1,993 
,I 9 7 4  
J, 352 

5,560 
- 

,- 

* 

... ... ... Demolitions, a t  Re. 1 per 100 ... 
... ... ... Kunkur maeonry, at Rq. 19 per 100 ... ... ... Brick-on-edge, a t  Rs. 25 per 100 

GBAND TOTAL 

5,560 

1,993 

9741 

552 

22 
32 
45 

7 

45 
. 2 2  

22 

32 
3 
2 
4 

3 
32 

32 

1.5 
3.5 
4.5 
3.5 

2 
1 

0.5 

1,036 
336 
405 
196 

270 
704 

352 -- 

1,993 

974 -- 
35 2 -- 



ESTIMATE 'NO. 98.-GENERAL GUNJ BRIDGE. 

GRAND 
D ~ a c l l n l o l  or i P o a r  1 No. 1 Ii. 1 B. 1 D. 1 QUANTITY. 1 Tour .  I 

ABSTRACT O F  COST O F  ESTIMATE No. 96. 

ESTIMIATE NO. 97.-LOCK No. 3. 

-. 

1,359 

1,570 

Demo Zition. 

Arch ... ... 
... Parapets ... ... 

Masonry. 

. Raising abutments.. ... 
,, wings ... ... ... Parapets .. ... 

-- 
1 

Q U A ~ I T ~ .  DESCRIPTION. COST. 

Zts . 
13.59 

260.30 
1,519.60 

76.80 

Cubic feet 

Lineal feet 

ABSTRACT O F  COST OF ESTIMATE No. 97. 

-- -- - -- 

GRAND Ducnlnror  or WORK. I No. 1 L. I3 1 D. Qur.mr. T o r r  1 

1,359 
1,370 

20 

- .  

J. CROETON, Cbptailc, R. E. . 

759 
600 -- 
400 
52 0 
450 -- 

1.5 
2.5 

2 
2 
2.5 

... Demolitions, a t  Re. 'l per I00 ... ... ... 
Kunkur masonry, at Rs. 19 per 100 ... ... ... 
Girder bridge, a t  Rs. 75.95 per foot ... ... ... 

... Tow-path ... . . . . . . .  ... ... ... 

Demolitions. 
... Arches ... ... 

Parapets ... ... ... 
... ... . . ,, 

Masonry. 
Abutments ... ... 
Centre walls ... 
Parapt t s  ... .. 

... ... 9 )  

... Arch-work ... ... 

1,359 -- 

1,370 -- 

23 
1.5 

4 
2-5 
1.5 

1 

2 
4 
... 

2 
. . . . . .  

4 
. . . . . .  

2 

QUANTITY. 

. . . . . .  
2 

2 
4 
4 

Cubic feet 
v 
u 

DESCRIPTION OF WORK. 1 Cow. 

22 
80 

25 
26 
30 

- 

1 
2 
2 

2 
2 
2 
2 

1 

16 
I d  
19.5 

20 
20 
18 
19.5 

16 

6+0 
216 
58.5 

--a 

360 
520 
21 6 

58.5 -- 
640 -- 

914 
1,154 

640 

Demolitions, a t  Re. 1 per 100 ... ... ... ... 
... Kunkur masonry, a t  Rs. 1 9  per 100 ... ... 

... Arch-work, at Rs. 26 per 100 ... ... ... 
GRAND TOTAL 

20 
1.5 
1.5 

4.5 
13  
1.5 
1.5 

20 

Rs. 
9-14 

21s-26 
166.40 

394.80 

914 
- 

1,154 --- 
640 -- 

- . - - . -. 

9 14 

1,154 

640 



G A N G E S  C A N A L .  

ALTERNATIVE ZINE. 

ABSTRACT OF COST O F  ESTIMATE NO. 98.-EXCAVATION, kc. 

ABSTRACT OF. COST OF ESTIMATE NO. 99.-REGULATOR AT ROORKEE. 
1 

QUANTITY. DESCRIPTION. 

Cubic feet 96,344 
J )  59,927 
19 81.958 
9 )  16,011 
II 7,587 
1, 7,680 
,J 8,100 
II 129,033 
11 1,800,000 

9,648 
~ i n d ' f e e t  1,008 

COSTS. 

Re. 

12,51,620.79 

4,28,201.81 
80,787.20 
21,793.64 

9,240.00 

17,540.88 
98,772.24 

4,3.7,872.42 
65,703.08 

2,871.00 

378,220.89 
2,756.16 

212,216.23 
1,285.68 -- 

30,03,883.02 

A 

Square feet 992.1 
Number 8 

11 8 
8 

~ i n e i '  feet 214 

DESCRIPTIO~. 

lat Section. 

Escavatlon canal channel, at Its. 2.75 per 1,000 ... 
Embankment Knlee Noddee, upper and lower cross- ... i n p ,  at Ks. 8 per 1,000 ... ... ... 

... Excavation on junction, a t  Rs. 2.5 per 1,000 
,, Kalee N uddee escape, at Rs. 2.5 per 1,000 

Extra excavatiun, widening a t  bridges, &c., at Rs. 2.5 
per 7,000 ... ... ... ... ... ... 

Rubble masonry wall in embankment, upper Kalee 
Nuddee cr~ssing, at Re. 14 per 100 ... ... 

... ... Ditto ditto ditto 
2nd Section. 

Excavation canal channel, nt Rs. 2.5 per 1,000 ... 
Escape into the Hindun Nuddee, at Rs. 2.5 per 1,000 

... Widening at bridges, falls, kc., at  Rs. 2.2 per 1,000 
3rd Section. 

Excavation canal channel, a t  Rs. 2.5 per 1,000 ... 
Widening a t  bridges, falls, &c., a t  Its. 2.2 per 1,000 

4th Section. 
... Excavation canal channel, a t  Rs. 2.5 per 1,000 
... Widening a t  bridges, falls, h., at RB. 2.2 per 1,000 

G u y ~  TOTAL 

QUANTITY. 

Square feet I 2,e:; I Number 

Cubic feet 
,, 
I) 

II 

1 9  

,, 

,J 

,, 
,, 
,J 

,, 
1, 

,I 
II 

Brick-work in lime cement, nt Rs. 20 per 100 
,, in superstructure, at Rs. 20 per 100 
91 II a t  Rs. 24 per 100 ... Arching, nt Rs. 28 per 100 ... ... 

...  invert,^, a t  Rs. 26 per 100 . . ... 
Boulder floorings (dry), a t  Ra. 7 per 100 ;.. 
Metalling roadway, a t  Hs. 6 per 100 ... 
Excavation foundations, at Rs. 3.25 per 1,000 

,, drainage cut, a t  Rs. 2.2 per 1,000 
Stone flooring, a t  Rs. 2 per foot ... 
Stone grooves, at Ha. 1 per foot ... 

455,131,834 
53,529,227 

32,314,880 
8,717,457 
4,200,000 

125,292 

705,516 

173,548,968 
25,881,2:32 

1,305,000 

151,288,356 
3,252,800 

84,886,493 
584,400 

Jock dpparutua. 

... ... Lock gates, at Rs. 6.5 per foot ... 
Sluices in gates, at Rs. I25 each ... ... ... 

... Pulleys, &c., a t  Rs. 5 each ... ... 
Crabs, a t  Ra. 135 each ... ... ... ... 
Chains, a t  He. I per foot ... ... ... 

Regulating Bridge Apparalus. 

... Gates, at Re. 1.25 per foot ... ... ... 
Axle blocks, at Rs. 5 each ... ... ... ... 
Windlasses, a t  Rs. 22 each ... ... ... ... 

... ... Chains, at Re. 0.9 per foot ... ... 



9 6  1 .  
ABSTRACT OF COST OF ESTIMATE NO. 100.-JUNCTION REGULATOR. 

ABSTRACT O F  COST OF ESTIMATE NO. 101.-FALLS 6: 11 BAYS OF 15', 
ROADWAY 18'. 

Cubic feet 

QULXTITY. 

9, 

Lineal feet 

DESCRIPTION. 1 C o c  

Cubic feet 
J ,  

,Y 

J J 

11 

,J 

J, 

JJ 

J, 

J Y  

9, 

Lineal feet 
Cubic feet 

J, 

J ,  

9, 

Square feet 
Number 

,a 

9, 

Lineal feet 
Number 

¶ ?  

Square feet 
Lineal feet 

J #  

. 

,J 

Square Feet 
Number 

... Brick-work in foundations, at Rs. 20 per 100 
,, ... in superstructure, at Re. 30 per 100 

... JI Y J  a t  Re. 21 per 100 

... Kunkur masonry ,, at Rs. 17 per 100 

... JY J J  a t  Rs. 20 per 100 
... ... ... Arch-work, light, a t  Rs. 28 per 100 
... ... ... heavy, at Ets. 32 per 100 

... ... ,, inverts, at Rs. 26 per 100 ... ... Brick-on-edge, at Rs.'25 per 100 .. 
... ... ... Stone capping, at Rs. 2 per foot 

... ... ... Concrete, a t  Rs. 14 per 100 . . 
... .Stone grooving, a t  Re. 1 per foot ... ... ... Kunkur flooring (dry), at Rs. 8 per 100 ... 

... ... ... Metalling, a t  Rs. 6 per 100 ... 

... ... Puddle, st Rs. 10 per 1,000 ... ... 
... ... Earth-work, n t  Rs. 3.25 per 1,000 ... ... Lock-gates, at Rs. 6.5 per foot ... . 

Sluices, at Rs. 125 each ... ... ... ... 
... Pulleys, at Rs. 5 each ... ... ... 
... ... Crabs, a t  Rs. 135 each ... ... 
... Chain, a t  Re. 1 per foot ... ... ... 

Sleepers, a t  Rs. 5.55 each ... ... ... ... 
... ... Hooks, at Rs. 7 each ... ... 

. Grating, at Rs. 1 1.5 per foot.. ... ... ... 
Girders, at Rs. 4.25 per foot ... ... ... ... 

... ... Wall plates, a t  Rs. 6.25 per foot ... 
GRAND TOTAL 

-- 

98,972 
32,515 
62,436 
26,257 
31,218 

635 
21,042 
2,760 

16,402 
1,027 

48,825 
456 

8,550 
7,920 

21,373 
180,797 

443.8 
4 
4 
4 

106 
144 

4 
5,415 

684 
190 

,, 
,9 

Lineal feet 
Number 

Re. 
19,794.40 
6,503.00 

14,984.61 
2,763.69 
6,243-60 

191.HO 
6,733.41 

717.60 
4,12340 
2,054.00 
6,835.50 

456.00 
684.00 
475.20 
215.73 
587.59 

2,884.70 
500.00 
20.00 

640.00 
106.00 
799.20 
28.00 

6,227.25 
2,907.00 

187.50 - 
88,560.84 

39 

Square feet 
Lineal feet 

... Brick-work in foundations, a t  &. 20 per 100 
,, in superstructure, at Hs. 20 per 100 ... 
~9 I ,  at Ks. 24 per 100 ... 

Arch-work, heavy, at Rs. 33 per 100 ... ... 
... ... ... I ,  light, at Rs. 28 per 100 

... Tnverts, at Rs. 26 per 100 ... ... ... 
... Brick-on-edge, at Rs. 25 per 100 ... ... 

... Stone capping, at Rs. 2 per foot ... ... 
... Concrete, a t  Rs. 14  per 100 ... ... ... 

Stone grooving, at Re. 1 per foot ... ... ... 
Kunkur flooring (dry), at Rs. 8 per foot ... ... 

... Puddle, at Rs. 10 per 1,000 ... ... ... 
Earth-work, nt Ks. 3.25 per 1000 ... ... ... 

... Metalling, at Ks. 6 per 100 ... ... ... 
... Lock Gates, a t  Re. 6.5 per foot 

... Sluices, at Rs. 125 each ... :::]$a 
Pulleys, at Rs. 5 each ... ... ... 3 E 
Crabs, at Ra. 135 each ... ... ... 3 k 
Chain, at Re. 1 per foot ... ... ... 

... Sleepers 15' x 5' x -5, at Rs. 11.625 &ch 
Hooks for lifting sleepers, a t  Rs. 7 each 
Grating, at Re. 1-15 per foot ... 
Girders, at &. 4-25 per foot ... ... ,.. 
Wall-plates, a t  6.25 per foot ... ... ... 

Rs. 
20,199.80 
10,038.60 
20,629.92 
4,394-88 

180-60 
3,105.96 
3,658.00 
1,598-00 
6,586.00 

264-00 
608.00 
239.03 
498.86 
324.00 

6,449.04 
1,000~00 

40.00 
1,080.00 

220.00 
697.50 

14-00 
6,607-87 
2,384.26 
1,031-25 



ABSTRACT OF COST O F  ESTIMATE NO. 101.-GRATING O F  FALLS ON 
lrn SECTION. 

Qumm. 

ABSTRACT OF COST OF ESTIMATE No. ~O~.-FBLLS 6: 11 BAYS O F  15', 
ROADWAY 20'. 

Rs. 

Number 

- 

D~sm~moa. 1 Corn. 

QUANTITY. 

Cubic feet 
,, 
J J  

JJ 

JJ 

JJ 

2 )  

,J 

,, 
Lineal feet 
Cubic feet 

JJ 

31 

- -6 

ABSTRACT OF COST O F  ESTIMATE NO. 103.-FALL 6: 6 BAYS OF 14' 
(ON JUNCTION). 

22 

37 x 30= 

Gratings for falls.-Bay 15 feet wide ; depth of water 
1.0 feet ; Kuwies 0.2 apart (average) 

Sal knrries 30'x -5 x .5, a t  Rs. 22.5 each ... 
Horizont.al area of grating; 28.5 x 15=4 27.5 or 1.5 

per soperficial foot of grating. 
1,110 lineal feet iron bars .15 apart (average) -875 

lineal feet=Rs. 2.27 per superficial foot, horizontal ... 

DESCEIPTION. I COST. 

b. 

495.00 

971.25 

6 

101,407 
50,193 

88.429 
15,042 

645 
12,558 
14,632 

799 
39,900 

264 
7,600 

6,075 
23,903 

153.406 

... Brick-work in foundations, a t  Rs. 20 per 100 
,, ,, superstructure, at Rs. 20 per 100 ... 

... 9 9, ,J atRs.24perlOO 
Arch-work, heavy, at Rs. 32 per 100 ... ,.. 

... ,, light, a t  Rs. 28 per LOO ... 
... ... ... ... Inverts, a t  Rs. 26 per I00 

Brick-on-edge, as Estimate No. 101, a t  Re. 25 per I00 
Stone capping, as EstimateNo. 101, a t  Rs. 2 per foot 
ConcreteJasEstimateNo.101,atRs.14per100 ... 
Stone grooving, as Estimate No. 101, a t  Re. 1 per foot 
Kunkur flooring, dry, sa Estimate No. 101, nt Ks. 8 

... per100 ... ... ... ... ... 
... ... ... ... Metalling, a t  Rs 6 per 100 

... Puddle, as Estimate No. 101, a t  Rs. 10 per 1,000 
Earth-work, as Estimate No. 101, at Rs. 3.25 per 1,000 
Lock apparatus, ... ... gratings, Dc. } as per Estimate No. 101 ... 

Q U A N T ~ .  DESCBIPTI~N. 

Cubic feet 
JJ 

,I 

J J  

JJ 

8 )  

J J  

,J 

,# 

2) 

SJ 

... Kunkur masonry in foundations, at Rs. 17 per 200 
. 9) ,, superstructure, at Ra. 17 per 200.. 

... ... J, ,, a t  Rs. 20 per 100 

... ... ... Brick-work, a t  Rs. 20 per 100 

... ... ... ,, at Rs. 24 per 100 

... ... Arch-work, heavy, at Rs. 38 per 100 

... ... #I light, a t  Rs. 28 per 100 

... ... ,, inverts, a t  Rs. 26 per 100 

... ... ... Brick-on-edge, a t  Rs. 25 per 100 
... ... ... Stone capping, a t  Rs. 2 per foot 

... ... ... ... Concrete, at Rs. 14 per I G O  

Carried over ... 

86,380 
6,555 

19,617 
13,112 

39,336 
5,616 

387 
5,520 

10,794 
406 

20,265 

Rs. 
14,684.60 
1,114-35 
3,93340 
2,622.40 
9,440.64 
1,797.12 

108.36 
1,435-20 
2,698.5 

812.00 
2,837.10 - 

41,483.67 



( 98 1 
ABSTRACT O F  COST OF ESTIMATE No. 103,--continued. 

ABSTRACT OF COST O F  ESTIMATE NO. 104.-FALL, ESCAPE, AXD DAM 
BRIDGE AT THE 51m MILE. 

COST. 

Rs. 

41,483.67 

108.00 
308.80 
384.00 
166-1 0 
41 1.47 

4,960.80 
1,000.00 

40.00 
1,080.00 

220.00 
304.50 

14.00 
1,883-70 

864.00 
546.00 

53,715-04 

DESCEIITION. 

... Brought forward 

Stone grooving, at Re. 1 per foot . ... ... 
Kunkur flooring, dry, at 11s. 8 per 100 .. ... 

... ... ... Metalling, a t  Rs. 6 per 100 ... 
... ... Paddle, at Rs. 10 per 1,000 ... ... 

Earth-work, at Rs. 3'25 per '1,000 ... ... ... 
Wall gates, at Rs. 6.5 per ho t  ... ... ... 
 sluice^, a t  Hs. 125 each ... ... ... ... 

. ... ...  pulley^, at  RR. 5 each.. . . , ... 
... ... ... Crabs, a t  Rs. 135 each ... 

Chais, at Ite. 1 per foot ... ... ... ... 
Sleepers, at Rs. 10.875 each ... ... ... ... 

... ... Hooks, at Rs. 7 each ... ... 
Grating, at Re. 1.15 per foot ... ... ... ... 
Girders, at Rs. 45 per foot ... ... ... ... 

... Wall-plates, a t  Rs. 6.5 per foot ... ... 

GRAND TOTAL 

QUANTITY. 

Lineal feet 
Cubic feet 

Y, 

J )  

,, 
Sqnnre feet 

Number 
$ 9  

8, 

Lineal feet 
Number 

P J  

Sqnare feet 
Lineal feet 

)J 

- 

QUAN~TY. 

108 
3,860 
5,400 

16,610 
126,607 

763:2 
8 
8 
8 

220 
28 

2 
1,638 

192 
84 

DESCRIPTIOX. 

Brick-work in foundation, at Rs. 20 per 100 ... 
,, ... Y J  superstructure, a t  Rs. 20 per 100 

... , I  )) ,) at Rs. 24 per 100 
... ... ... Arch-work, large, a t  Rs. 32 per 100 
... ... ... I)  small, at  Rs. 28 per 100 

... ... ,, inverts, a t  Rs. 26 per 100 
... Brick-on-edge, a t  Rs. 25 per 100 ... ... ... ... Stone capping, a t  Ks. 2 per foot 
... ... Concrete flooring, at Rs. 14 per 100 ... 

Stone grooves, at Re. 1 per foot ... ... ... 
Kunkur (dry), at Ks. 8 per 100 ... ... ... ... ... ... ... Metalling, at Rs. 6 per 100 

... ... ... Puddle, at Rs. 10 per 1 000 ... 
Earth-work, at Rs. 3.25 per 1,000 ... ... ... 
Iron grooves, a t  Rs. 5 per foot ... ... ... 
Lock gear, as Estimate NO. 101 ... ... ... 
Gratings, &c., ,, 9, ... ... 
Regulating gates, wooden, at Rs. 1.25 per foii  ... 
Axle blocks, small, a t  Rs. 5 each ... ... ... 

Cubic feet 
)) 

,, 
J ,  

J J  

,J 

,J 

)) 

,J 

Lineal feet 
Cubic feet 

,, 
,# 

,, 
Lineal feet 

Square feet 
Number 

Corn. 

Rs. 

34,496.00 
8,700-20 

28,202.64 
4,164.48 

892.36 
I ,4Y 5.20 
8,O 14.75 
1,598-00 
5,586.00 
1,272.00 
1,900.80 

468.00 
254.63 
545.39 
470.00 

8,789.04 
9,534.87 
3,323.20 

210.00 

172,480 
43,501 

117,511 
1 3  

3,187 
5,520 

32,059 
799 

39,900 
1,272 

23,760 
7,800 

2.5,463 
260,120 

94 

2,655.6 
42 

48.00 
766.00 
924.00 
132.00 

2,033.00 
132.00 

124,182.56 

~ i ~ e i l  feet 
, Number 

9,  

Square feet 
Lineal feet 

- 

,, ... 4 1 large, a t  Rs. 12 each ... ... 
840 Lifting chains, small, a t  Rs. 0.9 per foot ... ... 

... ... ... 42 Windlasses, small, a t  Rs. 22 each 
,, ... ... ... 2 large, at Rs. 66 each 

406.6 Regulating gates, large, at Rs. 5 each ... ... 
132 Lifting chains large, a t  Re. 1 per foot ... ... 

G u m  TOTAL 



ABSTRACT OF COST OF ESTIMATE NO. 104&.--FALL ON ESCAPE INTO WEST 
KALLEE NITDDEE. 

ABSTRACT OF COST O F  ESTIMATE NO. 105.-AQUEDUCT QN THE KALLEE 
NUDDEE, UPPER CROSSING. 

. 

ABSTRACT OF COST OF ESTIMATE NO. 106.-AQUEDUCT OVER KALLEE 
NUDDEE, LOWER CROSSING. 

QUAXTXTY. D ~ s c r u m o ~ .  COST. 

QUANT~TY. 

Hs. 
227.50 

18,031.80 
1,470-00 
3,750.00 
2,239.44 

10,564.60 
1,263.60 

300.73 
1,081.25 

131.00 
138.76 

1,260~00 
1,OOO.OO 

iSO.00 
697.50 

2,949.75 
1,300.50 

562.50 
14.00 - 

47,453-93 

Cubic feet 

~ineai) feet 
, , 

Cubic feet 
JJ 

JI 

JJ 

YY 

Lineal feet 
Cubic feet 
Number 

JI 

YY 

JJ 

Square feet 
Lineal feet 

J, 

Number 

# 

DESCRIPTION. 

Cubic feet 
J) 

JJ 

Ys 

J, 

I 

Brick-work in foundations, at Rs. 20 per 100 ... 
JJ ,, superstructure, at Rs. 20 per 100 ... 
1, 3, PJ a t  Rs. 24 per 100 ... 

Knnkur masonry ,, at Rs. 17 per 100 ... 
,, JJ ,J a t  Rs. 20 per 100 . .. 

Carried over ... 

117,694 
859,771 
1 78,058 
179,885 
89,028 

P 

I 

Rs. 
25,538.80 
71,954.20 
43,733.92 
30,580-45 
17,80560 -- 

186,612.97 

70,000 
90,159 

210 
750 

18,662 
62,775 

5,265 
1,074 
4,325 

132 
13,876 

14 
15 

160 
60 

2,565 
306 

90 
2 

i 

Excavation in foundations, at RE. 3.25 per 1,000 ... 
Brick-work in foundations, a t  Hs. 20 per 100 ... 
Sinking large wells, a t  Rs. 7 per foot ... 

,, small ,, a t  Rq 5 per foot ... 
Filling in welh, at RR. I2 per 1,000 ... . . . 
Brick-work in superstructure, at Rs. 20 per 100 ... 

JI 9) JP at Its. 24 per 100 ... 
Arch-work, light, at Rs. 28 per 100 ... ... 
Brick-on-edge, a t  Ks. 25 per I00 ... . . . 
Stone grooving, at Re. 1 per foot . . . . . . 
Puddle, a t  Rs. 10 per 1,000 . . . . . . 
Curbs, large, a t  RE. 90 each ... ... 
,, small, a t  Ra. 20 each ... . . . 

Piles, at Rs. 3 each . . . . . . 
Sleepers, at Rs. 11.625 each' ... ... 
Grating, a t  Re. 1.15 per foot ... ... 
Girders, a t  Rs. 4.25 per foot ... ... 
Wall-plates, a t  Rs. 6.25 per foot ... . . . ... Hooks, a t  RE. 7 each . .. ... 

GRAND TOTAL 



( 100 ') 

ABSTRACT OF COST O F  ESTIMATE NO. 106,-continued. 

ABSTRACT OP COST O F  ESTIMATE NO. 107.-BRIDGE 44 ARCHES O F  61' 
SPAN, 18' ROADWAY. 

Cubic feet 

- 
QUANTITY. 

Brick-work in foundations, a t  RB. 20 per 100 
,, in superstructure, at Rs. 20 per 100 
9 ,  ditto, at Rs. 24 per 100 ... 

Arch-work, large, at Rs. 32 per 100 ... 
ditto inverts, a t  Rs. 26 per 100 ... ... 
Metalling, at Hs. 6 per 100.. . . . ... 
Earth-work, at Rs. 3.26 1,000 ... ... 

Cubic feet 
)I 

n 

H 

H 

I t  

Lineal feet 

~ o b i l f a e t  

C 

DESCBIPTIOX. 1 C o n  

ABSTRACT O F  COST O F  ESTIMATE NO. 108.-BRIDGE, 4 ARCHES O F  
61' SPAN, 20' ROADWAY. 

4,398 
181,472 
23,725 

126,1300 
7,"0 

148,575 
360 
960 

64,209 

Brought forward ... 
Arch-work, light, at Re. 28 per 100 . .. . . . 

,, heavy,atRa.SZper100 ... ... 
Brick-on-edge, at R8. 25 per 100 ... ... 
Kunkur flooring, dry, a t  Re. 8 per 100. . ... 
Pitching of slopes, a t  Rs. 10 per 100 . .. ... 
Puddle, a t  h. 10 per 1,000 ... .,. 
Sinking wells, large, at Rs. 7 per foot ... ... 

small, at  Rs. 5 per foot ... ... 
~ i l l i n ~ ~ w e l l s , a t B s . l 2 p e r l O U  ... ... 

I I G u m  TOTAL 

Cubic feet 
JJ 

JJ 

JJ 

JJ 

JJ 

J> 

Ra. 

186,612.97 

1,231.PPI 
68,071-04 
6,43 1-26 

10,144.00 
720.00 

1,485-75 
2,520.00 
4,800.00 
6,606-80 

278,521-53. 

? 

Brick-work in foundatione, at Rs. 20 per 100 . . . 
J S  superstructure, at Rs. 20 per 100 ... 
J, JJ at  Rs. 24 per 100 ... 

Arch-work, large, at Rs. 32 per 100 ... ... 
,, inverta, at Rs. 26 per 100 ... ... 

Metalling, at Rs. 6 per 100 ... . . . 
Earth-work, at Rs. 3.25 per 100 ... . . . 



&W'RACT OF COST OF ESTIMATE NO. 109.-BRIDGE, 4 ARCHES OF 61' 
SPAN, ROADWAY 25'. 

Cirbic feet Brick-work in fonndations, a t  Ra. 20 per 100 ... 
)I superstructure, at Rs. 20 per 100 ... 
2, ,) a t  Rs. 24 per 100 ... 

Arch-work, large, a t  Rs. 3% per 100 ... ... 
,, inverts, a t  Re. 2G per 100 ... 

Metalling, a t  fi. 6 per 100 . . ... 
Earth-work, a t  Bs. 5.25 per 1,000 ... . . . 

ABSTRACT OF COST OF ESTIMATE NO. 110.-BRIDGE ON JUNCTION, 
3' ARCHES O F  40' SPAN, ROADWAY 18'. 

ABSTRACT OF COST OJ? ESTIMATE No. 111.-CULVERT UNDER CEIANNEL; 
Z ARCHES 20'. 

QUAWITIT. I DESCBIPTION. 1 Corn. 

Cubic feet 
I )  

31 

1, 

$9 

I )  

91 

IJ 

$9 

0 

14,594 
5,QZll 
3,977 

10,450 
7,955 
9,072 
2,520 
3,480 

14,394 

Knnkur masonry in foundations, at Rs. 17 per 100 .. 
JP in auperetructure, a t  Ra 17 per 100 .. 
,, ,, a t  Rs. 20 per 100 ... ... 

Brick-work in superstructure, a t  Ra. 20 per 100 ... 
,, ,, a tRs .24pe r100  ... ... 

Arch-work, heavy, at RR. 32 per 100 ... ... 
Brick-on-edge, at Rs. 26 per 100 ... . . . 
Metalling, a t  Rs. 6 per 100 ... ... 
Earth-work, a t  Rs. 8-25 per 1,000 ... ... 

GRAND TOTAL 

Q u l ~ u ~ m .  

Rs. 

2,446-98 - 
888.08 
795.40' 

2,09040 
1,909-ft0 
2,903-04 

630.00 
, 208.SO - 

46.78 

--- 
11,918-28 

Cubic feet. 
3) 

J, 

33 

$8 

32 . ,, 

DIC~CBIPTION. 1 COST. 

39,504 
86,106 
24,048 
21,042 
2,880 
5,460 

61,104 

Masonry in fonndatione, a t  Re. 17 per 100 ... 
Superstructure, a t  Rs. 17 per 100 ... ... 
Arch-work, light, a t  Rs. 28 per 100 ... ... 

,, inverts, at Rs. 26 per 100 ... ... 
Knnker flooring, dry, at Rs. 8 per 100 ... . . . 
Puddle, a t  RE. 10 per 1,000 ... ... 
Excavation, at Bs. 8-25 per 1,000 ... . . . 

GRAND TOTAL 

Ra. 

6,715.68 
14,638.02 
6,733.44 
5,470.92 

230.40 
54-60 

198.58 

-- 
34,041.64 - 



( 10s ) 

ABSTRACT OF COST OF ESTIMATE NO. 112.-CULVERT UNDER CHANNEL, 
1 ARCH OF 18'. 

ABSTRACT OF COST O F  ESTIMATE NO. 113.-INLET FOR DRAINAGES, 
SECTION No. 1. 

& u A ~ .  

ABSTRACT O F  COST O F  ESTIMATE NO. 114.-RAJBUHA OUTLET 6' WIDE, 
SECTION No. 1. 

Cubic feet. 
,J 

JJ 

)I 

JJ 

JJ 

- 

D~scn~mos .  1 &m. 

10,806 
43,455 
4,128 
3,612 

960 
1,470 

14,356 

Masonry in  fonndations, at Rs. 1 7 per 100 ... 
... in superstructare, at Rs. 17 per 100 

... ... ... ~rcc-work,  at Rs. 28 per 100 
... ... ... ... Invert, at  Hs. 26 per 100 

... ... Kunliur flooring, dry, at Rs. 8 per 100 
... ... ... Puddle, at Rs. 10 per 1,000 ... ... ... Excavation, a t  Rs. 3.25 per 1,000 

QUANTITY. 

ABSTRACT O F  COST O F  ESTIMATE No. 115.-.3a~ CLASS CHOWKZES. 

He. 
1,852.33 
7,387.35 
1,155.84 

939.12 
76.SO 
14.70 
46.59 

DESCBIPTION. 

Cnbio feet 
,, 
JJ 

,J 

\ 

Cubic feet 186 Masonry in fo undations, a t  Rs. 17 per 100 ... 
,, ... ,J 1,276 superstructure, at Rs. 19 per 100 ... 33 ... 188 Arch-work, light, at Hs. 28 per 100 

... ... 19 96 Brick-on-edge, a t  Rs. 25 per 100 
J, ... 186 Excavation, a t  RB. 8 per 1,000 ... 

Number 1 Door, a t  Rs. 25 ... ... ... 

ta 

Masonry in foundations, a t  Rs. I7  per 100 ... 
,, ... in superstructure, at Rs. 17 per 100 

... ... Arch-work, light, nt Ks. 28 per 100 

... ... Kunlrur flooring, dry, a t  RE. 8 per 100 

GRAND TOTAL 

3,822 
6,390 

253 
280 

> 

~ u ~ Y ~ Y .  

Rs. 
649.74 

1,086-30 
7 0.84 
17.60. - 

1,828.48 

i t 

. 
DESC~IPTION. 1 Corn. 

Cubic feet 
JI 

J, 

9 )  

Number 
)) 

Lineal feet 
9,  

Cubic feet 

- 

Masonry in foundations, a t  Rs. 17 per 100 ... ... ,, in superstructure, at Its. 17 per 100 
... ... Arch-work, at Rs. 28 per 1,000 

... ... ... Puddle, at Rs. 10 per 100 
Windlasses, a t  Rs. 20 ench ... ... ... Sluice gate 6.5 x 8, a t  Rs. 60 per 100 ... 
Chain, a t  Rs. 9 per foot ... ... ... ... Stone grooves, at Re. 1 per foot ... 
Excavation, a t  Rs. 3.25 per 1,000 ... ... 

G B ~  TOTAL 

2,816 
4-,325 

196 
2,658 

1 
1 

18 
20 

2,816 

Hs. 
478.73 
735.25 
54.88 
26-58 
20.00 
60.00 . 
16.20 
20.00 - 
9.15 - 

1,410.78 

L 



ABSTRACT O F  COST O F  ESTIMATE NO. 116.-6' FALLS, 7 BAYS O F  15: 
ROADWAY 18'. 

ABSTRACT O F  COST OF ESTIMATE No. 117.-FALL REGULATOR AND 
ESCAPE AT BOOLUNDSHUHUR BRANCH HEAD. 

QUANTITY. 

Cubic feet 63,949 Masonry in foundation, at Rs. 17 per 100 ... 
,J 51,611? ,, superstructure, at Rs. 17 per 100 . . . 
m 41,117 9,  a t  Rs. 20 per 100 . .. 
1) 4,529 ~ri&-work, a t  Rs. 24 per 100 . . ... 
,, 1,236 Arch work, light, a t  RE. 28 per 100 . .. . . . 
1)  7,875 ,, heavy, a t  Ra. 32 per 100 ... ... 
8 ,  17,246 Brick-on-edge, a t  Rs. 25 per 100 ... ... 
VJ 506 Stone capping, a t  Rs. 2 per foot ... . . . 
y9  25.200 Concrete, at Rs. 14 per 200 . .. ... 

Lineal feet 740 Stone grooves, a t  Re. 1 per foot . . . ... 
Cubic feet 14,800 Kunkur flooring, d y, at Rs. 8 per 100 ... . . . 

,, 7,313 Metalling, a t  Rs. 6 per 100 ... ... . . . 
)# 3,780 Pitching, at Rs. 10 per 100 ... . . . ... 
9,  9,687 Puddle, a t  RE. 10 per 1,000 ... ... ... 

87,413 Excavation, a t  RE. 3.25 per 100 ,t . .. ... 
Grating, as per Estimate No. 116 ... ... 

Square feet 1,519 Gates, at Rs. 1-25 per foot ... ... . . . 
IJ 33 Axle blocks, small, a t  Ra. 5 each .. . . . 
,I 30 Windlasses, a t  Rs. 22 each . . . . . . 

Lineal feet 510 Feet of chain, a t  Rs. 0.9 per foot . . . . . - 
GRAND TOTAL 

DEBCRIP~ON. 

Cubic feet 
,S 

J, 

JJ 

JS 

aJ 

3, 

,S 

91 

8 ,  

S, 

~ i n z  feet 
Cubic feet 

,, 
,, 
39 

Number 
Square feet 
Lineal feet 

~ n g b e r  

P 

11,482 
22,961 

8,000 
16,000 
9,762 

19,525 
336 

8,190 
3,780 
7,759 

551 
25,200 

140 
5,920 
3,480 
9,687 

80,212 
60 

2,362-5 
238 
105 

2 

Kunkur masonry in foundations, a t  Rs. 17 per 100 . . . 
Brick-work J P  a t  Rs. 20 per 100.. . 
Kunkur masonry in superstructure, at Rs. 17 per 100 
Brick-work ,, a t  Rs. 20 per 100 ... 
Kunkur masonry ,, a tRa .20per100 ... 
Brick-work ,, a t  Rs. 24 per 100 ... 
Arch-work, light, a t  Rs. 28 per 100 . . . ... 

,, heavy, a t  R.8. 32 per 100 ... . . 
,, inverts, a t  Rs. 26 per 100 ... ... 

Brick-on-edge, a t  Rs. 25 per 100 ... . . . 
Stone capping, a t  Rs. 2 per foot ... ... 
Concrete, at Rs. 14 per 100 . . . ... 
Stone grooves, a t  Rs. 1 per foot ... . . . 
Kunkur flooring, dry, at Rs. 8 per 100 .. . . . . 
Metalling, a t  Rs. 6 per 100 . . . ... 
Puddle, a t  Ra. 10 per 1,000 . . . . . 
Excavation, at Rs. 3.25 per 100 ... ... 
Sleepers, at Rs. 11.625 each . . . ... 
Grating, at Ra. 1.15 per foot . . ... 
Girders, a t  Rs. 4.25 per foot ... . . . 
Wall-plates, at Rs. 6.25 per foot ... ... 
Hooks, a t  Ba. 7 each ... ... . . . 

GRAND TOTAL 

R.8. 

1,951.94 
4,532.80 
1,360.00 
3,200.00 
1,952.40 
4,686-00 

94.08 
2,620.80 

982.80 
1,947.25 
1,102.00 
3,528.00 

140.00 
473.60 
208.80 

96.87 
260.69 
697.50 

2,7 16.87 
1,011.50 

655.75 
14.00 -- 

34,293.65 



ABSTRACT OF COST O F  ESTIMATE No. 118.-BRIDGE, 3 ARCHES OP 40', 
ROADWAY 25'. 

ABSTRACT OF COST OF ESTIMATE No. 119. 

-- . -- 

QUANTITY. 

ABSTRACT OF COST O F  ESTI'MATE NO. 120.-BRIDGES, S ARCHES O F  401, 
ROADWAY 18'. 

- 

DESCBIPTION. 

Cubic feet 
) J 

)I 

)) 

,J 

9 ,  

$8 

9 )  

, I  

Kunkur masonry in foundation, at Rs. 17 per 100 ... 
), ,, superstructure, a t  Rs. 17 per 100 
11 9 )  ,, at Rs. 20 per 100 

Brick-wsrk in superstructure, at Rs. 20 per 100 ... 
9 )  , I  9 ,  a t  Rs. 24 per 100 .. . 

Arch-work, heavy, at Rs. 32 per 100 ... . . . 
,, inverts, a t  Rs. 26 per 100 ... . . . 

Metalling, a t  Rs. 6 per 100 . . . . . . 
Earth-work, a t  Rs. 3.25 per 1,000 . . . ... 

G m  TOTAL 
-- 

13,288 
4,831 
5,321 
9,661 

10,641 
.10,920 

5,04.0 
5,003 

13,288 

QUANTITY. 

Rs. 

2,258.96 
821.27 

1,064.20 
1,g38.?0 
2,553-84 
3,494.40 
1,310.40 

300.1 8 
43.18 

--- 
13,778.63 

Cubic feet 
,, 
) )  

,J 

9,  

) 9 

), 
); 

;) 

D ~ s c a m ~ o w .  

, 11,998 
4,331 
4,697 
8,661 
9,396 
8,970 
4,140 
3,915 

11,998 

Kunkur masonry in foundations, at Rs. 17 per 100 . . . 
)) ,, in superstructure, at Rs. 17 per 100 
)) ) I  ,; at Rs. 20 per 100 

Brick-work ,, 2) at Rs. 20 per 100 
)t )J  3) a t  Rs. 24 per 100 

Arch-work, heavy, a t  Rs. 32 per 100 ... ... 
,, inverts, a t  Rs. 26 per 100 ... . . . 

Metalling, a t  Rs. 6 per 100 . . . ... 
Earth-work, at Rs. 3.25 per 1,000 ... . . . 

GRAND TOTAL 

QUANTITY. 

Rs. 

2,039.66 
736.27 
939.40 

1,732.20 
2,255.04 
2,870.40 
4,076.40 

2,34.90 
38.99 

-- 
11,923.26 

Cqbic feet 
, J 

)J 

81 

9 ;  

,Y 

$ 9  

S J  

), 

7 

DESCRIPTION. 

I Rs. 

11,482 
4,131 
4,448 
8,261 
8,898 
8,190 
3,780 
3,480 

11,482 

Kunkur masonry in foundations, at Rs. 17 per 100 . .. 
,, ,, in superstructure, at Rs. 17 per 100 . . . 
,, 99 ditto, a t  Rs. 20 per 100 ... 

Brick-work ,, in ditto, a t  Rs. 20 per 100 .. . 
3, ' ,, ditto, a t  Re. 24 per 100 ... 

Arch-work, he avy, at Rs. 32 per 100 ... ... 
,, inverts, a t  Rs. 26 per 100 ... .. . 

Metalling, a t  Rs. 6 per 100 ... ... ... 
Earth-work, at Rs. 3.25 per 1,000 ... ... 

GRAND TOTAL 

1,951 -94 
702.27 
889.60 

1,652.20 
2,135'52 
2,620.80 

982.80 
208.80 
37.31 -- 

11,181.24 
I 

I 



ABSTRACT O F  COST O F  ESTIMATE NO. 121.--SYPHON FOR DRAINAGE, 
2 ARCHES O F  10'. 

Cubic feet Masonry in foundations, a t  Rs. 17 per 100 . .. 
,, in superstructure, a t  Rs. 17 per 100 . . . 

Arch-work, light, at Rs. 28 per I00 . . . ... 
J, inverts, at Rs. 26 per 100 ... . . . 

Kunkur flooring, dry, at Rs. 8 per 100 . . . . . . 
Puddle, a t  Rs. 10 per 1,000 . . . . . . . . . 
Excavation, a t  Rs. 3-25 per 1,000 . . . ... 

I Rs. 

ABSTRACT OF COST O F  ESTIMATE NO. 122.--CULVERT, 1 ARCH OF 15'. 

Cabic feet.. 
,, 
JY 

3, 

9 ,  

2, 

JJ 

,Masonry in foundations, a t  Rs. 17 per 100 ... 
,, ,, superstructure, a t  Rs. 17 per 100 . . . 

Arch-work, light, a t  Rs. 28 per 100 ... . . . 
,, inverts, a t  Rs. 26 per 100 ... . .. 

Kunkur flooring, dry, at RE. 8 per 100 . . . ... 
Puddle, at Rs. 10 per 1,000 . . . . . . ... 
Excavation, a t  Rs. 3.25 per 1,000 . . . ... 

Rs. 

ABSTRACT OF COST OF ESTIMATE No. 123.-BRIDGE ON ESCAPE, 2 ARCHES 
O F  30', ROADWAY 25'. SPAN. 

QUANTITY. DESCBIPTION. 

Cubic feet.. 
,S 

J; 

Y, 

3, 

3 ,  

9, 

Kunkur masonry in foundations, a t  Rs. 17 per 100 .. . 
,, ,, in superstructure, a t  Rs. 1 7  per 100 ... 

a t  Rs. 20 per 100.. . 
~ r c ~ w o r l c ,  Leav, a t  Rs. ~ 2 " ~ e r  100 . . . .. . 
Travests, at Rs. 26 per 100 ... . . . ... 
Metalling, a t  Rs. 6 per 100 . . . ... ... 
Earth-work, a t  Rs. 3-25 per 1,000 . . . ... 

G s m  TOTAL 

6,952 
5,100 

10,208 
4,158 
2,520 
2,933 
7,000 

- 

Ra. 

1,181-84 
867.00 

2,041.60 
1,330.56 

655.20 
175.98 

22.75 

-- 
6,Z74.93 



ABSTRACT O F  COST OF ESTIMATE NO. 124.-BRIDGE ON ESCAPE, 3 ARCHES 
OF 30: ROADWAY SO'. 

--- 
d - 

Quaxnm. DESCTUP~ON. I corn. 
-- -- 

I 
Ra. 

Cubic feet.. 7,602 Kunkgr masonry in foundation, a t  Rs. 17 per 100 ... 1,292.34 
,, 5,500 ,, J) superstructure, a t  Ks. 17 per 100.. 935.00 
,J 11,148 JJ 9,  J J a t  RB. 20 per loo... 2,229-60 
,I 4,960 Arch-work, heavy, a t  Rs. 32 per 100 ... ... 1,568*00 
JJ 2,970 Inverts, at Rs. 26 per 100 ... . . . . . . 772.20 
J; 2,250 Metalling, a t  Rs. 6 per 100 ... ... . . . 135.00 
,J 8,000 Earth-work, a t  Ra. 3.B5 per 1,000 ... ... 26.00 - 

O ~ N D  TOTAL 6,954.14 

C 

ABSTRACT O F  COST' OF ESTIMATE NO. 125.-FALL O N  ESCAPE INTO 
HINDUN FROM 1 0 0 ~ ~  MILE. 

- -- - 

ABSTRACT OF COST OF ESTIMATE No. 126.-RA JBUHA OUTLET, SECTION No. a. 

QUANTITY. DESCEIPTION. 

Cubic feet 
9, 

JJ 
I 

Lineal " feet I 

Ra. 
16Z.50 

13,931.60 
1,260-00 
3,000.00 
2,096.16 
9,899.40 

755.16 
187.60 
7 1 2.25 

88-00 
124.18 

1,080-00 
800.00 
330.00 
465.00 

1,966-50 
867.00 
375.00 

14.00 - 
38,117.35 

- - 

Masonry in foundations, a t  Rs. 17 per 100 
Ditto in superstructure, at Rs. 17 per 100 
Arch-work, light, a t  Rs. 25 per 100 ... 
Puddle, at Ra. 10 per 1,000 ... 
Excavation, at Rs. 3.25 per 1,000 ... 
Gate, 6.5 x 6, a t  Rs. 4O each ... 
Windlass, at. Rs. 20 each . . .. 
Chain, small, a t  Rs. 0.9 per foot ... 
Stone grooves, a t  Re. 1 per foot ... 

Excavation for foundations, a t  Rs. 3.25 per 1,000 ... 
Brick-work in ditto, a t  Rs. 20 per 100 ... ... 
Sinking large wells, at Rs. 7 per foot . . . ... 
Ditto small ditto, at Rs. 5 per foot ... ... 
Filling in wells, at Rs. 12 per 100 ... ... 
Brick-work in superstructure, a t  Rs. 20 per 100 . . . 
Ditto ditto, a t  Rs. 24 per 100 . .. . . . 
Arch-work, light, at Rs. 28 per 100 ... . . . 
Brick-on-edge, a t  Rs. 25 per 100 ... . . . 
Stone grooving, at Re. 1 per foot ... ... 
Puddle, at Rs. 10 per 100 ... ... ... 
Curbs, large, at Re. 90 each . . . ... 
Ditto small, at  Rs. 20 each ... . . . 
Piles, a t  Rs. 3 each ... . . . ... 
Sleepers, at Re. 11.629 each ... . . . 
Grating, a t  Rs. 1-15 per foot . . . ... 
Girders, at  Rs. 4-25 per foot ... . . . 
Wall plates, at Rs. 6.25 per foot ... . .. 
Hooks, a t  Re. 7 each . . .  . . . ... 

GRAND TOTAL 
- 

Cubic feet 
J, 

J J  

n 

J, 

$9 

JJ 

J ,  

~ine;  feet 
Cubic feet 
Number 

;J 

,) 
,, 

Square feet 
Lineal feet 

9 )  

Number 

I Ra. 

50,000 
69,658 

180 
600 

17,468 
49,497 

3,159 
670 

2,849 
88 

12,428 
12 
40 

110 
40 

1,710 
204 

60 
2 



Cubic feet 

ABSTRACT O F  COST O F  ESTIMATE NO. 127.-6' FALLS, 6 BAYS OF 15: 
ROADWAY 18'. 

~ineail feet 

QUANTITY. 

,J 

Square feet 
Lineal feet 

DESCRIPTION. 

8 ,  

Number 

Kunknr masonry in foundation, at  Rs. 17 per 100 . . . 
J, ,, ,, superstructure, at  Rs. 1 7  per 100 
jt P I  I) ,, 20 per 100 

Arch-work, heavy, at Rs. 32 per I 00 . .. . .. 
,, light, a t  Ks. 25 per 100 ... ... 

Briclr-on-edge, at  Rs. 25 per I 00 . .. ... 
Arch-work, inverts, at Hs. 26 per 100 ... . . . 
Stone capping, at Ks. 2 per foot ... ... 
Cbncrete, at  Ks. 14 per 100 ... . . . 
Stone grooves, a t  Re. 1 per foot ... . . . 
Kunkur floorinq, dry, at  Rs. 8 per 100. .. ... 
Metalling, at  Ks. 6 per 100 . . . ... 
Puddle, at  Kq. 10 per 1,000 ... . . . ... 
Excavation, at  Hs. 3.25 per 1,000 ... . . . 
Sleepers, a t  Ks. 11 .GB5 each 
Grating, a t  Hs. 1.15 per foot 
Ciirders, at  Els. 4.25 per foot 
Wall plates, at Rs. 6.25 per foot . . . 
Hooks, at  Hs. 7 per each ... 

ABSTRACT OF COST O F  ESTIMATE NO. 128.-5' FALLS, O BAYS OF 15') 

ROADWAY eol. 6 

Cubic feet 

,) 
Lineal feet 
Cubic feet 

2, 

Square feet 
Number 

Kunkur masonry in foundation, at  Rs. 17 per 100 . . 
), ,, superstructure, at  Rs. 17 per 100 
8 ,  ,) 9,  a t  Rs. 20 per 100 

Arching, heavy, at RE. 32 per 1 :!0 . .. . . . 
,, light, a t  Rs. 28 per 100 ... ... 

Brick-on-edge, at Rs. 25 per 100 ... . ... 
Stone capping, at RP. 2 per foot . . . ... 
Concrete, at  Ks. 14 per foot . .. 
Stone grooves, as estimate No. 127, at Re. 1 per foot ... 
Metalling roadway, at Rs. 6 per 100 ... . . . 
Puddle, at Rs. 10 per 1,000 ... . . . 
Excavation, at  Rs. 3.25 per 1,000 ... ... 
Kunkur flooring, at  Rs. 8 per 100 ... ... 
Well foundations, at  Rs. 301 per 100 ... ... 
Piles, a t  Hs. 3 each . . . ... ,.. 
Gratings, kc., aa estimate No. 127 . .. ... 

Hs. 





ABSTRAm O F  COST O F  ESTIMATE NO. 13OA.-WELL. FOUNDATIONS FOB 
ESTIMATE No. 130A, WELL SUNK 8'. 

Cubic feet 3,5 05 
JJ 1,7 96 

Number 

Brick-work, a t  Re. 20 per 100 ... ... 
Filling wells, a t  RB. 12 per 100 ... ... 

... Curbs, a t  Rs. 20 each ... ... 
ditto, a t  Rs. 60 each ... ... ... 
Under-sinking, at Ra. 5 per foot ... ... 

ditto, a t  Rs. 7 per foot ... ... ~ i n J  feet 
18 

Rs. 

4 
80 
32 

Area of pier foundatione, 2 x 176 = 853 
,, abutments ,, 2 x l68=336 - 

1,980.52+688=%. 301 per 100 snperfioial foot. 

ABSTRACT O F  COST O F  ESTIMATE NO. 151.-BRIDGES, 3 ARCHES 35' SPAN, 
eoP ROADWAY. 

DE~CBIPTI~N. I COm. 

Cubic feet 
J9 

JJ 

,, 
JV 

18 

8,  

Kunknr masonry in foundations, a t  Re. 17 per 100 ... 
81 ,, snpe~tructure, at Re. 17 per 100 
$9 18 9, a t  Re. $0 per 100 ... Arch-work, heavy, a t  Ra. 32 per 100 ... 
,, inverts, a t  Hs. 26 per 100 ... ... 

Metalling, a t  Re. 6 per 100 ... ... ... Earth-work, at Ba. 3.25 per 1,000 ... 

BBSTRACT O F  COST O F  ESTIMATE NO. 13lA-BRIDGE AS BEFORE, BUT 
WITH WELL FOUNDATIONS. 

Quamm. 

- - z  

DESCBI PTION. 1 CM.. 

Cubic feet 
,I 
JS 

SJ 

J, 

JJ 

Square feet 

... Kunkur masonry in foundations, a t  Re. 17 per 100 
,, ... ... JJ in superstructure 

... ... ... Arch-work, heavy 
... ... ... ... Metalling 
... ... ... ... Earth-work 

... ... Kunkur flooring, dry, a t  Rs. 8 per 100 
Well foundations, at RB. 301 per 100 ... ... 

GRAND TOTAL 

2,454.00 
as before 

,, 
,, 

7,120 
1,227 

Rs. 

417.18 
4,826.63 
2,53990 

222.72 
36.80 

57 1.20 
3,693.27 

12,306.90 



ABSTRACT OF COST O F  ESTIMATE No. 132.-BRIDGES, 3 ARCHES O F  
35' SPAN, 25' ROADWAY. 

I I 

Cubic feet Kunkur masonry in foundations, a t  Rs.'l7 per 100 . . 
.. J ,  ,, superstructure, a t  Rs. 17 per 100. ... J 9 $ 9  J J at  Rs. 20 per 100 ... Arch-work, heavy, at Rs. 32 per I00 ... ... ,, inverts, at  Rs. 26 per 100 ... 

Metalling, at Rs. 6 per 100.. ... ... 
... Earth-work, a t  Rs. 3.45 per 1000 ... 

ABSTRACT OF COST OF ESTIMATE No. 132 A.-BRIDGE AS I N  ESTIMATE 
No. 132, BUT WITH WELL FOUNDATIONS. 

ABSTRACT OF COST OF ESTIMATE NO. 133.-SYPHON FOR DRAINAGE, 
2 ARCHES OF 10' ON ~ B D  SECTION. 

-- 

Qumn~.r. 

Cubic feet 

cubic feet 
Square feet 

I 

.- 

DESCRIPTION. 

2,724 
as Estimate 

No. 132 
,, 
,, 
8,190 
1,363 

. Kunkur masonry in foundations, at Rs. I7 per 100.. 
,, in Superstructure ... ... ... 

Arching, heavy ... ... . . 
Metalling ... ... ... 
Earth-work ... ... ... 

... Kunkur flooring under arches, at Its. 8 per 100 
Well foundations, a t  Rs. 301 per 100 ... ... 

G&D TOTAL 

QUANTITY. 

Rs . 
463.08 

5,423-54 
3,091.20 

284.64 
40.69 

655.20 
4,099.62 

-- 
14,057.97 

Cubic feet 
JJ 

81 

13 

2, 

8, 

Y J  

1P 

- 

DESCRIPTION. 1 Con. 

11,910 
11,866 
5,258 
4,599 
1,040 
1,547 

52,976 

I 

Masonry in foundations, at Rs. 17 per 100 ... 
... ,, in superstructure, at Rs. 17 per I00 
... Arch-work, light, at Rs. 28 per 100 
... ,, inverts, a t  Rs. 26 per 100 
... Kuukur flooring, dry, a t  Rs. 8 per 100 
... Puddle, a t  Rs. 10 per 1,000 ... 
... Excavation, at Rs. 3-23 per 1,000 

GEAKD TOTAL 

Rs. 

2,024.70 
2,017'23 
1,47 1.68 
1,195.74 

83.20 
1-5-47 

172.17 

--- 
6,980.18 

-- 



ABSTRACT O F  COST O F  ESTIMATE NO. 134.-SYPHON DRAINAGE, 
1 ARCH 10' (ON ~ R D  SECTION.) 

Cnbic feet 

I Rs. 

Masonry in foundations, a t  Ra. 17 per 100 ... ... ,, in superstructure, a t  Rs. 17 per 100 
... Arch-work, light, a t  Hs. 28 per 100 ... 
... ,, inverts, at Rs. 26 per 100 ... 

Kunkur flooring, dry, at Rs. 8 per 100 ... ... 
Paddle, at Rs. 10 per 1,000 ... ... ... Excavation, at Rs. 3.25 per 1,000 ... 

~ - 

ABSTRACT O F  COST O F  ESTIMATE NO. 135.-RAJBUHA OUTSETS, 6' WIDE. 
( ON 3 m  SECTION.) 

ABSTRACT O F  COST O F  ESTIMATE No. 1 3 6 . 4 '  FALL, 5 BAYS OF 15,' 
ROADWAY 18' (ON ~ T H  SECTION). 

QUANTITY. 

Cubic feet 

DESCBIPTION. 1 Corn. 

¶I  

Lineal feet 
Cubic feet 

... 12,954 gunk& masonry in foundation, at Ra 17 per 100 2,202.18 
10,087 33 ,, in superstructure, at Rs. 17 per 100 2,734-79 
20,091 JS Y P  ,Y at Rs. 20 per 100 4,018.10 

4,677 Arch-work heavy, a t  Rs. 32 per 100 ... ... 1,496-641 
24 0 YJ light, at Ra. 28 per 100 ... ... 67.20 

5,397 Brick. on-edge, at Rs. 25 per I00 ... ... 1,349.25 
382.5 Stone capping, at Ra. 2 per cubic foot ... ... 765.00 

17,850 Concrete, at Ks. 14 per 100 ... ... 2,499-00 ... 80 Stone grooves, at Re. 1 per foot ... 80.00 
9,220 Kunkur flooring, at Rs. 8 per 100 ... ... 737.60 
2,400 Metalling roadway, at Rs. 6 per 100 ... ... 144.00 

55,872 Excavation, at Rs. 3.25 per 1,000 ... ... 181.58 
6,530 Puddle, a t  Ra. I 0  per 1,000 ... ... 653.00 -- 

... Caried over 16,928.34 

Cubic feet 
39 

JS 

¶I 

~u&'ber 

~ i n e a i )  feet 
I ,  

4 

2,780 
3,560 

Masonry in foundations, at Ra. 17 per 100 ... 
... in superstruct.ure, a t  Rs. 17 per 100 

Rs. 

472.60 
605.20 

~rc i -work ,  at Rs. 28 per 100 ... ... ... ... Puddle, a t  Rs, 10 per 1,000 ... Excavation, a t  Rs. 3-25 per 1,000 ... 
Gate, at Rs. 32 each . ... ... ... 
Windlass, a t  Rs. 20 each ... ... ... 
Chain, small, at  Rs. .9 per foot ... ... ... ... Stone grooving, a t  Re. 1 per foot 

(~BAND TOTAL 

54.88 
21.48 
9.03 

32-00 
20.00 
11 70 
14.00 -- 

1,240-89 



ABSTRACT .OF .COST O F  ESTIMA'fE No. 136, kc.,-continred 

Square feet 
Number 

2) 

Supl. feet 
Lineal feet 

U 

, Number 

Brought forward 

... Well foundations, at Re. 30, per 100 

... Piles, at Rs. 3 each ... 
Sleepers, at Rs. 11.625 eaoh ... 
Grating, a t  Rs. 1.15 per foot ... 
Girders, at Ra. 4.25 per foot ... 
Wall-plates, at Rs. 6.25 per foot ... 
Hooks, at Rs. 7.0 each ... ... 

ABSTRACT O F  COST O F  ESTIMATE NO. 137.-BRIDGE 8 ARCHES OF 30') 
ROADWAY 20'. 

!Cubic feet 

,, 
Square feet 

DESCRIPTION. I COST. 

. Kunkur masonry in foundations, st Rs. 17 per 100.. 
,J ,, in superstructure, a t  Rs. 17 per 100 
J J  9, JY at R a  20 per 100 

... Arch-wbrk heavy, st Rs. 32 per 100 ... 
Metalling, a t  Re. 6 per 100 a d C  ... 

.... Earth-work at Re. 3.25 per 1,000 ... 
Kunkur flooring, dry, at Its. 8 per 100 ... 
Well foundations, aa Estimate No. 131 A ... 

ABSTRACT O F  COST O F  ESTIMATE NO. 138.-BRIDGE 3 ARCHES O F  30', 
ROADWAY 18'. 

Cubic feet 
8 )  

JJ 

9, 

I, 

2, 

>J 

Krmkur masonry in foundations, a t  Rs. 17 per 100 .. 
J J  ,, insuperstructure, at Rs. 17 per 100 
,, 99 J J  at Re. 20 per 100 

Arch-work, heavy, a t  Rs. 32 per 100 .. , ... 
Metalling, at R8. 6 per 100 ... ... 
Earth-work, at Re. 3-25 per 100 ... ... ... Kunkur flooring, a t  Hs. 8 per 100 ... 
Well foundations, as Estimate No. 130 A .,. 



- dIBSTlUC!L' OF COST OF 'ESTIMATE NO. 139.-SYPHON FOR DRALNAGR 
2 ARC3ES OF 10' (ON 4?ra SECTION.) 

ABSTRACT OF COST OF ESTIMATE NO. 140.-SYPHON FOR DRAINAGE, 
1 ARCH O F  3' ( O N  ~ T H  SECTION.) 

QUANTITY. I DI~CBIPTION. 

ABSTRACT OF COST O F  ESTIMATE NO. 141.-RAJBUHA OUTLET (ON l k r ~  
SECTION.) 

Cubic feet 
u 
u 

n 

JJ 

J, 

8,  

11,280 
11,278 
4,920 
4.305 - 
1,040 
1,365 

50,064 

Mason y in foundations, a t  Rs. 17 per 100 ... 
,, in superstructure, a t  Rs. 17 per 100 ... 

Arch-work, a t  Rs. 28 per 100 ... ... 
,, invert, a t  Ra. 26 per 100 ... ... 

... Kunkur flooring, dry, at Its. 8 per 100 ... ... Puddle, a t  Rs. 10 per 1,000 

... ... Excavation, at Re. 3.25 per 1,000 

GRAND TOTAI. 

QUANTITY. 

ABSTRACT OF COST OF ESTIMATE NO. 142.-REPAIRS TO MAIN LINE, GANGES 
CANAL 

Rs. 
1,917.60 
1,917.26 
1,377.60 
1,119.30 

83.20 
13.65 

162.70 

6,591.31 
E 

Cubic feet 
,) 

,. 
I, 

9, 

JJ 

JJ 

DESCBIPTION. 

2,970 
4,563 

61 5 
307 
320 
367 

8,928 

Masonry in foundntions, a t  Rs. 17 per 100 ... 
in superstructure, a t  Rs. 17 per 100 . . ... Aro)i-work light, at Ra. 28 per 100 ... .. ... inverts, at Rs. 26 per 100 ... ... Kunkur flooring, at Rs. 8 per 100 . . .  

Puddle, a t  b. 10 per 1,000 . .. ... ... ... Excavation, at Rs. 3-2.5 per 1,000 

GRAND TOTAL 

COST. 

Rs. 
472.60 
456.11 
54.88 
15.45 

9.03 
32.00 
20.00 
11.70 
14-00 

1,085.77 

Be. 
604.90 
775.71 
172.20 

79.82 
25.60 

3.67 
29.01 -- 

1,590.91 
b 

DESCRIPTION. 

Masonry in foundations, at Ra. I 7  per 100 ... 
... ,, in superstructure, a t  Rs. 17 per 100 
... Arch-work light, at Rs. 28 per 100 .+. 

... ... ... Puddle, at Rs. 10 per 1,000 ... ... Excavation, a t  Rs. 3.25 per 1,000 . . 
Gate 6'5"x5', at  Rs. 32 each ... ... ... 

... ... ... Windlass, a t  Rs. 20 each ... 
Chain small, at  Re. 0-9 per foot ... ... ... 

... ... ... Stone grooves, a t  Re. 1 per foot 

GRAND TOTAL 

QUANTITY. 

Cubic feet / 2,780 
n 
,, 
,J 

9, 

Number 
,s 

Lineal feet 
I, 

Q U A N T ~ Y .  

2,683 
196 

1,546 
2,780 

1 
I 

13 
14 

D~scs~mroa .  

Cubic feet 
Milea 

Earth-work, at Rs. 2.5 per 100 ... 
Repairing tom-path from Roorkee 't'd Fnttegurh 

branch head and from Julpoori Bridge to Nanoon 
Regulator, a t  Re. 100 per mile ... ... 

G ~ V D  TOTAL 

3,102,912 
131 

Rs. 
7,757.28 

13,100.00 

20,857.28 



ABSTRACT OF COST OF ESTIMATE NO. 143.-ALTERATIONS TO FALLS ON 
PRESkNT LINE, 800' WATERWAY. 

1 - -  

ABSTRACT OF COST OF ESTIMATE NO. 144.-ALTERATIONS TO FALLS ON 
PRESENT LINE, 150' WATERWAY. 

ABSTRACT COST OF ESTIMATE NO. 145.-REGULATING BRIDGES, FUTTE. 
GURH BRANCH, HEAD MAIN LINE. 

COST. 

Ra. 

348.8 
1,915.1 
2,180.0 --- 
4,443-9 

- 

DDCRIPTION. 

Demolition, st Re. 1 per 100 ... . . . 
Masonry, at Re. 22 per 100 ... . . . 
Brick-on-edge, at Rs. 25 per 100 ... . . . 

G u m  TOTAL 

Q U A N T I T Y .  

ESTIMATE, NO. 146.-71' TOW-PATHS UNDER BRIDGES, MAIN LINE. 

Cubic feet 
SJ 

" . 

34,880 
8,705 
8,720 

QUANTITY. 

J. CROFTON, Czpkin, R. 8. , 

D~scmmoa.  

Girders, at Rs. 9.4 per foot ... . . . 
Iron drop gates, at Rs. 6 per foot ... . .. 
Wooden gates, at Re. 1-25 per foot ... ... 
Small windlasses, at Ra. 22 each ... ... 

GRAND TOTAL 

Lineal Feet 
Square feet 

8 )  

Number 

I 

ITEMS OF WORK. 1 TOTAL 

COST. 

Ra. 

958.8 
410.0 
300.0 
198.0 --- 

1,866.8 - 

102 
82 

240 
9 

32 
7 
3 

I 

Tow-paths, 18' Roadway, vide Estimate No.  174, at Ra. 327.30 each 
Ditto 20' ditto a t  ,, 368.50 ,, 
Ditto 25' ditto at  ,, 426'50 ,, 

O w n  TOTAL 
b 

Re. 
10,473.6 
2,579.5 
1279.5 --- 

14,332.6 - 



G A N G E S  CANAL.  

NAVIGABLE LINE. -- 
ABSTRACT OF COST OF ESTIMATE NO. 147.-EXCAVATION. 

ABSTRACT OF COST OF ESTIMATE NO. 148.-DOUBLE LOCK CHAMBER AT 
EXIT FROM GANGES CANAL 

Q U A N T I T Y .  

ABSTRACT O F  COST OF ESTIMATE NO. 149.-DOUBLE LOCK, 6' DROP, 
16 ROADWAY. 

DESCRIPTION. 

Cubic feet 
,9 

Excavation, at Rs. 2-25 per 1,000 ... ... ... Embankment, at  RE. 6 per 1,000 ... 
GBAND TOTAL 

217,460,025 
50,429,030 

QUANTITY, 

Rs. 
4,89,285.05 
3,012,514.18 

7,91,85ga23 

D~RIPTION. I COST. 

h b i c  feet 
JJ 

99 

99 

n 

19 

,J 

9J 

Square feet 
Lmeal feet 

Number 
,J 

,9 

... Brick-work in foundations, at Rs. 20 per 100 

... JJ in superstructure, at  Ra. 20 per 100 
... ... Brick-on-edge, at  Re. 25 per 100 ... ... Arch-work, light, a t  Rs. 28 per 100 
... ... $3 inverts, at Rs. 26 per 100 
.. ... Kunkur flooring, dry, at  Rs. 8 per 100. ... ... Puddle, at  Rs. 10 per 1,000 ... ... Excavation, at  Re. 3.25 per 1,030 

Lock gates, at  RE. 6.5 per foot ... ... ... Chain, at  Re. 1 per foot ... ... 
... Pulleys, at  Rs. 6 each ... ... ... ... Crabe, at Rs. 135 each ... 

... Sluices, at  Rs. 125 each 
Excavation drainage cut .s &mate ~;:.99 ... 

GRAND T ~ A L  

Same as above, but with deep foundations above and below chambers on wells- 
Ae Estimate No. 148, deducting drainage cut 
Additional for well foundations, a& Estimate No. 189; ... ... 2 x 560.74 = ... 

GRAND TOTAL 

30,396 
54,932 

814 
1,020 
6,528 

780 
7,639 

40,147 
992.16 
220 

8 
8 
8 

QUANTITY. 

Re. 
6,07990 

10,986.40 
202.76 
285.60 

1,697.28 
62.40 
76.39 
130.17 

6,449.04 
220.00 
40.00 

1,050*00 
1,000.00 
3,960.00 

32,269.53 

28,309.63 

1,121.48 

29,431.01 
1 

DES~PTION. 

Cubic feet 
99 

s, 

9, 

,# 

I, 

)# 

9J 

9,  

Square feet 
Number 

33 

~ i n e z  feet 

Masonry in foundations, at  Rs. 17 per 100 ... ... ,, insuperstructure,atRs.20per100 ... ... Brick-on-edge, a t  Rs, 25 per 100 
... ... Arch-work, light, a t  Re. 28 per 100 ... ... ,, inverta, a t  Re. 26 per I00 
... ... Kunknr flooring, dry, a t  Rs. 8 per 100 ... Metalling roadway, at Rs. 6 per 100 ... ... Puddle, at Rs. 10 per 1,000 ... ... ... Excavation, at Re. 3.25 per 1,000 

Lock gates, at  Rs. 6.5 per foot ... ... 
Pulleys,atRs.5each ... ... ... ... ... ... Crabs, at  Rs. 135 each 
Sluices, at Rs. 125 each ... ... ... 
Chains, a t  Re. 1 per foot ... ... ... 

GRAND TOTAL 

35,403 
45,548 

1,479 
1,837 
6,783 
1,152 
2,796 
8,316 

49,002 
610.66 

8 
8 
8 

188 

Ra. 
6,018.52 
9,109.60 

369.75 
514.36 

1,763.68 
92-1 6 

167.76 
83.16 

159.25 
3,968.64 

40.00 
1,080.00 
1,000.00 

188.00 

24,554.77 
b 
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ABSTRACT OF COST OF ESTIMATE NO. 149.-WITH WELL FOUNDATIONS. 

ABSTRACT OF COST O F  ESTIMATE NO. 149A.-DOUBLE LOCK, 6' WITHOUT 
BRIDGE. 

QUANTITY. DESCBIPTION. 

Foundations. wperstructure, arches, and inverb, aa 
Estimate No. 149 

Difference of cost without bridge ... 
TideEstimateNo.149 ... 

Qumnm. 

ABSTRACT OF COST OF ESTIMATE No. 150.-DOUBLE LOCK, 12' DROP, 
18' ROADWAY. 

DESCBIPTION. 

Cnbio feet 
,) 

Lineal feet 
N runber 

Brick-work in foundations, at  Rs. 17 per 100 ... 
Filling in wells, at Rs. 12 per foot ... . . . 
Undersinking, at Rs. 5 per foot ... . . . 
Curbs, at  Rs. 20 esch . . . ... 
Remainder as Estimate ~o: '149 ... . . . 

Gum TOTAL 

34,489 
551 

78 
I8 

Rs. 

6,863-13 
68-12 

390.00 
260-00 

18,536.26 

25,115.51 



ABSTRACT OF COST OF ESTIMATE NO. I5T.--DOUBLE LOCK, 6' DROP, 
25' ROADWAY. 

ABSTRACT OF COST OF ESTIMATE NO. 152.-DOUBLE LOCK, 8' DROP, 
20' ROADWAY. 

Q u m .  D ~ s c a r m o ~ .  

Cubic feet 
,I 

)I 

N 

IS 

18 

a# 

>I 

Cabio feet 
2, 

91 

91 

IJ 

93 

J, 

19 

,> 
Square feet 
Lineal feet 

Number 
11 

1, 

ABSTRACT OF COST OF ESTIMATE NO. 153-DOUBLE LOCK, 5' DROP, 
10' ROADWAY. 

I I 

Mason ry in foundations, a t  Re. 17 per 100 ... 
in enperstructure, a t  Re. 20 per 100 ... 

~ri&on-ed~e,  at  Ib. 25 per 100 . . . ... 
Arch-work, light, at Re. 28 per 100 ... ... 

,, inverb, at  Re. 26 per I00 . . . ... 
Kunkur flooring, dry, aa Estimate No. 149 ... 
Metelling roadway, at  Rs. Ci per 100 . .. . .. 
Puddle, at  Rs. 10 per 1,000 ... . .. 
Excavation, at  Ra. 3.25 per 1,000 ,.. ... 
Lock apparatus as Estimate No. 149 ... ... 

G u m  TOTAL 

Same aa above, but with deep foundation on wens- 
Estimate aa above . .. 
Additional for well foldations, oida Estimate No. 149 . . . 

GRAND TOTAL - 

36,595 
47,847 

1,658 
2,288 
7,140 

5,389 
8,578 

50,532 

Masonry in foundations, at  Re. 1 7 per 100 . . . 
,, in superstructure, at  Rs. 20 per 100 ... 

Brick-on-edge, at  Rs. 25 per 100 . . . ... 
Arch-work, light, a t  Re. 28 per 100 ... ... 

inverts, st Rs. 26 per 100 . .. ... 
~ e c l l i n ~  roadway at Rs. 6 per 100 ... . . . 
Kunkur flooring, at  Re. 8 per 100 . .. ... 
Puddle, at Rs. 10 per 1,000 ... ... 
Excavation, at  Re. 325 per 1,000 ... ... 
Lock gates, at  Ib. 6.5 per foot . . . ... 
Chains, at  Re. 1 per foot ... . . . . . . 
Pulleys, at Rs. 5 each . . . . . . ... 
Crabs, at  Rs. 135 each ... ... . . . 
Sluiw,atRe.l25each ... ... . . . 

GBAND TOTAL 

35,927 
50,681 

1,530 
1,966 
6,885 
3,146 
1,152 
9,381 

49,443 
687 
196 

8 
8 
8 

Ra. 
6,221°15 
9,569.40 

414.50 
640.64 

1,856.40 
92.16 

2 0 3 . a  
85.78 

164.24 
6,276.64 - 

25,524.25 

25,524.25 
660.74 

26,085.09 

.' 

Ra. 
6,107.59 

10,136.20 
$82.50 
680.48 

1,790.10 
188.76 

92.16 
93.81 

160.98 
4,465.50 

196.00 
40.00 

1,080.00 
1,000-00 -- 

26,284.08 

Cubic feet 
9, 

)I 

J, 

34,021 
39,603 

1,160 
6,3 7 5 

Masonry in foundations, at Rs. 17 per 100 ... 
,, in superstructure, at  Rs. 20 per 100 ... 

Arch-work, light, a t  Rs. 28 per 100 ... ... 
,, inverts, a t  Rs. 26 per 100 ... . . . 

Carried over ... 

5,783.57 
7,920.60 

324.80 
1,657.50 - 

15,686.47 
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ABSTRACT OF COST O F  ESTIMATE No. 153.-emtkued. 

Csbic feet 
99 

QUANRTY. 

ABSTRACT O F  COST O F  ESTIMATE No. 154.-DOUBLE LOCK, 9.73 FALL, 
10' ROADWAY. 

Square feet 
L~neal feet 

Number 
3, 

>, 

a 

DESCRIPTION. 

Cubic feet 
1, 

)J 

,) 
)) 

Square feet 
Lineal feet 
Number 

I, 

8,  

Q U A N T I T Y .  

54,504 Masonry in foundations, at Ra 27 per 100 
55,258 ,, in superstructure, a t  Rs. 20 per 100 

... Brick-on-edge, as Estimate No. 163 
Arch-work, light, aa Estimate No. 153 .. 

)a inverts, as Estimate No. 153 
Metalling roadway, as Estimate No. 163 
Kuukur flooring, dry ... 

9,783 Puddle, a t  Ra. 10 per 1,00d" ... 
Excavations, as Estimate No. 183 ... 

752.89 Lock gates, at Re. 6.5 per foot ... 
196 Chain, at Re. 1 per foot ... 

8 Pulleys, a t  Rs. 5 each ... ... 
... 8 Crabs, at Rs. 235 each ... ... 8 Sluices, at Re. 125 each ... 

Additional for well fonndetion~ ... 

I 

Brought forward ... 
... Brick-on-edge, a t  Re. 25 per 100 ... ... ... Metalling roadway, a t  Rs. 6 per 100 

... Kunkur flooring, dry, as Estimate No. 149 
... ... Puddle, a t  Ra 10 per 1,000 
... ... Excavation, a t  Rs. 3.25 per 1,000 

Lock gates, a t  Rs. 6.5 per foot ... ... 
Chain, a t  Re. 1 per foot . . ... ... ... ... Pulleys, at Rs. 5 each ... ... .... ... Crabs, a t  Re. 135 each ... ... ... Sluices, at Ra. 125 each 
Additional for well foundations, aa Estimate No. 149 A 

GRAND TOTAL 

1,275 
1,398 

7:837 
47,242 

572.4 
188 

8 
8 
8 

DE~CBIPTION. ( T m u .  

ABSTRACT O F  COST OF ESTIMATE NO. 155.-AQUEDUCT OVER KALEE 
NUDDEE, UPPER CROSSIPU'G, 2 ARCHES O F  40' SPAN. 

~~ - 

R8. 
15,686.47 

31 8.76 
85-88 
98-16 
78.27 

163.53 
3,720.60 

188.00 
40.00 

1,080.00 
1,000-00 

660.74 

23,002.40 

QUANTITY.  

Cubic feet 
Lineal feet 

,, 
Cubic feet 

>J 

$9 

,J 

39 

,, 
Number 

3, 

, 

DEBCB~ION. 

18,469 
96 

2 64 
8,278 

91,076 
10,395 

1,627 
13,350 
15,760 . 8 

22 

Brick-work in well foundations, a t  Rs. 20 per 100 ... 
Sinking wells, large, at Rs. 7 per foot .. ... ... , , , ,  emall, a t  Rs. 5 per foot ... 

... Filling in wells, a t  Ra. 12 per 100 ... ... Brick-work in superstructure, a t  Rs. a0 per 100 

... ... Aroh-work, heavy, a t  Rs. 32 per 100 ... ... Brick-on-edge, a t  Re. 25 per 100 

... ... Puddle, at Bs. 10 per 1,000 
... Kunkur flooring, dry, a t  Rs. 8 per 1,000 ... ..a Curbs, large a t  Rs. 90 each ... ... ... ,, small, at  Its. 20 each 

GRANDTOTAL 

Re. 
5,693.80 

672.00 
1,320.00 

993.56 
18,215-20 
3,326.40 

406.75 
133.50 

1,260.80 
720.00 
440-00 

31,181.81 
-l 



ABSTRACT O F  COST O F  ESTIMATE NO. 156.-AQUEDUCT OVER W E E  
NUDDEE, LOWER CROSSING, 3 ARCHES OF 40' SPAN. 

ABSTRACT O F  COST OF ESTIMATE No. ~ ~ ~ . - A Q U E D U C T  OVER CHOYA 
NULLA, 3 ARCHES OF 30' SPAN. 

- - 

QUAXTITY. I DESCRIPTION. TOTAL. 

Cubic feet 
Lineal feet 

~ubi:feet 
J, 

J, 

,J 

)J 

$9 

Number 
JY 

Cubic feet 
J J  

,J 

a, 

JI 

ABSTRACT O F  COST O F  ESTIMATE NO. 158.-BRIDGE ON WELL FOUNDA- 
TIONS, 10' KOADWAY. 

Brick-work in well foundations, a t  Rs. 20 per 100 ... 
Sinking wells, large, at Rs. 7 per foot . . . . . . 

,, ,, small, a t  Rs. 5 per foot . .. ... 
Filling in wells, at Ra. 12 per 100 ... ... 
Hrick-work in superstrubture, a t  Rs. 20 per 100 ... 
Arch-work, heavy, at ,Rs. 32 per 100 ... ... 
Brick-on-edge, at Rs. 25 pcr 100 ... ... 
Kunkur floorilig, dry, a t  Its. 8 per 100 ... ... 
Puddle, a t  Rs. 10 per 1,000 ... ... 
Curbs, large, at Rs. 90 each ... ... 
,, small, a t  Rs. 20 each ... ... 

Guwn TOTAL 
- -  

21,871 
96 

336 
9,456 

143,947 
19,305 
2,450 

23,120 
18,174 

8 
28 

81,994 
12,994 

1,925 
38,820 
10,885 

Well foundation and sinking, as Estimate No. 156 ... 
Masonry in superstructure, at Rs. 20 per 100 ... 
Arcli-work, heavy, at Rs. 32 per 100 ... ... 
Brick-on-edge, at Rs. 25 per 100 . . . . . . 
Kunkur flooring, dry, at Rs. 8 per 100. .. ... 
Puddle, a t  Rs. 10 per 1,000 . . . ... ... 

GRAND TOTAL 

Cubic feet 
I, 

1, 

2, 

,, 
J* 

JJ 

3,  

1, 

Rs. 7 

% 4,374-20 
672.00 

1,680.00 
1,134.72 

28,789.80 
6,177.60 

612.50 
1,849.60 

181.74 
720.00 
560.00 . -- 

46,752.16 

7,860.92 
16,398.80 
4,15Y.OY 

4Y1.25 
1,505.00 

108.85 -- 
30,513.50 

Brick-work in foundations, a t  Rs. 17 per 100 
,, in superstructure, a t  Rs. 20 per 100 

Brick-on-edge, a t  Rs. 25 per 100 . .. 
Arching, heavy, at Rs. 32 per 100 ... 

,, light, a t  Rs. 26 per 100 ... 
Filling in, a t  Rs. 12 per 100 ... 
Puddle, at RE. 10 per 1,000 ... 
Metalling, a t  Rs. 6 per 100 ... 
Excavation, at Rs. 3.25 per 1,000 .., 
Undersinking wells, as per Estimate No. 159A 
Number of curbs . . . . . . 

































ABSTRACT OF ESTIMATE No. 180. 

( 135 1 
ESTIMATE No. 180.-TEMPORARY .OVER-FALL ON DIVERSION, 

200' WATERWAY. - 
GRAND DICSCRIPTION. / No. 1 L. B. 1 D. 1 Puumr. 1 TOTAL 1 TmALv 

dbulmentr. 

Piling .. . . . . ... 
Walling piecea ... . . . 

weir. 

Crib ... . . . ... 

Piles . . ... ... 
11 . . . ... .. . 

Covering of timber ... 
Walling pieces ... ... 

BorrMcrr ... ... ... 

Cnlic feet. 

~ a m g r  
Cubic feet, 

I Cod of W '  = B8. 11,886.68 .i 200 = 68.86 per foot, say Re. 59. 

37% 
2 

40 

533 
266 
... 
3 

... 

3,871 
11,009 

40 
68,000 

Timber in abutments, at Re. 0.6% per f06t . . . ... 
,, ,, Weir, at Re. 0.62 per foot ... ... 

Criba, at Rs. 20 each . . . ' ... ... .. . ... 
Boulders, at Re. 7 per 100 ... ... ... ... 

2,400.02 
6,825.58 

800.00 
4,OM.OO 

18 
140 

... 

18 
14 

200 
200 

200 
200 
200 

3,766 
105 

40 

--- 

5,396 
2,OYY 
3,300 

225 

82,000 
16,000 
10,000 

0.75 
0.5 

... 

0.75 
0.75 

22 
0.50 

20 
40 
10 

3,871 

40 

11,009 

-- 

58,000 

0.75 
0.75 

. . . 

0.75 
0-75 
0.75 
0.75 

8 
2 
6 

2 

3,871 

40 

11,009 

58,000 

C 





























































rough stone of which it was mainly constructed cost only 11 annas per 
cubic yard, or a fraction over Rs. 2-8 per 100 cubic feet. The cut 
stone cost Rs. 5, and the largest blocks Rs. 9 only, per cubic yard or 
from 3 to 53 annas per foot. Rough stolle or concrete for the Ganges 
weir could not be delivered under eight times the Bezwada rate ; or 
suitable cut stone under Rs. 2-8 per foot. 

40. Some doubt is entertained as to the possibility of laying the pram floor 
Ganges weir might concrete or brick foundation of the weir to the depth shown in the h e  to be mnstract 

section, namely 10 feet below low water level. Should it be found un- ed on a higher level. 

practicable, partly by the aid of baling and partly by working in 
water, to attain to this depth, the only alternative, without altering 
the plan would be to construct the floor on a higher level. This 
would necessitate an extension of the rough stone apron at  a corres- 
ponding additional outlay. 

41. A weir on the pattern of the Bezwada anicut could be con- A rough stoneweir 
could be more expedi- 

structed more expeditiously than the one proposed by the Committee, tionsly con&ncted, 
but wopld not be lees but i t  is questionable whether any saving would be effected in first e x m v ,  

construction, while the annual repairs would be very costly. 
42. The construction of under sluices at one or both flanks of G r e  coat of well 

foundahone to under 
weir must necessarily be a very expensive operation, as the whole of sluicee. 

the floors would have to be founded on wells, and as the capacity of 
the sluices would not only have to be sufficient to discharge the 
ordinary supply of the river during the dry season, but the exception- 
ally high one, which is liable to be brought down in January and 
February. 

43. I n  the above enquiry, the valuable experience which has Experience gained 
In Madras kept in been gained in the construction of weirs in the Madras Presidency view by Committee. 

has been kept in view, and the plan adopted for a weir on the Ganges, 
differs no further from those approved in Madras, than is considered 
necessary to meet the peculiarities of the Ganges, which have been 
previously described. 

44. One of the members of the Committee not satisfied as to Snggeation a 
member of the A m -  the stability of the wells 15 feet in depth, or the feasibility of con- ittee. 

structing the flooring from a level 10 feet below low water, has drawn 
out a section for a weir, on the principles which are generally followed 
in  the N. W. Provinces, when 'a scouring action has to be provided 
against. 

45. The cost of a weir on this pattern would be much the same Weir wonld cost 

as  that of the other, the extra cost of the wells being counterbalanced much well foundations the same ww if 

by the saving in rough stone. extended stone reduced and rough 

46. I t  is generally supposed, or by at  least a large section of the Deep fo~dat i0ns  
1- a t l y  than rough 

Engineers in other parts of India, that the foundations of bridges and stone in certain 1- 

other works in the N. W. Provinces are extravagant, but in many 
places rough stone irs so costly as to render deep well foundations the 
most economical procedure that could be pursued, for securing a 
work against the action of a powerful current. 
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COEt Of weir and 47. The total cost of a weir across the Ganges, near Sookertal, channel together, 112) i l&h% 
i and a channel from it to the present main line of canal to carry 5,000 
I cubic feet per second would thus be 112; lakhs of rupees. 
, Com~&with& 48. As Major Crofton's estimate for the rectification of the whole 

jor Crofton'a project. 
I length of canal from Hurdwar to the head of the Cawnpore Branch, 

including compensation and loss of water-rents, if the canal were 
closed for a 'year, amounts to about 45& lakhs, (Major Crofton's 
Report, p. 61,) it is evident that the Sookertal project cannot be 

I 

recommended as a substitute. 
Water in Oan 

insnfficient for f!% 
4,9. When the additional works provided for by Major Crofton 

~ ~ P P I Y  of 4 at shall have been completed, the canal will be competent to carry 
Hnrdwar, and a aepa- 

2 h k w -  the supply originally contemplated of 7,000 cubic feet per second. 
Now, as the Committee have before observed 5,000 cubic feet per 
second is the maximum* supply likely to be available at Sookertal, 
when an equal quantity is entering the canal at Hurdwar, there is 
not likely to be much above 3,000 cubic feet available when 7,000 
are admitted at Hurdwar. In that event the great cost of a weir 
across the Ganges, which must be the same, whatever quantity might 
be taken from the river at Sookertal, would seem to render the con- 
sideration of a separate project for a head from that site superfluous. 

Merence to Raj- 50. The remarks however which have been made in the section 
ghat project. 

of the Committee's Report relating to the proposed head from Raj- - 
ghat, when a supply somewhat in excess of 3,000 cubic feet per - 

second would probably be available, are applicable with slight modi- 
fications, to a project for conveying 3,000 cubic feet from Sookertal. 

HEAD WORKS ON THE GANGES BELOW SOOKERTAL. 

GURMUKTESUR. 

51. The examination which the Committee made of the river a t  
and about Gurmuktesur, led them to conclude that the site is un- 
suited for headworks ; the great extent over which the river travels, 
the width of its bed, the unfavorable nature of its banks, combined 
with the scarcity of good building material in the neighbourhood, 
render i t  a most objectionable position for any such project. 

Best sita for weir 52. The point on the Ganges which seems best adapted for the 
and head works. 

contruction of the necessary works either for supplementing the 
lower part of the canal, or for supplying water for irrigating addi- 
tional land on that part of the Doab, is in the neighbourhood of Raj- 

For the year 1864-66, the krerage ~npply admittcd into the canal mas 4,026 ccbic feet per wccad. 
An observation taken at Gunnnktesur, 50 miles below hkertal ,  on 6th February, 1865, makea the die 
charge. of the Ganges only 4,278 cubic feet per second ; to&l8,804 cubic fat .  







ghat, nearly opposite Allyghur. The  bapks of the river and the ad- 
joining laid there, seemed to be sufficiently favorable for the purpose, 
t o  warrant such a survey of the locality as would supply details for 
estimating the  cost of the work. - 

53. The Ganges canal plans, and the Trignometical Survey maps steps t a e n  to col- 
lect information for 

were first examined in order to ascertain the best trace to follow in estimating. 

the more detailed enquiry; the liae was then levelled, a cross sec- 
tion and rough survey of the river made, and the discharge a t  low 
water measured. From these data the accompanying estimate has 
been drawn up. 

54. The  construction of a weir across the Ganges at  this site nifficdt~ of -ti- 
mating cost of weir. 

will be attended with similar difficulties and heavy expense as at  
Sookertal, nor can the examples of the Madras works be fairly applied 
to the case, for it cannot be too clearly explained that the difficulty 
and cost of such undertakings does,not depend so much on the heights 
of the floods of a few weeks duration as on their long'continuance, 
and on the volume and steadiness of the permanent stream, the nature 
of the bed and banks of the river, and the facilities of procuring ma- 
terials, on all which points there are essential differences between 
the Godavery and the Ganges. The  Committee-while careful to 
estimate the cost of the works as correctly as possible-are aware, that 
some degree of uncertainty must exist, and feel i t  their duty to guard 
against the necessity of further outlay except for bona"fide repairs ; 
the weir has therefore been designed with every regard to stability, 
and as much economy as circumstances will allow. 
. 55. The  quantity of flood water for which provision has been F I O O ~  discharged and 

dimemions of weir. 
made is 300,000 cubic feet per second, that is 20,000 feet more than 
has been provided for at  Sookertal-see note on that project. It is 
proposed to build the weir 4,500 feet long, to raise the low watir level 
8 feet, 5+ by a masonry weir, and 2$ feet by a moveable board, and 
the flood level about 14 feet ; this height would be attained during very 
high floods only, and would not injure the low land to any important 
extent. There would be a velocity of about 12 feet per second over 
the weir in high floods. 

56. The  design for the work has been prepared with a view to hf.rakfialsandtheir 
wet. 

using as far as possible the materials which are available in the district. 
I t  differs from the Sookertal weir so far, that the wells are designed to 
be sunk 30 feet below the bed of the river, and consequently, less pro- 
tection of loose stone has been provided for. The  most important of 
the local materials is the block kunker, i t  is found a t  a distance of about 
fourteen miles from the river ; the cost in a rough state, delivered on 
the bank is about Rs. 10 per 100 cubic feet. Cut stone must be 
brought from Bhurtpore ; the cost at  Muthra is Rs. 1 per cubic foot, 
carriage from Muthra to Rajghat (a distance of about 80 miles) Rs. 
1, dressing and setting, Rs. 0-8, a total of Rs. 2-8 per cubic foot. 

Trainin and pro- 
57. The  extent and cost of training and protection walls and teetion w&~. 

F 



embankments is very uncertain ; the right bank of the river is  good 
and would therefore require very light works, but the left bank is sub- 
ject to much erosion, and consequently would require heavy works 
and constant attention. 

water availablein 58. The quantity of water passing Rajghat on the 10th April, 
dry season. 

1866, when the Ganges was at a low level-some of the villagers said 
it was at its lowest for the year-was 5,630 cubic Let per second ; while 
a measurement made at Cawnpore on the 5th of the same month, gave 
5,438. The quantity for which provision is to be made in the new 
channel is 5,000 cubic feet per aecond, which is considered a fair quan- 
tity to fix for the purpose of this estimate ; but it is tolerably certain 
that so much would not be available during very dry seasons with the 
canal taking its full supply from Hurdwar, while if a canal were to 
be opened from Sookertal to take off the whole supply of the river in 
the dry season at that point, the supply that would then be available 
at Rajghat *odd be very small. 

Details channeL 59. In  fixing the dimensions of the channel the fall has been 
made as great as the nature of the soil permits, the object kept in 
view being to give as small a sectional area as possible through the 
deep cutting in the first twenty milea. By diminishing the slope and 
increasing the sectional area, the length of the line might be short- 
ened; but the decrease in quantity by shortening, would be much more 
than counterbalanced by the additional width of excavation in the deep 
cutting. As the results of his enquiry, Major Crofton has adopted 2-5 
feet per second aa the highest velocity which the lightest of this 

. kind of soil can stand, the same has been adopted here ; consequently, 
the sectional area required to carry the quantity fixed upon is 2000 
square feet. The depth of water to be carried has been fixed at 10 
feet, and the side slopes of the channel at 2 to 1, with berms of 12 feet 
wide at 3 feet above high water. 

akforexc .a t ion  60. The rates for works have been fixed as nearly as possible in a d  cost of masonry 
worka accordance with the prices now being paid in the district, making such 

additions for the great depth of cutting and consequent distance to 
which the spoii must be carried as were considered necessary. The 
number of bridges over the line has been estimated on the same prin- 
ciples as those by which the Ganges Canal Officers were guided ; the 
rule being, that there should be a bridge at about every third mile. 
Very accurate estimates of the cost of crossing the small rivers, could 
not be made without waiting for detailed surveys and observations, 
which would cause much delay; they are, however, perhaps su5cient- 
Iy accurate for a merely comparative estimate of this kind, the best 
information available having been collected from both Railway and 
Canal Officers. 

Project cannot be 61. The estimate for the work amounts to- substituted for Major 
Crvfton'a on acwmt Channel, . . . . . . .. . . . . 67,54,550 
of cost. Weir, . . . . . . . . . . .. 45,50,280 

Total, .. . . 11 3,04,850 



this sum is for conveying 5,000 cubic feet of water per second from 
the Ganges to a point in the Cawnpore branch of the canal about 18 
miles below the Nanoon regulator. The whole cost of Major Crof- 
ton's scheme for remodelling the canal to carry the full supply down 
to this point does not amount to half this sum, it is therefore clear 
that the project cannot be recommended as a substitute in any way 
for his scheme. 

62. As an independent scheme for supplying additional water project as an inde- 
pendent nchsme. 

for the irrigation of new ground in the lower part of the Doab, the - 
cost of forming distributing channels and rajbuhas must be added to 
the estimate quoted above. The cost of the Cawnpore and Etawah 
branches of the Ganges canal, which pass about 8,500 cubic feet per 
second, will be about Rs. 29,00,000 ; taking the cost of passillg 5,000 
in the same proportion, the amount would be 42,00,000. The cost 
of the rajbuhas for the Ganges canal will be about 53,00,000, this is 
for distributing 6,750 cubic feet per second ; supposing the cost of 
distributing 5,000 to be in the same proportion, the rajbuhas for the 
Rajghat pr~jec t  would be 37,00,000, making the total cost, say 
1,92,00,000. 

63. The cost of the Ganges canal water is estimated by Major dy;f2~f~a~ 
Crofton at 4,740 Rs. per cubic foot per second passed through the head from theRajghat PD 

ject eompwd. 
.works ; this, however, includes the cost of navigation, for which a 
deduction of one:tenth may be made, making the cost for irrigation 
alone 4,260. The estimated cost per foot per second of the supply 

192'001000 = 3,840 Rs. per cubic foot per from Rajghat would be , ,,,, 
second, so that the water would be a little less expensive than that 
of the Ganges canal. 

64. The cost of clearing silt from a channel taken off from the Sit would be tron- 
bleaome, but other an- 

Ganges at a point so low down as this, must be much greater than ~%~gpene= would 

the cost of clearing a channel taken off at a point so near the hills as 
Hurdwar ; but, on the other hand, this channel would be much shorter 
than the Hurdwar line, and consequently it would require less repairs 
and less establishment, and would not probably on the whole be 
more exdensire to maintain. 

65; Again, supposing the quantity of land which may be irri- Re- on capital. 

gated by each cubic foot per second to be 200 acres, a result now 
attained on the Jumna canal-and one hoped to be attained on the 
Ganges canal-and suppose the value of water to be Rs. 2-8 per acre, 
which is about the average rate now charged on the Ganges canal, 
and that the profits be taken at Rs. 1-8 per acre, those of the Ganges 
canal in 1863-64 being Rs. 1-6 out of Rs. 2-4 ; the result would be a 
profit of 8 per cent on the capital. 

66. I t  must however be remembered that 5,000 feet per second n 2 z ~ p p " g y d  

cannot always be relied on at Rajghat. If  the Ganges canal were 
taking its full supply, that is about 3,000 feet per second more than 



was entering at  the time when the Ganges lneasurements above re- 
ferred to were made, two-thirds of 5,003 would be fully much as 
could be calculated upon, while such a limited supply would continue 
the profits would be reduced to about 5 per cent. 

Conclarion. 67. The Committee therefore conclude that- the project can 
not be considered a reasonably profitable one to undertake at  present ; 

, but i t  is not at a11 improbable that the value of water will rise, and 
that the quantity distributed per acre will be greatly reduced without 
any injury to the consumer, and if so, the project may be worthy of 
more careful examination s t  some future period. 

H E A D  WORKS ON THE JUMNA NEAR AGRA. 

River near Agra 68. The difference of level between low water at Agra and the 
high land is 61 feet, and the point at which water could be brought to 
the Etawah branch, allowing a fall on the channel of 6 inches per 
mile, is 116 miles from Agra, and within 87 miles of the termination 
of the branch. The Committee considered that on account of this 
great length of channel, and depth of cutting, and proximity to the 
termination of the present canal-beyond which are heavy drainages : 
further examination of that scheme was unnecessary. 

NEAR DELHI. 

River near Delhi- 69. The point on the Jumna which seems best adapted for head 
site we*1 works, and for the formation of a channel to bring the water on to the head works. 

land to be irrigated, is close to the village of Alee, about ten miles 
south of Delhi, and just opposite to the old fort of Toghlukabad. 
The selection of this site involves the necessity of building weirs 
across both the Jumna and the Hindun, but after having examined 
the river at  and below the point where the llindun joins, and also at. 
Alee, the Committee have no hesitation in recommending the latter as 
the best position for such works. The right bank of the river is 
remarkably firm and good, and the left bank is not particularly bad ; 
but the strongest recornmendative in favor of the site is the abundance 
of stone-both of rubble and of blocks,- almost completely dressed, 
which can be obtained from the old fort, opposite to and within a 
distance of three miles of the river bank at  Alee. Neither is the 
country on the left bank near the site unfavorable for the formation of 
a channel ; the water could be brought into the Ganges canal below 
Baroli bridge, about the 115th mile from Hurdwar, or to the surface 
of the ground where irrigation might be commenced, without any 
great depth of cutting, and by a length of fifty-seven or fifty-eight 
miles of channel. 

~ 1 4  ashuge 70. The information available regarding the flood discharge of 
Jumna add Hindae the Jumna is even less than in the case of the Ganges; indeed there is 



none to be found that can be safely relied upon. The railway engineers 
provided waterway of 2,400 feet in length at Delhi ; but this has as 
much reference to the width of the river tit that place as to the quantity 
of water to be passed through. An attempt has been made to calculate 
the discharge from a few isolated cross sections and the average fall, 
the results, however, have been so contradictory that they have been 
rejected as altogether untrdstworthy, and it has been assulned that, 
as the heads of the rivers Ganges and Jumna are situated near each 
other, and almost similarly circumstanced as to sources of supply, the 
flood and dry weather discharges probably bear about the same pro- 
portion to each other in the two rivers. In the absence of better 

1 1  I 

data, this mode of calculating has been adopted. The dry weather 
discharges of the Jumna is four-sevenths of that of the Ganges, the . I I 

latter at ~ a j ~ h ' a t  has been calculated at 300,000 cubic feet per second, ' 
---- -. - i 

four-sevenths of which or about 170,000, will be taken as the Jumna 
discharge. Regarding the Hindun, the railway engineers have por- 
vided a length of 440 feet of waterway across it, and as there is no. 
better means of calculating the discharge it will be taken in the same 
proportion to that of the Jumna, as the waterway of the bridges bear 
to each other ; this gives about 31,000 cubic feet per second as the 
flood discharge of the Hindun. 

71. Several measurements of the low water discharge of both Dry weather di* 
of Jumna and the Jumna and the' Hindun have been made. The register of the am. 

height of the former river kept by the Executive Engineer of 
Canals residing at Delhi shows, that as a general rule the water is 
lowest in January ; hence it is in that month that discharges are gene- 
rally taken. Information on this subject has been kindly furnished by 
the Resident Engineer of the railway, which is to the effect that the 
water was a3 low in April last as it was in December; but as his 
own registry shows that the river was higher in April, and as he 
accounts for the rise shown by his gauge by assuming merely, that 
the damming up of the river by the bridge works at Delhi, caused a 
rise of the water level equal to that shown by his gauge, the Com- 
mittee think that his information cannot well be relied upon; they 
prefer trusting to the readings of a gauge near De'lhi, regularly kept by 
canal officers, and removed from the influence of any changes of level 
caused by the bridge works. 

72. The dry season discharges of the Jumna at Delhi, and of the arw,mentofdry 

Hindun near its junction with the Jumna, were measured, as shown weather discharge. 

below and were found to be- 
JUMNA AT DELHI. 

Cubic feet per 
aecond . 

19th December, 1864. Lieut. Moncrieff, . . . . . . 955 
18th January, 1865. Sergt. Caernarton, . . . . .. 1,615 
19th December, 1865. Mr. Garbett, . . 4. . . 828 

3)33,576 -- 
Average diachargr, . . 1,125 



19th January, 1865. Sergt, CaernarSon, . . . . . . 357 
18th ,, 1866. Mr. Oarbett, .. . . . . . . 501 - 

2J858 

Average discbarge, . . 429 

making a total average low water discharge of the two rivers of 
1,554 cubic feet per second, or say 1,500, which will be taken as the 
dry weather supply available for irrigation. It will be observed that 
this is above the observed minimum supply, but the very low dis- 
charge cannot be of long duration. The measurement made in April 
last, when the river was considered to be low, gave Jumna 2,800, 
Hindun 500 = 8,300. There are other measurements,which although 
not taken at Delhi, go to show that 1,500 cubic feet per second is not 
too low for an average minimum supply. Sir Proby Cautley, in page 
43, of his Ganges Canal Report, Vol. I., makes the discharge at Agra 
8,061 cubic feet per second ; and Capt. Stewart made it 1,153, at the 
same place on the 19th January, 1865. Mr. Garbett made 5,004 at  
Delhi on the 19th January, 1866, but in the registry is noted rain on 
the hills," which of course renders the result useless as a minimum guide. 

web -lie Jam- 73. The design of weir which is considered best adapted for the 
1U. 

site is one in which the least quantity of brick-work and the greatest 
quantity of rough stone can be used, an abundance of the latter 
material being available at  a very low rate. It is not considered suffi- 
cient to build the foundation of dry rough stone alone, the leakage 
through such a base, unless it were of very great width, would be 
considerable, if not even large, and the sand forming the bed of the 
river being very fine, would pass through with even a small leakage, 
the rough stone base would then sink, and the masonry floor, and pro- 
bably the weir would be in great danger of breaking down. The form 
of section designed for Sookertal, has therefore been adopted, that is 
wells of moderate depth, protected by a large quantity of rough stone. 
The part of this report relating to Sookertal weir explains why such a 
section has been proposed there. I t  is proposed to raise the low water 
level 8 feet, 6 feet by a solid weir, and 2 by a moveable board. The 
length of the weir has been fixed at  2,500 feet, that being inabout the 
same proportion to the length of the Rajghat weir, as the floods of the 
Jumna at Delhi bear to those of the Ganges at Rajghat. Such a weir 
would pass the calculated floods with an afflux of about one and a 
half feet, and with a velocity over the crest of about 11 feet per 
second, and without causing much injury to the low land above it. 

74. As the river navigation past the weir ~hould be provided for, 
and as the proposed canal would be important as a line of navigation, 
two locks would be necessary, one to pass the weir, which should be 24 
feet wide, to allow the largest river boats to be locked, and one to pass 



through the canal, which as it is probable that through the canal 
entrance would be the best way of passing the river, may require 
to be of the same size. 

75. The right bank of the river is good, consisting of very sound P ~ o n o f b ~ k s .  

clay and kunker, the amount of protection required to i t  would there- 
fore be very small; but the left bank is of the usual sandy loamy 
nature, and would require nearly the same class of works, to protect it, 
as provided for the Rajghat project. 

76. For crossing the Hindun and taking in its dry weather water, dnp"ng the 

works similar to those used for passing the Rutmoo river in the Ganges 
canal would seem to answer very well, it  is quite possible however that 
a more careful examination may show that great modifications would be 
found desirable ; the Rutmoo is only adopted now as the best avail- 
able guitle in forming the estimate. The width of waterway provided 
by the Railway Engineers for their bridge over the Hindun must be 
sufficient for the passage required on the irrigation channel ; they allow 
MO feet. No lock has been provided for passing boats up, although i t  
is not certain that one might not ultimately be required. Both banks 
of the river are easily eroded, and will require considerable protection. 

77. As the cost of weirs across the Jumna and Hindun remains ~ ; w ~ ~ r ~ ~ ~ ;  

the same, whatever quantity of water may be taken pff by channels in r d  WP. 

connexion with them, it may be more desirable to take an addition to 
the low water supply, when the river affords it, for the irrigation of a 
Khureef crop, than to trust to the dry weather supply alone ; both views 
of the question will be briefly examined. 

78. Probably the best rule to be guided by in fixing the quantity B2*s qrk 

of water, above dry weather supply, which should be provided for in the a e n  for narreef 
crops. 

new channel, is to make i t  as large as is consistent with keeping it 
navigable a11 the year round by the low water supply of 1,500 cubic feet 
per second. The lowest depth which is desirable for this purpose is 
about 6 feet, and the greatest depth in the channel may be limited . 

to 10 feet, a maximum discharge of about 3,300 cubic feet per second 
will meet these conditions. 

79. The highest velocity which the weakest of the soil through. v elocity of water 
m new channel. 

which the channels would be cut, could bear, is 2.5 feet per second, 
and a lower velocity than this would rapidly deposit the silt, camed 
by the rivers of this part of the country, 2.5 may therefore be taken 
as the velocity for the maximum discharge when the water would 
be the most heavily laden with silt. When the discharge falls to the 
dry weather supply, the velocity would be only about 2 'feet per 
second ; but then the water would be comparatively clear, and hence 
the decrease of velocity would be of little consequence. 

80. The sectional area of channel required to discharge 3,300 ,O,";~$th,nel?d 
cubic feet per second, with a velocity of 2.5 feet per second, is 1,320 
square feet, and the fall required is about five and a half inches per 
mile. As in the Ganges projects, it is proposed to have the bed of 



the channel 2 feet under the present low water level of the river or 
10 feet under the crest of the regulating board of the weir, and fol- 
lowing the most favorable line of country, the water in the proposed 
canal could thus be brought to the surface in a distance of abou t  
58 miles from the river,-passing through the low land of the J u m n a  
and Hindun valleys for 19 miles, then through higher land i n  a 
cutting not exceeding 26 feet deep, and coming to the surface near 
the village of Baroli. - rurd coat 81. The rates for the earthwork have been taken from Bfajor project. 
Crofton's estimate for the alternative line of canal, and the estimate 
for the masonry works required has bee11 based on the same inforrna- 
tion; of course great accuracy is not professed, nor could i t  be 
attained without a detailed survey. The cost of this project would 
then be- 

Weir and works on the Jumna and Hindun, . . 17,00,000 
Channel, and all masonry works connected with if . . 54,00,000 

Total, . . 51,00,000 
~ o s t  of project if 82, I f  instead of providing a supply for Khureef watering, pro- 

for P ~ Y  on drq. Y. snp vision be made for carrying the dry weather supply of 1,500 cubic 
feet per second only, a channel large enough to carry it, having the 
same fall of 53 inches per mile, and a depth ,of 10 feet, would give 
a velocity of 2.4 .per second, which for the clear water of the dry 
weather would probably be enough ; a sectional area of 50 feet bottom 
width, and side slopes of 2 to 1, would carry rather more than the 
required quantity. The cost of bridging and crossing small rivers 
would also be greatly diminished, but the weir works would remain 
the same. The cost of this project would be 

Weir works, on the Jumna and Hinduo, . . -. I 7,00,000 
Channel, including all masonry works, &c., . . 18,65,791 

Total, .. 55,65,791 
 his, project was 83. I t  does not seem to have been contemplated either by Sir 

not meant as a aub- 
atitute for the ~ n c -  A. Cotton or by Government, that any work on the Jumna or on the 
tioned work of remo- 
delling. lower part of the Ganges should have been in any way substituted for 

the present line of tbe Ganges canal ; but it appears to the Committee 
that a few words may properly be introduced here on the subject be- 
fore examining the Jumna work as an independent project. 

~hoaing w it 84. I t  is evident that aid from the Jumna, could only be substi- 
hid not be sub- 
&ihMfor  themQ tuted for the improvement of the Ganges canal, as sanctioned by 
tioned wort Government, to the extent of the low water supply of that river. All 

the projection calculations, and all the calculations of the engineers 
who completed and worked the canal, are based on the supposition 
that it should have the full supply of 6,750 cubic feet per second during 
the whole dry season ; an additional supply thrown in when the rivers 
would not be a t  their lowest, would not compensate in any way for 
the loss of water in January, when there is a large demand for the 
irrigation of the Rubbee crops, and when a continuous supply for them 



is ab~olutely necessary. 1,500 feet per second is the full extent to 
which the Jumna at Dehli could afford aid, and consequently the sup- 
ply to be received through the upper part of the canal could only be 
diminished by that quantity. Now, there can be very little room for 
doubt that the difference between the cost of improving the canal to 
carry 6,750 feet, and that of improving it to carry 5,350 feet would be 
small; if the Engineers should be obliged to turn off' the water to 
carry out one project, they would certainly be obliged to turn it off to 
carry out the other, the difference of cost between, the two works 
could not exceed twenty per cent., and it is not at all likely that it 
would amouut to even so much. Major Crofton's estimate for remo- 
delling down to Nanoon, is about 35,00,000, one-fifth of which, or 
7,00,000, would be the probable gain by taking 1,500 feet from the 
Jumna, and 5,250 feet, instead of 6,750, from Hurdwar. But the cost of 
taking the 1,500 feet from the Jumna has been calculated at 36,50,000 
rupees, so that the question of cost alone seems to the Committee to 
afford the most ample grounds for adhering to the project for 
remodelling. 

85. But there are other reasons also. Adopting the Jumna scheme w$dpt&: ;?;: 
would be trusting to that which was not certain for that which may substituted for the 

sanctioned work. 
be considered tested and certain,-the feasibility of building and 
maintaining a weir across the Jumna is yet untried, and although 
there is no reasonable doubt but that it could be done, there is no 
certainty as to the time required to complete it, nor indeed as to the 
cost of the work. The quantity of silt which would be brought in 
by a head so low down the river is also an unsettled question, al- 
thbugh known to be a very important one. Then there would be the 
evil of delay,-the Jumna project could not be undertaken without , 

a careful examination, a detailed survey, and references for sanction ; 
so that it would most likely be a year, or perhaps more, before any 
works could be commenced, and three or four years before they 
could be finished. And, lastly, although there is no appearance of im- 
mediate failure in the works of the canal, it is not at all certain that 
they would remain in a safe state for even one year; indeed, the 
Committee have recorded their opinion in another part of this Re- 
port, that it is of great importance that the repairs should be taken 
in hand as soon as possible. They have no hesitation whatever 
therefore in coming to the conclusion, that a new head from the 
Jumna cannot be substituted-either as a temporary or permanent 
arrangement-for the sanctioned project for remodelling. 

86. If the work be adopted as a means of irrigating additional aa Pmject a work for considereil supply- 

land, of which there is plenty available to the south-west, the cost of i.g water to imgate 
additional land. 

making distributing channels and rrrjbuhas must be added to the 
estimate given above; but on the other hand, the water would be 
brought to the surface of the land to be irrigated by channels'at least 
10 miles sborter than those required to bring it to the canal. Consider- 

a 



ing it first as a projcct for taking 3,300 feet per second when so much 
can be had, the shortening of the channels would lessen the expense 
of the main line by about 4,00,000 Rs. Then in order to  make i t  
complete as a navigation channel, the main line should be connected 
with the Ganges canal, this would require 10 miles of still water na- 
vigation at, say 15,000 a mile = 1,50,000. Making the total cost 
for weir and main channels 4S,50,000. 

The cost of distribution channels and rajbuhas for the Cawn- 
pore and Etawah branches of the Ganges canal, which are to carry 
3,250 feet per second, is- 

Channels, . . . . . . . . . . . . 29,00,000 
Rajbuhas, . . . . . . . . . . . . 9.50,OOO a -- 

Total, . . . . .. 38,50,000 

This estimate would give a fair idea of the cost of distributing 
the 3,300 feet from the Jumna, if the whole were to be used for a 
Rubbee supply ; but as about half of it is for a Khureef supply, and 
as one foot per second used for Khureef, waters less than half the area 
which it would do if applied to Rubbee crops, it is evident that the 
distribution channels for a certain quantity of water used for Khureef 
watering, would be only about half the length of those required for the 
same quantity if used for Rubbee crops, and they would be only about 
two-thirds of the capacity. Now, as more than half the supply 
of the project under consideration is for Khureef watering, a deduc- 
tion of about one-sixth may be made from the cost of the Cawn- 
pore and Etawah branches, making the amount 38,50,000 - 4,83,000= 
33,67,000 ; which, added to the cost of main channels, give a total of 
82,17,000. 

Probable returns 87. The probable return from this outlay would be,-for Rubbee 
from capital. 

and Khureef crops, 1,500 cubic feet per second, at 200 acres per foot 
per second = 3,00,000 acres, at  a profit of 1-8 per acre (see note on 
Rajghat project) = 4,50,000. Again using the Cawnpore and Etawah 
branches of the Ganges canal as a guide, it is found that each cubic 
foot per second, waters under 60 acres of Khureef crop : but it '  is 
probable that in this instance all the water is not utilized. The  
returns of the Eastern Jumna canals for 1863-64, give 75 acres per 
foot per second as the quantity watered by the Khureef supply, using 
this as data, 1,800 cubic feet per second would water say 1,36,000 
acres. The profit per acre would be about the same as that already 
calculated for Rubbee crops, giving a return of 2,00,000, and mak- 
ing a total on the whole outlay of 6,50,000, or a little under 8 per 
cent., exclusive of retur~is from navigation, plantations, &c. 

Ijroject considered 88. If  the project be confined to the use of the dry weather 
as providing for a 
dry weather snpply supply of 1,500 cubic feet per second only, the result would be,- 
only. 

cost of bringing the water from the Jumna to the Ganges canal, as 



estimated above, 35,50,000 ; from which is to be deducted-cost of 
10 miles of channel, by which the line would be shortened by deliver- 
ing the water on the surface of the ground to be irrigated, 3,00,000, 
less the cost of 10 miles of navigation channel required to connect 
the irrigation channel with the Ganges canal, 1,50,000 = .35,50,000 - 
(3,00,000 - 1,50,000) = 34,00,000. The cost of distributing 1,610 
cubic feet per second on the Cawnpore branch of the Ganges canal is 
16,00,000, and the cost of rajbuhas for the same 5,50,000, making a 
total of 21,50,000. Taking the expenditure for distributing 1,500 to 
be in the same proportion, the cost would be 20,00,000 nearly, making 
the total cost 34,00,000 + 20,00,000 = 54,00,00C. Using the calcula- 
tion given above as to the value of the water, that is 1,500 cubic feet 
per second x 200 acres per cubic foot x 13 qs .  per acre profit = 
4,50,000 on an expenditure of 54,00,000 ; giving a return of about 8+ 
per cent., exclusive of returns from navigation, &c. From this it 
appears, that the project for taking in the dry weather supply only 
would be the more profitable. But further, the quantity of silt, which 
would be taken in by the Khureef supply when the river would be 
disturbed, and consequently muddy, would be very large, and without 
doubt must involve heavy additional expenditure for cleaning. 

89. On the above grounds, the Committee are of opinion that 
the project for taking, either 1,500 cubic feet per second, or 3,300 ophion of am- 

cubic feet per second from the Jumna, is well worthy of a detailed m'- 

examination, aa an independent scheme for the irrigation of land in 
the lower part of the Doab. 

90. They would, however, draw attention to the separate paper 
recorded by Mr. Sibley (Appendix A.), dissenting from the views of a, Si blnBIM nta. 

the majority, and advocating the formation of a canal from the Jumna 
at Toghlukabad, in substitution for Major Crofton's project. 

THE PRESENT CONDITION O F  THE GANGES CANAL, 
W I T H  REMARKS ON I T S  FAULTS AND UPON 

T H E  REMODELLING PROJECT. . 
91. So much has been said of the serious faults and inefficiency pmnt 

of this great work, that it has been a matter of some surprise to the -'la 

Committee to find that it has been carrying nearly two-thirds of its 
full supply during the past tweuty months ; and that the navigation, PollBupPbatRmr- 

though imperfect, has been going on without interruption during the kee, 6,760. supply 
maintained, 4,200 ca- 

s m e  period, during which the canal has not been closed for even a b'" f"t p 

single day. 
92. The canal has now been in operation for eleven years, and rnm irriga- 

tion, but velocity of though no outlay has been incurred for additional falls to lessen ,,-t 



the slope and velocity of current which have been found to  be mucll 
too great for the soil to bear, the area of irrigation has steadily 
increased. 

Cmmt "Sed to 93. Looked at  as an irrigation work, for which it was princi- ita fulleat capabiiitiss 
tiu MI work8 are in- pally intended, i t  has one very serious defect. The excessive slope creased. 

of the country is not sufficiently overcome by artificial masonry falls ; 
and, consequently, as already mentioned, the velocity of current is too 
great. The canal cannot therefore be used to its fullest capabilities 
till the fall works are increased. 

Navigationimpeded 94. Viewed with regard to navigation the velocity of current by velocity of current. 
is a great obstacle to traffic. The want of sufficient headway under 
bridges on the Ca wnpore Branch is also a serious disadvantage, as in 
carrying light and bulky cargo, boats are loaded to a great height 
above their decks. The insufficiency of headway is the more un- 
fortunate, as it would not have added much to the original cost of the 
works to have given 10 feet, as in all the large bridges on the main 
line. 

Ituperf~ction of ar- 95. The excessive velocity of current appears to have been fur- 
rangements in regola- 

of water ther increased by an imperfection 'in the arrangement for regulating' 4'p$ai,. the flow of water over the falls. They were originally designed of 
of greater width than the earthen channel, and in several separate 
chambers or compartments, the entrances to which were fitted with 
sleepers to admit of their being closed for repairs. But when the 
canal was first brought into operation, and all the works were new 
and in good repair, the stream was permitted to pass through all the 
compartments, and its velocity as it approached the falls was thus 
accelerated. No evil would have resulted from this if the soil had 
been firm, but i t  was too soft to bear the rapid current. 

Delay in ~pplying 96. The canal authorities do not appear to have been fully 
remedy. 

aware till too late that the current was so much too rapid, and that i t  
was steadily working upon the bed, and causing a retrogression of 
levels below each set of falls. What principally engrossed attention 
at  first was the construction of minor distributing channels, and es- 
pecially the arrangements for giving the water to the cultivators by 
measurement, the importance of which was certainly not over esti- 
mated. The canal, moreover, had only been in operation two years, 
when the district which i t  traversed became the sceae of the mutinies, 
and Europeans of all ranks were compelled to leave their ordinary 
duties. The mutinies, and the unsettled state of sffairs which im- 
mediately followed, were hardly over when this same part of the coun- 
try was striken with famine, and the whole attention of the canal 
department was given to distributing the water to tide over the 
calamity ; minor channels were pushed on in every direction with %he 
utmost possible rapidity, and as much water as could be distributed 
was thrown into the canal. 

97. Thus great delay occurred in reducing the waterway at  the 



falls; and when at  length the urgent necessity of doing so became 
apparent, further delay occurred in carrying the necessary arrangement 
into effect, from the sleepers, which are 25 feet in length, giving way. 
I t  was not till 1862 that the waterway was effectually reduced, and Thedelay incrensed 

the difficulty of np- 
by that time so much retrogression of level had taken place that it plying n rernr8ly. 

became impossible to apply means, which at an earlier stage would 
have been feasible. Whether at  first it would have been quite 
safe to have completely closed several of the fall compartments, and 
have passed the water through the remainder with an increased depth, 
cannot now be decided; but there is no doubt that by delay the 
cushion of water on the floorings had become so much reduced that 
such a plan could not be attempted, and the expedient was adopted 
of partially closing all the compartments and distributing the water 
equally over them. This arrangement however in obviating one 
difficulty led to another. The water instead of gliding over the ogee 
descent in the manner intended, fell suddenly upon it from an in- 
creased height, and exposed the masonry to an action i t  was never 
designed to bear. 

98. The parts of the works which suffered most from the retro- Injnv t, theworks 
fmn aerere action of gression of levels were the floorings under the falls. The water now 

fell from an increased height upon the mabonry itself instead of into 
a cushion of water, and the action thus intensified tore up the brick- 
work wherever i t  happened not to he of the very best quality, as was 
the caee at  the Mahmudpoor, and some other falls below Roorkee. 
Above Roorkee, as well as in other parts of the canal, the brickwork, 
though requiring occasional repair, has not suffered seriously. 

99. Another evil which the retrogression of level caused was the 
greatly increased velocity with which the water escaped from the 
floorings into the earthen section of the canal below. Instead of 
flowing off with a moderate velocity, it made a rapid shoot and scooped 
deep holes in the soft soil where the protective boulder crib work 
terminated, an effect which was increased by the direction given to  
the wing walls at some of the falls. Thus the whole of the masonry 
work was endangered. An accident was only prevented by the crib 
work with which the foundations had been protected, and which ac- 
commodated itself to the change in the levcl of the canal bed without 
permitting the foundations to be completely exposed. 

100. Various expedients were adopted by the canal officers to Expcdientaado tea 
to remedy cvil oP rc- mitigate the evils caused by the retrosresion of levels. Small rough -ion ,f 1,,,1, 

supplementary weirs were thrown across the floorings to hold up the 
water and thus obtain a " cushion" under the falls, and other rough 
weirs were carried across the canal at  a distance of about 100 yards 
below the tails of the floorings, to head up the water and diminish the 
plunge over the crib work into the soil excavation. None of this 
work was of a permanent character, but i t  has enabled the canal offi- 
cers to keep the canal steadily ruuning with two-thirdsof its full supply. 

I 



I n i w  101. At the road bridges also the retrogression had an injurious 
br ide+  prevented hy 
p-xlnz fdmIWIL- effect, but this was remedied partly by the crib work with which their 
tirm with w e r s  

floorings had been originally protected, and partly by adding loose 
boulders. 

Erpedienta-~taf 102, Since these expedients were adopted there has been no  
prtvc-nbd forther 

m, bat further serious damage, and the deep holes which had been formed 
'on nrrt J- 

z k t d  near the masonry works have to some extent silted up ; but that re- 
trogression is still going on, was evidenced by the state of the water 
a t  different points along the canal at  the time the Committee examined 
it. This view is concurred in by Colonel Dyas, who in reply to a 
question from the Committee, writes as follows :- 

" As to the bed (of the canal) erosion is no doubt going on in 
many places, inasmuch as during the cold weather, when the water 
coming in from the Ganges river through the Myapoor regulator (the 
head of the canal) is almost quite clear, the water in the canal gradu- 
ally becomes very muddy. But a comparison of cross sections of the 
canal bed, which 1 have lately had taken at  every mile along the 
canal, with similar sections taken by Major Crofton in 1864, shows 
that no dangerous action is going on at  present." 

FJIS still e x ~ d  103. The falls, moreover, notwithstanding all the expedients 
to mold riolent action. 

that have been applied, are still exposed to a most violent action, 
which the brickwork was not designed to bear, and it is impossible 
to predicate how soon some accident may necessitate the sudden clos- 
ing of the canal and the destruction of the crops dependent upon it. 
The Committee were anxious to have had the canal laid dry to enable 
them to closely examine the masonry works, but such strong objec- 
tions were urged against it by the canal officers, on account of the 
time it would occupy and the injury to crops which required constant 
watering, but more especially on account of the injury which might 
be caused to the floorings of the falls when the depth was reduced, 
both when shutting off the water and re:admitting .it again, that the 
point was not pressed. With respect to the condition of these works, 
Colonel Dyas replied to the Committee as follows :-- 

" As to the falls in the Northern division (from Myapoor to 
, Jaoli) the extent of damage done (during the past twenty months), 

as far as can be ascertained by careful sounding and probing, consists 
of a slight displacement of crib work battens. In  the Meerut division 
two falls have been slightly injured, but not sufficiently so to war- 
rant a closure of the canal for the purpose of repairing them. T h e  
Chitoura fall (55 miles 4976 feet) has had part of the ogee in No. 3 
bay ripped out, and that bay is kept closed in consequence, to pre- 
vent further damage ; and the Sulawur fall (67 miles 2350 feet), has 
had two of the hammer-dressed Delhi stones in flooring of No. 3 bay, 
lifted out and turned over. This occurred in September 1864, and 
the stones have not moved since. The bridges are all secure." 
Colonel Dyas' report is on the whole a favorable one ; but it is evident 



to the Committee, as it is to all the canal officers, that the falls are 
still in danger, and that no time should be lost in taking steps to 
render them secure. 

104. The navigation on the Ganges canal has always been Navigation imper- 

necesearily imperfect from the great velocity of current which in the fect. 

main canal was intended to be from 2+ to 23 miles per hour ; and in 
addition to this obstacle the retrogression of levels, and the consequent 
necessity for limiting the depth of water admitted into the canal has 
acted most injuriously. The lock channels, instead of having a depth 
of 9 or 10 feet of water in them, and a width at water line of 43 to 46 
feet, have had barely enough water below the locks to float boats of 
light draught, and a width at  water line of only about 28 feet, the 
width at  bottom being 16 feet. This very limited capacity of channel 
has of course delayed the introduction of large boats, and has led to 
frequent interruption when silt accumulated. The shortness of water 
supply in the canal morever necessitated the alternate closing of the 
Cawnpore and Etawah branches to distribute the water for irrigation, 
and thus the navigation oli the former which connects the main canal 
with the river Ganges has occasionally been completely closed. Under 
all these circumstances it is not surprising that the navigation has not 
increased satisfactorily. 

105. The Committee may remark here that the present lock mhela. 

channels would probably work efficiently if the eroding action of the 
stream in the main canal were less, and if the valves at  the locks 
were larger to admit of more effectual scouring. But where new 
locks have to be constructed, they think that attaching them to the 
falls, as in Major Crofton's project, is a great improvement. 

REMARKS O N  T H E  REMODELLING PROJECT. 

106. In  correcting the great fault of the canal, or " remodelling" nomy-me Importance of of eco- the 

it as it has been termed, an expression which however is apt to lead changes onnecessarily 
expensive. 

to a somewhat erroneous impression of the measures required, the 
Committee remark that while on a work like this, of almost a na- 
tional character, they would not expect to see such rigid restriction of 
expenditure to works of absolute necessity as is generally practised 
in the constrliction of ordinary irrigation canals, yet at the same 
time, considering how important it is both for the reputation of the 
Ganges canal itself, as well as for the interests of ~ t h e r  large irriga- 
tion projects in other parts of India (whose execution is supposed to 
be delayed on account of uncertainty as to their financial success), 
that economy as well as efficiency should be studied, they cannot but 
regard some of the changes provided in the remodelling project 'as 
unnecessarily expensive, and they would therefore suggest that the 
following points be carefully reconsidered :- 



The pent 107. The Excuvath.-It appears that the effect of the retro- of the crow section 
need not be gression of levels has been to deepen the canal in the reaches between and requisite capacity 
to beobtained b r a i ~  each set of falls, and in the remodelling i t  is proposed to alter the shape ing m t s  of f a d .  

of the section by widening i t  and filling in the bed where ma erial is 
furniehed from the widening, and trusting to the deep spots x& UP 
where material for filling is not available. Now, however desikble i t  
would be in designing a new work to adopt a shallower section, i t  
can hardly be necessary to alter an existing work to give it that pre- 
cise form. The cost of the excavation from the head of the canal t o  
Jaoli falls is estimated at upwards of four lakhs of rupees, and it is 
apparent to the Committee that by slightly raising each set of falls, so 
as to reduce the surface slope by about one inch per mile, the pre- 
sent excavation will generally answer, and a considerable outlay will 
be saved. 

Grating at ~ n n k ~ i  108. Graliw and lock cat Kunktd bridge.-These are estimated 
brid .e objectionable, 
nndkock unnecege8ry. over Rs. 30,000, and may well be omitted. The sunken grating 

in almost a perpendicular position seems to be actually objection- 
able, and the lock with its attendant working expenses, can hardly 
be required to meet the contingency of a boat passing up the stream 
3t a time when there might be only a small supply of water in the 
canal. I t  will always be necessary to maintain a large volume in the 
canal, and supposing a boat to arrive at  Kunkul, when there might 
accidentally happen to be a small supply, the acceleration of the cur- 
rent at  the bridge could be checked by partially closing the cornpart- 
ments of the falls three miles below, especially if instead of giving the 
bed of the canal a sudden drop below the bridge, the change from the 
small to the large section be made gradual. 

New fall and lock 109. New /all and lock at Roorkee.-It appears to the Commit- 
st IZoorkee may be 
dispensed with. ob- tee that by pitching the bed of the Solani aqueduct (earthen portion) 
jection to increasing 
depth of water on SO- and securing the floorings of the bridges a t  Rutmoo, Peeran Kullier 
lnni nqncduct. 

I'mtection of C U U ~ ~  and Mahewar, the new fall and lock may be dispensed with, andosome 
bed. reduction in the expense effected. But they also object to the pro- 

posed falls on other grounds. The Solani aqueduct was designed to 
carry a stream 10 feet in depth and if the falls are constructed this will 
be increased to nearly 13 feet. The Committee do not doubt that the 
aqueduct can be made to carry the increased depth, but sufficient pro- 
vision is uot made in the estimate for this, and as the expense will 
be heavy to render the work perfectly secure from accident, and 
there is already percolation through the brickwork of the masonry 
aqueduct which must in time do harm, they would prefer retaining 
the designed depth of water in place of increasing i t  to nearly 13 feet. 

Reduction of ~l0pe  110. With respect to the reduction of the velocity of current 
below nquetl~~ct to be 
.&,led by niaing from the aqueduct down to the Asuffnugger falls, it will be necessary 
Asuffnuggr falls. to raise those falls slightly; but this will not be attended with any 

difficulty, and it will have the effect of saving a large quantity of 
excavation in the manner ii~dicated in a previous paragraph. 



11 1. Additional arch to inereme the waterway under bridges.- b f i ~ ~ ~ ~ b ~ f ~ b ~  

This does not appear to be absolutely necessary. All the bridges have 
already been subjected to a very severe test from the retrogression of 
levels, and the boulder protection to the flooriugs has been increased. 
When the floorings are lowered to suit the altered bed level of the 
canal, the waterway will be increased, and the velocity of current 
will not, the Committee cansider, be too great. I f  the wide section 
proposed in the remodelling be adopted, the omission of the additional 
arch will only increase the velocity from 14 to I# miles per hour, and 
this only for a few yards. If the deeper section recommended in para. 
107 of this Keport, be adopted, the inc~ease of velocity will be even 
less. 

112. Before leaving the subject of the works provided in the n U ~ ~ " , ; " $ , ~ ~  

remodelling estimate, the Committee would make some observa- canal for a year, and 
modification of floor- 

tions on the question of closing the canal for a long period to admit '"@ 
ff"'h 

g a d  
of the works being executed. In  Major Crofton's report the estimate 
of loss from closure amounts to Rs. 13,48,213; but owing to the ex- 
tension of the irrigation eince that estimate was made, and to the 
increase in the water-rate levied, it appears that the loss from a long 
closure now would probably amount to upwards of twenty lakhs of 
rupees. 

The Committee are sanguine, however, that the works can be 
executed without a long closure, especially if the details of the floor- 
ings of the new falln are modified, With the view of obtaining a deeper 
cushion of water over the floorings, Major Crofton has placed them 
at about 4 feet below the bed of the canal, and a t  this depth a cover- 
ing of brick-on-edge is considered by him suficient to resist the 
action of the water. The advantage of the deep cushion is probably 
not over-rated, but placing the flooring at so low a level will cause 
great delay for unwatering or forming cofferdams, and as the loss 
from long closure will be very heavy, the Committee would recom- 
mend that the deep cistern be omitted, and that the flooring be 
placed at the level of the canal bed, and covered with Bhurtpore 
dressed stone, 15 inches in thickness ; and they would remark that, 
though the stone is very expensive, there is this great advantage in 
the arrangement that, whenever repairs may be required to a floor- 
ing placed at the level of the bed of the canal, they can be readily 
executed, because directly the canal's supply is shut off the floor- 
ings would be exposed to view. With the aid of the gratings which 
the Committee understand Colonel Dyas has contrived with com- 
plete success on the Baree Doab canal, for breaking the water as 
it begins to fall, the Committee consider that the modification they 
.recommend will be found to answer well. 

113. Supposing that the works can be executed during t ~ o , ~ ~ ~ ~ ~ ~ ~ ~ ~  
short closures of about 33 months each, the loss of revenue would be claors* 

comparatively tri0ing. From information furniehed by Colonel Dyas, 



the Committee have approximately* estimated it a t  Rs. 350,000 for - - 

each closure, on the supposition that the crops which must be stopped 
are iiot replaced by others which can be watered at some other period 
of the year when there is an abundant supply in the canal. If other 
crops be substituted, the loss during each closure would only amount 
to about Rs. 150,000.f- 

114. The Committee believe that two such closures will be 
found sufficient to complete all the work up to water line, and they 
would point to the cases of the upper and lower Coleroon anicuts, 
and the Gunnarum aqueduct in Southern India,:: each of which was 
commenced and completed in one dry season, as instances of wlhat 
may be done in speedily executing hydraulic works. 

Flltnre improve- 115. The Committee would now draw attention to some points 
ments. 

affecting both the nxvigation and irrigation which seem to call for 
. conllideration as measures of future improvement. 

[ m r p  proportion of 
artificial to natural 

1 16. Y'hc hrgs proporlwa of " arl$cial" 5 to " naluraljhw " 11 
flow irrigation on the irrigation on the Campore and Etawab Irranches.-There is a consi- 
Cawnporc and Eta- 
=ah branches. derable loss of revenue on this account on the two branches, but  

whether this is caused by tlie smallness of the supply of water which 
keeps the surface a t  too low a level; by the levels of the c o ~ ~ n t r y  
being unfavorable for the cross distributing chanriels ; by a faulty 
alignment of those channels; or from the excavation of the canals 
themselves being unnecessarily .deep ; the Committee have not ascer- 
tained. A great part of the Cawnpore branch appears to be in light 
excavation. The Etawah brancha is generally deeper. The  cross 
channels or rajbuhas are said to be badly laid out, slid to work very 
imperfectly. However this may be the subject demands careful 
attention, and if it should be found necessary to introduce weirs a t  
intervals to bring the water up to a higher level at certain spots, i t  
would be desirable to make allowarice for such alterations in level 
where the headway under the bridges is increased for navigation, 
otherwise it  may be necessary to alter the bridges a second time. 
The introduction of weirs would be advantageous as affording the 
means ot more efficiently controlling and distributing the water on 

The Committee applied to Colonel Dyaa for an estimate of the hss, but have been disappointed in 
not receiving it. Since the Committees' Report was drawn out, Colonel Dyas baa written d e m i - o B c i ~ l l ~  
as follows :-" I have been disappointed about the information I wrote for to enable me to 
the loss that would be incurrcd by closing the cnnal in March, April and Mny, and I fear when i t  d m  
come i t  will bc too late to be of nae to the C!mmittce, 8 0  I think yon had better go upon the estimate yon 
drew np, and which is founded on the latest information I haw. I should be very much obliged by 
sending me a copy of it. I will write again if the information I have written for comes soon ; bnt 
don't wait for it." 

t The Committee observe, vide Revenue Report, dnted 4th hfarch, 1864, that the loas sustained daring 
a three ~nouths closure in 1862-63, amonnted to Hs, 2,25,680. The closure was necessitated by an i n j n y  
to one of the falls, and task place at  an unfortunate period of the year, while the Rnbbee irrigation was at 
its height. 

f All of thcsr works are on wcl! fonndntions. 
4 Artificial, i. e., sided by rpnchinery. 
11 Sntural flow, i. e., hy gravitation. 
7 Avcrnge depth of rxcnvation in Cnmpore brunch is 4.82 fcct for the first 120 miles ; average depth 

in Etawah branch for the same length is 6.66 feet. The water ia 6 feat deep in both casea. 



35 . 

these long branch lines, and would also benefit the navigation by 
reducing the velocity of current. These are additional reasons for 
an investigation of the question by the canal officers. I t  may be 
found possible to improve the irrigation by extending the distributing 
channels till they command more low land. 

117. Want of sufic.ent waterway a t  terniinw of Cawnpore Casnpon branch 
to be enlarged at ita branch.-This branch is too narrow near its terminus to allow of the terminnr. . 

largest class of boats passing each other, but this may easily be cor- 
rected by enlarging the canal from 10 to 27 feet bottom width from 
the 159th mile, and making it still water navigation from the 164th 
mile to Cawnpore, a distance of 5: miles; arrangements will of course 
be necessary at  the commencement of the still water canal to lead off 
for irrigation the volume of water which is brought down to that 
spot by the flowing canal. The  silting and growth of weeds which 
are likely to occur in the still water must be accepted as unavoidable,' 
but as the length is short there will be no serious diEculty in main- 
taitling the canal in good order. 

118. Tk Etawah branch.-The headway under bridges on this E ~ S W ~ ~  branch to 
have its navigation branch is insufficient and should be increased, the tail should be lock- improved as recom- 
mended for Cawnpon ed down to the Jumna with still water navigation, arranged as re- 

commended for the Cawnpore branch. 
119. Croaa canals Jor navigation.-At present boats have to short cross -nair 

make a long circuit to get across from one canal to another, this for navigation to con- 
nect main canals with 
each other, and with should be provided for by constructing short cross lines ; similar lines hportant 

should also be formed to connect important places like Meerut, 
Bulundshuhr, Coel, &c., with the main lines, as the requirenlents of 
trade may indicate. 

120. l'he width of docks.-This question seems to demand some of lock 
remark from the Committee, as it has been proposed to go to some ?,cOmidered la- 

expense to obtain 20 feet in width. The  existing locks are 16 wide, and 
after careful discussion the conclusion arrived at  is, that this dimen- 
sion is sufficient. The  depth of water generally in the, canal is so 
great that there could be no objection to the use of screw propellers 
if steam navigation should appear profitable: the stern wheel also 
could be used. Moreover, locks of 20 feet width would still be too 
small for side paddle steamers except of a very small class. 

121. Kew branch canal from Roorkee to Deobunr/.-The con- Brar,ch canal for 

struction of this work has been under consideration for some years, ~ ~ g ~ O ~ ~ ~ ~ ~ ~ :  

but the shortness of supply in the main canal has of course hitherto cO-end* 

kept it in abeyance. In  Colonel Turnbull's Canal Revenue Report 
of 1861-62, Mr. Login's opinion on the result of the survey is ,men- 
tioned as most favorable. The  Committee have also received the 
opinion of Mr. Williams, the Co~nmissioner of Meerut, who strongly 
advocates the carrying out of the project for protecting the district 
through which it will pass, against famine, and for more equally 
distributing the benefit of canal irrigation throughout t h e  country, 



the Deobund district being most unfortunately circumstanced as 
regards water, which is only obtainable at  present from very deep 
wells. The line which this branch will follow corresponds with 
that recommended by Sir Proby Cautley as the alternative line, and 
the Committee think that the time has arrived for turning attention 
to it. 

short periodical 122. Periodical closure of canal.-In so large a work depen- 
dwnre of canal re- 
commended for ex- dent on many masonry structures of a difficult nature, a short an- 

* 

unination end repair 
of work nual closure would be desirable to admit of everything being closely 

examined, and repaired if necessary. The canal officers will of course 
be able to decide upon the best period for such closures, as they 
know during which portion of the season the demand for water is 
least. If the plan of making a periodical closure is carried out, 
the cultivators will probably soon learn to store a small quantity 
of water near their fields to continue the irrigation till the canal is 
re-opened. 

PROPOSED WEIR ACROSS THE GANGES AT 
HURDWAR. 

Importmceofaper- 123. The importance of gaining a control over the Ganges at 
mlrnent weir at Hur- 
awar g e n e d j  re- Hurdwar by means of a masonry weir across the channel has been 
cognized. generally recognized. There is no difficulty however in throwing in 

the supply at present required by the canal, namely 5,000 cubic feet 
per second, and the expense has not increased to the extent that was 
anticipated by the late Colonel Turnbull. During the last four yean 
the outlay incurred on the shingle bunds, or temporary dams, for di- 
verting the supply from the river to the canal has amounted to 60,702, 
or 15,175 rupees per annum. 

Nothmvern- 124. If 5,000 cubic feet per second were to be the full supply 
lary for the pnwent 

of *e ,.d. of the canal, .the Committee would not advocate the construction of 
a permanent weir across the Ganges. The expense of keeping such 
a work in repair would not certainly be less than 5,000 rupees per an- 
num; 10,175 rupees would therefore be saved in maintenance, and 
allowing even that the expense of raising the bunds should increase so 
as to niake the saving 15,000 rupees per annum, this would represent 
a capital of Rs. 300,000, and a perinanent weir across the Ganges could 
not be built for that amount. 

Temporary bun& 125. I t  is true that although there is no dificulty in throwing 
rarely necessary dur- 
iogmo-n m0nt.b~. 5,000 cubic feet per second into the canal during the dry season, 

there is the possibility of the river falling so low during some of the 
rainy months, as to render it necessary to have recourse to bunds 
even at that season; which was the case during the famine year of 
1860-61, and the inefficiency of the temporary arrangements during the 
monsoon months, has afforded the strongest argument that has hitherte 
been brought forward for the construction of permanent worka. 



126. But the Executive Officers have now a much more ex-_z?Sfe"gfE$ 
tended experience of the management of tile river, than they had up to"chamntinpencp. 

to the famine year; and the Committee consider that with the good 
management which may be expected, there ought to be no difficulty 
in feeding the canal during the monsoon. They believe that the 
failure duriog the famine year has been exaggerated. For a great part 
of that year, the whole supply of the river was turned into the canal, 
and the revenue returns were more than double those of the pre- 
vious year; but the fact of 73 acres only having been irrigated per 
cubic foot of water admitted into the canal, while at present upwards 
of 140 are irrigated by the same quantity, indicates that the great 
want of the famine year, so far as the canal was concerned, was the 
means of distributing the water. The rajbuhas were then in their 
ipfancy, and without a proper proportion of them, it would have been 
useless to increase the supply from the river. 

137. When the full supply of 7,000 cubic feet per second has With full supply 
in canal connidemblo 

to be thrown into the canal, the construction of a weir becomes more lose wabr by i d -  
age through Bmpo- necessary than with a supply of 5,000 cubic feet. Sir Proby Cautley's rary bunda, and ma- 

estimate of the minimum discharge of the Ganges is over-rated; at  sonry weir necessary. 

times it falls considerably below 7,000 cubic feet per second. With 
shingle bunds there must always be considerable leakage, and at  such 
times, the loss thereby occasioned might seriously affect the effi- 
ciency of the canal. The Committee look upon this as the most 
important argument in favor of a masonry weir, but they may add 
that it is very desirable that both Europeans and Natives should 
be saved from the exposure and sickness which they have to undergo 
in the construction of the temporary buuds during the most un- 
healthy time of the year. 

118. Several projects for a weir have already been before Go- Design for weir 

vernment, but none of them have met with acceptance. ~o lone l  Dyas left to calonel Dym. 

was about to enter upon the subject, and was having detailed surveys 
prepared, when the Committee was ordered to assemble; but not 
knowing that the question of a weir at Hurdwar would occupy their 
attention, he removed the officer who was surveying there to employ 
him on a survey of the Khadir land between Sookertal and Gur- 
muktesur ; some further measurements are therefore required before 
Colonel Dyas can submit a plan and estimate for a weir to Government. 
The Committee are not prepared to furnish a detailed plan, which 
would require a more comprehensive knowledge of the locality than 
they have had the means of acquiring. 

* 



ObaerTations On 129. Having in the foregoing Reports stated their views and mattem of secondary 
importance. opinions on the principal points connected with the subject referred 

to them, the Committee proceed to offer some observations on 
matters, which, though of secondary importance, will not, they trust, 
be considered irrelevant to the complete elucidation of the state and 
prospects of the Ganges canal. 

STONE FROM T H E  SEWALIK H I L L S  AND HIMA- 
LAYAS FOR T H E  CANAL. WORKS. 

Good stone only 
procnrnble in small 

130. With respect to the use of stone from the Sewalik hills 
quantities from die- at Hurdwar, and elsewhere on the canal, the Committee having 
ferent places in the 
Sewalik hills, and made the most careful enquiries, and to some extent, inspection of 
the search for stone 
in tho Himalayan hi- the localities, are satisfied that although stone of good quality may be 
therto unsatisfnctory. 

obtained in small quantities scattered over .the hills, yet there is 
apparently no single spot where quarries can be opened with the 
prospect of an abundant supply being met with, and that as regards 
the main Himalayas, they find that the search for stone has hitherto 
proved equally unsatisfactory in its result. 

Further m d  more 131. The Committee are however convinced that the canal offi- 
extended search m 

. commended. cers have used their best endeavors to obtain stone of suitable 
quality for the works, and beg to refer to the following replies from 
the Chief Engineer of Irrigation to queries put by them on the 
subject. They however think that the search on the main Himalayas 
should be extended when the weather will admit of its being done 
more carefully than i t  could be at  this season ; and also that a quarry 
on a more extended scale than any which the Committee have seen 
should be opened at Hurdwar. 

R B ~ I J  to Commit- 132. Replies to questiolls in Colonel Lawford's letter of yes- 
tee'a enquiry. 

terday. 
Qwstion What was the result of the search made for stone 

a t  Hurdwar and in the Sewaliks in the neighbourhood, stating cost 
of Quarrying, 

6L  Dressing, 
" Leading to canals, 
" Making roads, 
cc Superintendence." 

Reply.-The report made in para. 13 of my letter 4,293, dated 
23rd November, 1864, which was printed with Captain Crofton's Report 
on the Ganges canal is correct, viz. : " The quantity of serviceable 
stone to be had at  any one place is very small, and there are not very 



many places within easy reach of the works or of water carriage 
where i t  can be had. 

"The places where fair stone was found were soou worked out, 
and operations had to be closed on the 31st August, 1865, when 51,496 
cubic feet of stone had been landed, at a cost of 51,455 rupees, say 
one cubic foot per rupee. 

The following is a tolerably accurate approximation to the de- 
tails of cost :- 

B8. L P. 

Quarry and leading to carts, . . . . . . .. 0 3 6 
Dressing, . . . . . . . . . . .. 0 3 0 

Leading to canal. with loading and unloading, . . .. 0 5 6 
Making roads, . . . . . . . . . . .. 0 2 0 

Establishment and tools, . . . . . . . . .. 0 2 0 

Total per cubic foot, rupees, . . . . .. 1 0  0 

" The stone is of very unequal quality and very uncertain ; thus, 
part of the same block may be good hard stone and the rest so friable 
that i t  can be rubbed into sand with the fingers. The particles of 
sand are held together merely by infiltration of lime which partially 
dissolves in water, so that, after 60 hours' immersion the stone will 
bear only half the crushing weight which it will bear when dry. 

" Dividing the stone landed into three classes-fair, middling ande 
bad-I find that the crushing weight of each in Bs. per square inch, 
was as follows :- 

"The following is the result of similar experiments on our 
bricks. 

C k .  

Fair. . . . . . . ., i .  

Middling, . . . . . . . . . 
Bad, . . ... . . . . . . 

" The crushing weight for jamah, wet or dry, is 8,180, and for 
Dehli quartzite, 16,480." 

I have already shown the details of these experiments, and the 
crushed specimens thepselves to (I think) all the Members of the 
Committee, 

Clace. 

Best, .. . . . . . . . 
Seconds, .. . . . . . . . . 

5,511 

5,566 

5,003 

2,764 

1,879 

1,447 

ib8. 

3,000 

1,932 

- 

ma. 
&ooO 

1,288 



&ueation 2.-'' Has any search been made for stone in the main 
Himalayas in the neighbourbood of Luchmun Jhoola, or elsewhere, 
and if so the result ?"  

Rqly.--"There are now no European officers here who can 
give information concerning matters of ancient date, nor have I been 
able to find in the records of this office any report of explorations 
made beyond the Sewaliks. But I have ascertained from the old 
mistrees employed on the works that the country up to and beyond 
Luchmun Jhoola was often in vai11 explored for stone. I n  1862, 
Professor H. B. Medlicott was employed in exploring, with Mr. 
Login, but I can find no other report of his than may be gathered 
from the printed ~nemoirs of the Geological Survey of India, Vol. III., 
Part  2. 

" Lately, at my request, Mr. Kelly has examined the valley of 
the Ganges and the streams which run into it on both sides as far 
as the stream above Tupobun, but he has not found anything worth 
quarrying. H e  reports that the sandstone about Rikheekes is much 
the same as the sandstone of the Sewaliks, that the black shale which 
underlies the limestone is in thin layers, that the limestone itself flies 
to pieces under the hammer, and that the slate is only to be had in 
small thin pieces. 

" On Mr. Kelly's return with this report I requested him to offer 
a liberal reward to any one who would point out a place where good 
hard stone was to be had in silil, and he has men employed in explor- 
ing. H e  is now in all probability before the Committee, as I request- 
ed him to call on them and to communicate all his information per- 
sonally. 

"1 have now the honor to inform you, that Mr. Kelly has made 
a further examination of the ground, this time on the left bank of the 
Ganges, up the La1 Nuddee, opposite Ghora Ghat; his men having 
brought in a good specimen of limestone from that locality. 

"I regret to say that Mr. Kelly has ascertained that the sample 
stone was a boulder merely carried down possibly from some other 
locality. H e  describes the rock in situ as a ' very hard tough stone, 
well suited for coarse rubble masonry, but not for dressing, as the 
beds are very irregular and the joints run in every direction.' H e  
adds, that 'possibly an odd stone might turn out in quarrying down 
a cliff,' and that 'there are lots of shapeless masses of stone in the 
ravine hard enough for anything, but all intersected with false joints, 
so that they cannot be split up straight, and being in scattered blocks, 
the carriage would be very expensive.' H e  does not think that a 
stone of 4 cubic feet when dressed could be found there ; and his men, 
whom he has out on search, with the incentive of Rs. 100 reward 
before them, all say that at and above Rikheekes nothing capable 
of being dressed has been met with. 

I may add, that although I considered Mr. Kelly's report 



to be conclusive as regards the localities examined by him; and 
although the prospect of finding good stone within a moderate dis- 
tance of Hurdwar appears to be remote ; yet, the search for it shall 
not be abandoned." 

Question 3.-" The Committee are anxious to have a copy of Pro- 
fessor Medlicott9s Report, if it can be found." 

Reply.-" Memoirs of the Geological Survey of India, Vol. III., 
Pa r t  2, sent by to-day's post." # 

Professor Medlicott states (page 176) " that stone fitted for orna- 
mental or monumental purposes might be found among the thick 
bedded hard limestone of the " Krol group." 'Of this group the belt of 
limestone and slate which crosses the Ganges between Rikheekes and 
the stream beyond Tupobun, would appear to be the continuation ; 
i t  seems strange though, and i t  is most disappointing that no vein of 
good hard stone should be found in such g locality. But as Mr. 
Kelly has remarked, if there were any veins of hard stone they would 
probably have contributed good hard boulders of fair size to the 
Ganges deposits, whereas it is notorious that the limestone bo~~lders 
are small, mere shingle." 

P,S.-The best stone to be had in the neighbourhood of Hur- 
dwar is the conglomerate, of which the caps of the Myapoor dam 
spiers are made. I t  is hard and durable under running water. That 
one was not experimented on because from the nature of it, expe- 
riment otl a small specimen would be useless. Unfortunately, the 
quantity of this stone, which is to be had within a moderate distance 
from Hurdwar, is very small. T h e  visible supply has been almost 
worked out. 

(Signed) J. H. DYAS, LIEUT.-COLONEL, 

Chief Engineer, lrrigatim Works, 
2V. W. Rm'nces. 

31st May, 1866. 

EXTENSIOS O F  THE CANAL F R O N  CAWNPORE 
T O  ALLAHABAD. 

133. I n  the concluding paragraph of his first letter to the GO- Sir Arthur bt- 

vernment of India, Sir ,Arthur Cotton has strongly urged the necessity ton's ing the plan canal for extend- nari- 

of carrying the canal as a line of navigation to Allahabad, as the gation to Allahabad. 

point " which is essential to its effective operation ;" and the Com- 
mittee have accordingly given the subject their best consideration, 
especially as i t  appears to have been Sir Proby Cautley's original 
intention to adopt the same terminal point. 

134. The length of that part of the Doab is 120 miles, and its A= of the lower 
part of the Doab and 

average breadth under 25 miles; it is bdunded on each side by a ~tameansofeommani- 

Y 



cation very favorable navigable river, and intersected throughout by the East India rail- 
appeara to render the 
extension not neeee- way, and the Grand Trunk road, and it appears to the Committee 
ury at present. 

that no part of India is better provided in proportion to its area of 
3,000 square miles with the means of transport, either for its own 
produce in favorable seasons, or for that o f  other districts for its 
relief in times of scarcity, and they therefore fail to perceive the 
necessity of an expenditure of at  least 15 lakhs, in carrying a navi- 
gable canal through this narrow tract. 

m e  inietion of 135. With regard to the irrigation of this extremity of the 
the extremity of the 
~ o a b  no! r e s d .  80 Doab, the Committee have been informed that the failure of rain is 
much as ~ t s  extenmon 
inthenpperdifitri~ta. less frequent there, than further northward, bu't without accepting 

this as an ascertained fact, they may remark that it will be equally 
advantageous and more economical, to extend irrigation in the upper 
districts, as the great length of the canal has unquestionably been one 
material cause of its hgavy cost, and disproportionate financial re- 
turns. 

m e  =tension to 136. While, therefore, there are other objects of so much more 
Allahabad not recom- 
mended- . urgent importance in connection with the canal, demanding atten- 

tion, the Committee cannot do otherwise than advise that the Alla- 
habad extension should for the present remain in abeyance. 

FINANCIAL STATE OF CANAL. 
Nett receipt# from 

canal do not corer 
137. The annual statement of remunerative works in the N. W. 

interest on capital. Provinces, exhibits the Ganges canal in an apparently hopeless state 
of indebtedness. The total expenditure on new work is charged with 
interest at the rate of 8 per cent., and the expenditure up to the end 
of 1863-64, having amounted to upwards of 2 millions, the charge for 
interest is over 10 lakhs of rupees. The total income for that year 
was Re. 7,73,390, and the expenditure in maintainance and for esta- 
blishments was Rs. 6,09,711, leaving only Rs. 1,63,679 to meet the 
charge of 10 lakhs. About Rs. 8,40,000 thus appear at the end of the 
year as a balance of charges against the canal. This operation which 
has been going on from the commencement has caused the accumu- 
lated charges up to the end of the year 1863-64, to amount to upwards 

. of 83 lakhs of rupees. 
~e mnnera  t i  v e  138. If the above procedure be accepted as correct, it is evident 

ststement not a fair 
criGon msrits that the canal must be pronounced a failure as a commercial specula- 
of the canal. tion, until the nett receipts shall exceed the annual charge for interest. 

The Committee do not however consider that the annual statements 
of remunerative works, from which the foregoing particulars are taken, 
are at all a fair criterion of the merits of the canal. 

Policy of Govern- 139. The statement to the following effect of Colonel Colvin, 
ment in luvying low 
water-rates. which Major Crofton has quoted in his Report, well deserves attention; 

"that the object of Government was not so much to form a productive 
source of revenue from the actual price paid for the water, as to gain 



a sufficient control over its expenditure and to prevent its being 
wasted, and that they looked to the general improvement of the coun- 
ty as the source from which they should derive a return adequate to 
the outlay." The Committee believe that until very recently the 
Home Government continued to hold the same views, and it is to this 
policy the extraordinarily low water-rate which has been charged on 
the Ganges canal up to the end of 1864-65 is to be attributed. 

140. The Committee are not aware to what extent per acre the 'g; 
iand revenue of the country watered by the Ganges canal has been canal should be ex- 

hibited in rcmuner- 
enhanced by irrigation ; but they are of opinion that whatever it may tiye B ~ e n t  

be, i t  should appear as an item of canal revenue, and if it cannot be 
separated from the ordinary land revenue, and incorporated with the 
proceeds from water-rates, it should at  least be exhibited in the an- 
nual returns to the credit of the canal. On this point the Committee 
entirely agree with Colonel Dyas, who has expressed his views in the 
following terms in his report for 1863-64. 

141. " Nothing appears clearer to me than that all proceeds Colonel DYM' opi- 
nion on the subject 

resulting from the construction of a work of irrigation should 'be quoted. 

clearly shown, whether they happen to be on the debtor or on the 
creditor side, whether profit or loss, for if they are not shown, how 
is i t  possible for Government to know whether i t  is advisable to 
constiuct any new work. I t  matters little under what names or heads 
the proceeds are shown, whether as land revenue, enhancement of 
land revenue, diminution of land revenue (a negative proceed) or 
water-rate; the one thing needful is to show them all clearly and 
not to allow any of them to be muddled up with the land revenue 
proper, that is, with the land revenue assessable, had the canal no 
existence." 

142. As an example of the effect of a canal in the N. W. Pro- IUC- of land 
revenue due to imp 

vinces in improving the land revenue, we quote as follows from a tion on  astern Jum- 
n8 canal. 

report also by Colonel Dyas, with reference to the Meerut district, 
watered by the Eastern Jumna canal. 

cc Of that district at the time of the settlement, 71,920 acres were 
irrigated, and the land revenue from that land in 1848 was Rs. 
1,35,195 ; hence the rate of land revenue for land irrigated at  the time 
of the settlement is Rs. 188 per 100 acres. 

Of the same district, 4,58,896 were (in 1848) unirrigated, and 
the land revenue secured amounted to Rs. 6,35,893, hence the rate 
of land revenue for unirrigated land is Rs. 138 per 100 acres. 

The increase therefore due to the Eastern Jumna canal is Rs. 
50 per 100 acres, or eight annas per acre." 

143. As regards the Ganges canal, it would appear that i t  has ~6 similar benefits 
on Ganges 4, and not heretofore received credit for any increase of land revenue, and -tar-- M c i -  

i t  was impossible that the low water-rate that was charged up to the ent to Jield a profit 

beginning of 1865-66, should alone suffice to return a profit on the 
capital expended. 



Prnbable incrrase 144. Should however an increase of land revenue equal to that due to Gangea canal 
a s a m d a t s a - ~ e r  which as above has accrued to the irrigated land under the Eastern 
acre of imgated area. 

Jumna canal, be credited to the Ganges canal when the new settle- 
ment comes into operation, the annual receipts will be increased by 8 
annas per acre, or about 583,000 acres, or nearly 3 lakhs of rupees. 
From the returns obtained by Colonel Dyas from the Collectors, i t  
would appear that in two districts alone, the enhancement due to  
irrigation amounts to Rs. 97,863, and the above estimate is more likely 
to be below than above the mark. 

water-rate in-- 145. Fortunately for the future prospects of the canal, the Go- 
edfmm 1st May,1865. 

vernment have lately sanctioned the introduction of increased water- 
rates. From 1st May, 1865, they will be equal to about double what 
they were before. The average yield for last year will be about Rs. 
2-4 per acre. Should the area of land irrigated by flow of water or 
gravitation, as compared with that irrigated by machinery, be raised. 
as is certain to be the case when the full supply is admitted into the 
canal, the profit per acre will be considerably increased, and for future 
calculations, Rs. 2-8 is more likely than Rs. 2-4 to be the average rate. 

from canal 146. The irrigation returns for 1865-66, have been received by 
for 186666. the Committee. The receipts will be as follows :- 

Water-rents-Khureef, . . . . . a . . . .. RB. 4,88,553 
m1 Rubbee, . . . . . . . . . . ,, 7,43,806 

Miecellaneous receipta from sale of produce,. . . . ,, 63,286 
Receipb from navigation, . . . . . . . . ,, 43,662 

Total, Rupees, .. .. 13,39,047 

charW and nett 147. The charges for the year for repairs and establishment 
revenue. which the Committee have obtained from the Controllor, P. W. Ac- 

counts, N. W. Provinces, amount to Rs. 5,98,531, the nett reeeipts 
will therefore be Rs. 7,40,516. 

Return on capital 148. The total expenditure on new works on the canal, includ- 
outlay. . 

ing rajbuhas, up to the end of 1864-65, was Rs. 2,08,14,654, the 
interest a t  5 per cent., 10,40,732 ; the nett receipts only yield a return 
of fully 38 per cent. ; but if the enhancement of land revenue due to 
the canal, which is estimated approximately a t  upwards of Rs. 
2,90,000, be credited in the receipts, the return for the year would be 
5 per cent. on the outlay. 

Failure of canal 149. However, if only the canal revenue proper is taken into 
though in an nnfin- 
isbed of a me account, the above figures show that the financial failure of the canal, 
dified kind. even in its present half developed state, is of a very modified kind. 

Progressive im- 150. An increase of irrigation may be confidently anticipated, 
provement certain. 

and as the charges for establishment and maintainance do not increase 
in the same proportion, the nett receipts will go or1 steadily increasing 
year by year. While for the five years, from 1860-61 to 1864-65, the 
quantity of water discharged by the canal remained nearly uniform, 



the irrigated area increased during that period from 3,42,909 acres to 
5,66,5 14 acres, the revenue (at the old water-rates) from Rs. 6,45,111 
to Rs. 9,90,866, and the area irrigated by each foot of discharge from 
73 to 14 1 acres. 

151. I t  is found on the old established canals from the Jurnna, m w  anb of 

that each cubic foot of discharge irrigates from 100 to 290 acres; c a n a l c a l a  

the average may be taken at about 220 ; and if the Ganges canal at- 
tains to this standard, its full supply of 6,750 cubic feet per second will 
irrigate 14,85,000 acres. But allowing only 200 acres per cubic foot, 
the area would be13,J4000 acres, which at Rs. 2-8 per acre, will yield 
33,75,000 rupees ; to which may be added, at the lowest computation, 
2,25,000 for miscellaneous revenue receipts and for navigation tolls or 
in all 36,00,000, exclusive of enhancement of land. revenue. 

152. ~ a j o r  Crofton estimate8 the total cost of the project, in- on spit . l  

cluding all works in the original design, except the extension to Alla- to be met. 

habad, at Rs. 3,10,00,000. If the additional works the Committee 
have recommended, raise the cost to' Rs. 3,25,00,000, the annual 
charge at 5 per cent. will be 16i lakhs of rupees. 

153. The maintenance eventually will, it  is confidently expect- A return .n- 

ed, be on a far lower scale that it has been of late years, seking that ticlpted 

there have been unusually heavy repairs to masonry works, and ex- 
tensive 'clearances due, not to the silt admitted from the river, but to 
the erosion of the bed and sides of the channel. Probably 7 lakhs per 
annum will suffice to cover all expenses. The nett returns would then 
be 29 lakhs, which would not only suffice to cover the charge of 5 per 
cent., but to pay off the accumulated interest of former years, and 
that once effected, to yield a clear profit of 8 per cent. per annum 
exclusive of the enhancement of land revenue. 

154. Considering therefore all the circumstances noticed above, ~~b~ i,m, 
from Ganges canal which have hitherto tended so materially to frustrate the success of not dieparagc 
projects for imption the Ganges canal in a financial point of view, the Committee are of ,,1, 

opinion that its comparative failure up to the present time affords no 
ground for doubt of a fair and reasonable return from other irrigation 
projects, constructed with the express object of yielding a direct 
profit. 

156. In  concluding their enquiry into the financial prospects of water ahodd be 
sold by meaemment. 

the canal, the Committee would observe that complete economy in the 
use of water for irrigation cannot be looked for until the charge is 
made on the cubic quantity taken, and not on the area of land irri- 
gated, as ie the present practice. 

156. Under the present system no inducement is afforded to Cultivator not en. 
muraged at prenent to the cultivator to make the 'moot economical use of the water ; on the ,,& 

contrary, every inducement is towards wasteful profusion. 
157. H e  pays the same tax per acre, for a particular crop, what- watar-tax accord. 

ing to anairrigatel, ever may be the amount of water thrown upon i t ;  and thus, if by with& t, 
qaantitv of W r  ex- throwing double the quantity upon the land he could increase the 

N 



yield by only 2 per cent., it would be to his pecuniary interest so 
wastefully to apply it. 

Area irrigated per 158. The .number of acres irrigated on the Ganges canal by  
cubic foot per second 
on Cangee canal. each 1 foot per second of discharge has been increased during the last 

five years from 73 to 141 in 186465. 
~m irrigated on 159. The quantity irrigated by each foot per second of discharge 

Eastern Jumna canal 
on the Eastern Jumna in 1864-65 was 220 acres. 

Capable of fnrther 160. But this is far below the theoretical maximum ; and, as 
increase. 

in the latter canal the rajbuhas are now doubtless fully developed, 
indicates some defect in the system of disposal 

Quantity of water 161. Mr. T. Login, an officer of great experience in these sub- 
required for a wheat 
- O P .  Mr. Login's jects, reports that from careful experiment he found that four water- 
evidence. 

ings of inches, or a total of 10 inches in depth of water, was amply 
sufficient for a wheat crop in these soils. 

Opinion of cnlti- 162. A common concord of opinion amongst cultivators is that 
vstors. 

one foot of water suffices for a wheat crop. 
D U ~ Y  which should 163. Allowing 20 per cent. of the whole discharge for absorption 

be performed per cubic 
foot o f d i s c h a ~ e  and evaporation, this would make the total required 15 inches in 

depth ; or one foot per second of discharge should theoretically irri- 
gate 580 acres of crops, consuming equal amounts to wheat crops, 
assuming that the water were fully utilised throughout the year. 

Four times the 164. The quantity of land actually irrigated by the Ganges quantity required for 
a wheat crop expend- canal in 1864-65 was 141 acres per 1 foot of discharge per second, 
ed at present 

and the depth of water consumed was 5.17 feet, or deducting 20 per 
cent. = 4-65, or nearly four times the quantity actually said to be 
required for wheat crops. 

Theoretical duty 165. But of the whole area irrigated, 30 per cent. consists of 
per cubic foot W m e f  
andRubbeerombined. Khureef crops ; which, on the average, as at present composed, con- 

sumes nearly the same total quantity of water as the Rubbee crops. 
Assuming the present proportion of Rubbee and Khureef, and the 
present composition of Khureef crops to remain the same, and assum- 
ing that the water on the Khureef is equally utilised, then the area 
irrigated of average crops, both Rubbee and Khureef, should be 414 
acres per cubic foot of discharge. 

Economy water 6 The Committee are aware that the subject of the disposal not of importance 
beretofowl but will of water by cubic measurement has from time to time engaged the 
be very neceesarg 
when canal la wm- attention of the canal officers, but as owing to the imperfect develop- 
pletecl. 

ment of the rajbuhas and to the dernand for water for extension of 
irrigation being of gradual and slow growth, the necessity for economy 
of water has not been so urgent as i t  will be when the canal shall 
have been completed. 

Committee recorn- 
mcnd a course of ex- 

167. The Committee would therefore recommend that the .ex- 
periments on water- periments now being made at  Roorkee should include a comprehen- 
meters. 

sive enquiry into the feasibility of bringing into use a cheap and 
effective water-meter, and they are of opinion that the great imp= 
tance of the subject would warrant a liberal outlsy. 



COMPARISON O F  FINANCIAL RESULTS O F  MADRAS 
IRRIGATION WORKS W I T H  THOSE OF 

THE GANGES CANAL. 

168. The financial results of the Great Irrigation Works i n _ ~ ~ , " & Y ~ ~ ~ ~  
Sou~hern India have been so prominently adduced as examples of carried out nuder dif- 

ferent circnmuhucen 
what the Ganges canal, if constructed on sound principles, ought to 
have yielded, that the Committee think it necessary to remark briefly 
on the very different circumstances under which the works in the 
Northern and Southern Provinces appear to have been carried out, 
which are explained more fully in separate papers,' recorded by two 
of their number. 

169. I t  appears that in Madras nearly all the large works under- ,~~~~~ 
taken by the British Government have been to an important extent for improve and develope 

old systems of imgn- 
the purpose of restoring and developing irrigation systems which, in a tion. 
more or less imperfect state, k d  existed for ages. I n  Tanjore especi- 
ally extensive channels from the Cauvery covered the Delta, and need- 
ed only proper regulation to render them thoroughly effective. I n  
the Godavery and Kistna Deltas also, it is stated, that numerous old 
channels, some of which were of considerable size, had served to dis- 
tribute, though imperfectly, a supply of water from those rivers. 
They were incorporated with the Delta systems dependent on the 
anicuts, and formed serviceable feeders of the new canals, thus sav- 
ing a considerable cost in excavation, and expediting the distribution 
of the improved supply of water. 

170. I n  other districts, extensive reservoirs of ancient construe- _:z;;tb;gyz~ 
tion, required only the powerful aid of weirs across the feeding rivers, stmction of weirs. 

and in some cases connecting lines of channel, to restore and develope 
their storage capacity to its fullest extent. - 

. 171. Further, the rapid extension of irrigation in the South has im~~,?;;yzf 
been materially promoted by the fact of the people being accustomed 
to that mode of cultivation, and by their readiness to avail themselves 
of the large tracts of waste land fit for the cultivation of their great 
staple, rice, which can be raised only by artificial flooding in all the 
irrigated districts. 

172. The Ganges canal on the other hand is an entirely nenpro- C I 1 ~ ~ ~  ;f z; 
ject from which no return could be derived, till the main works had Grn~c-1. 

been completed, and the results of which must necessarily depend 
on the gradual development of an entirely new system of branches. 
Wheat, the great staple produce, can be raised in favorable seasons 
at moderate expense by well irrigation, and the proportion of available 
waste land is but small, added to which, although the water-rate has 
been fixed very low, the sale of water depends wholly on the demand 
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on the part of the landholders, which it is understood is not the case 
in Madras, while canal irrigation in these provinces is of but recent 
introduction ; and not, as in the Soutb, a system practised foi, centuries. 

v i r e n c e  of nh 173. The Committee consider the foregoing causes sufficient 
tive levels to the h d  
bemen the Delta to account for a great and apparently disadvantageous contrast 
rivere and thow of the 
Northern ~ocrb. between the North and South ; but when it is also borne in mind that 

owing to the essential difference between the relative levels of the 
Delta rivers to their field of irrigation, and those of the Northern 
Doab to the adjacent land, a vast additional expense must be in- 
curred in the latter case, in bringing the water to the surface, whether 
by taking off a canal from above or below the rapid slope of the bed 
following the debouchment of the river from the hills; they cannot 
but feel that no just comparison can be made between the results of 
works so very different in character as those referred to. 

174. With referedce to para. 10 of the order of Government, 
No. 20,410, the Committee desire to acknowledge the assistance 
and information they have received from Colonel Dyas and the 
Executive Engineers under his orders. 

They were also favored with the valuable evidence of Mr. T. 
Login, late Superintendent of the Northern Division of the canal, as 
to its past history. 

They regret that owing to the urgent pressure of his duties 
in Cuttack, Colonel Rundall was unable to join them in their 
inspection of the Ganges, and although that officer offered to reply 

. to any written questions referred to him, they did not consider it 
expedient to delay their proceedings for that purpose, when personal 
examination of the localities seemed essential for arriving at a correct 
opinion; so far however as can be judged from Colonel ~undall 's 
unofficial communications, it would appear that his views as to the 
best site for the weir and line of canal near the Solani, do not differ 
materially from those ,adopted by the Committee. 

175. The Committee would further record their best acknow- 
ledgqments of Major Crofton's unwearied efforts to promote the 
objects of their enquiry, both by efficient arrangements for their 
movements and by full explanations of his own plans. 

EDWARD LAWFORD, COL.-COMMANDANT, R E. 
J. C. ANDERSON, LIEUT.-COLONEL, R.E. 
J. G. FIFE, LIEUT.-COLONEL, R.E. 
HUGH LEONARD, C.E. 

MUSSOORIE, 
18th June, 1866. 



DISSENT. 

1. I dissent from the above report mainly as to conclusions No. 
111. and No. IV., the first negativing the proposed canal*[from the 
Jumna near Delhi (bringing 3,300 feet per second to complement the 
present 4,400 now brought down by the main canal), as a substitute 
for the remodelling above the junction ; the second recommending that 
the remodelling. according to Major Crofton's plans (with certain 
modifications), be at once proceeded with. 

2. In  reference to the latter's conclusion, I dissent from paras. 
No. 140 and 148 of the report, which state that the main difficulty in the 
remodelling, as proposed by Major Crofton, lies in the depth of the 
cisterns below the new falls, and which. further state that if these 
cisterns be modified, the work up to water line many be executed dur- 
ing two closures of the canal, each of 33 months duration. 

3. I dissent from this latter conclusion, because Major Crofton 
has, after careful investigation, expressed his opinion, in para. 102 of 
his report, that to execute the work as designed by him, the necessity 
for shutting off the canal supply for at least one irrigating season is 
inevitable, and that an entire year would not be too large an allowance ; 
because Colonel Dyas, the Superintendent, Irrigation Works, N. ,W. 
Provinces, has concurred generally in that opinion ; because in my 
judgment the period assigned is rather understated to carry out the 
works as designed ; and because I do not regard the deep cisterns!as 
the most troublesome part of new falls, nor nearly so likely'to cause 
uncertainty and delay as the well foundations ; and I decidedly do not 
think that the proposed modification of the cisterns would render it 
probable that the work up to water line could be executed (except at 
entire disregard of cost) during two periods of 3$ months stoppage of 
the canal. 

4. Further, I am not satisfied with the estimate of probable 
loss from such a closure for 39 months, Colonel Dyas having been 
asked for a statement of such loss and having not yet given it because 
he had not sufficient information. 

5. In  respect to conclusion No. IV., I dissent because I hold 
that it is only as a last resort that the serious evil of stopping the 
canal supply for a whole year, if not longer, should be incurred, and 
because the proposed canal from the Jumna offers a mode (if the 
3,300 feet per second discharge of the Jumna and Hindun rivers can 
be depended upon, and for which conclusion there appears to me to 
be s t r o n g p k d  facia ground) of making up with the 4,400 feet per 
second now brought down the main canal, an amount of water supply 
in excess of that provided under the remodelling scheme, at a less, or 
certainly not greater cost, and without incurring the serious evil of 
stopping the canal supply. 

0 



6. For the further elucidation of this subject, I refer to the 
Memo. in that pioject, printed in Appendix A., and I recommend that 
during the next season, a complete survey should be made of that 
project, and that, in addition to daily record of water level, the dis- 
charges of the rivers Jumna and Hindun should be taken on the 15th 
of each montb, from October to May inclusive, and that if the result 
should show that a quantity approximating 3,300 feet per second can 
generally be relied upon during those months, then the canal from 
the Jumr~a should be made in supersession of the remodelling above 
the junction, if it be determined not to execute both, or in priority to 
the remodelling if i t  be determined that both should be carried out. 

7. I further recommend that, meanwhile, stone and other ma- 
terial should be collected at  ,existing falls, sufficient for their complete 
repair should failure occur, but that no further steps should be taken 
towards the remodelling above Nanoon junction, until the question of 
general minimum discharge of the Jumna and Hindun be settled. 

8. I dissent generally from paras. No. 70 to 89 of the report, 
treating of the Jumna project. 

9. I n  reference to para. 71 of the repwt, in which i t  is stated that 
the water gauge kept at the railway bridge at Delhi, was not a safe 
guide, because it was affected by the damming up of the bridge spans 
for girder erection purposes. I would point out that this damming 
gradually increased in extent from the beginning to the end of the dry 
season ; ahd, consequently, so far as i t  affected the water level, would 
have the effect of making i t  appear relatively higher in April than in 
December. 

10. I dissent from para. 73, which decides to adopt the same 
section for weir at  Toghlukabad on the Jumna as at  Sookertal on the 
Ganges. At Toghlukabad there is a practicably unlimited supply of 
stone from the old fort, much of it dressed, and any further quantity 
of rough stone can be quarried within 3 miles of the work. 

11. At Sookertal there is no stone within 50 miles, and probably 
no su5ci-t supply of fit stone within 66 miles, and this last has not 
yet been explored. 

12. These conditions are so essentially dissimilar as, in my judg- 
ment, to demand different treatment. 

13. &'or the above reasons I dissent from the estimate of weir 
across Jumna given in para. 81. 

14. In reference to para. NO. 101, I do not concur in ascribing 
the deep holes below the falls, chiefly to the increased velocity with 
which the water escaped from the floorings. 

15. 1 think that the most serious part of that scouring is due to 
the wings which curve inward, thus reducing the width of the channel, 
and throwing a current at right angles to the direction of the stream, 
by which a rotary motion is produced, and deep scouri~~g naturally 
follow6. 



16. Had the scouring been chiefly due to the velocity of the 
water over the crib work, the greatest depth of scouring would 
naturally have been looked for immediately close to the crib 
work, where the light soil joins the protective work; but the deepest 
scour is not found there, but at a considerable distance lower down, 
and just where the conflicting currents are converted into a rotary 
motion. 

17. At Nirgajnee falls (next below the Mahmudpoor falls) which 
is without these inward-curved wings, but little scour has taken 
place. 

18. I would recommend that these inward-curving wings be 
altered at once, the work could be done without interrupting the 
canal. 

19. On the subject of the supply of stone referred to in paras 
No. 130 and 132, i t  should be noted that Colonel Dyas' experiments 
were made on the Sewalik sandstone lately brought in, and are not 
necessarily to be regarded as representing the crushing weight of the 
sandstone seen in the old buildings at Hurdwar. 

20. A more important point on the subject of stone is that the 
report does not, in my opinion, lay nearly sufficient emphasis on the 
importance of examining the apparently unexplored field in the main 
Himalayas in the  neighbourhood of Luchmun Joola and Tupobun, 
where, at a distance of about 17 miles from Hurdwar, the hills for 
miles in extent appear to be formed of a hard ferruginous clay slate, 
and rather farther up the valley of the Ganges, of evenly stratified 
whin-stone. 

21. Should a good building stone be discovered there, it would 
reduce the estimate for the weir at Sookertal by upwards of 4 lakhs, 
and would reduce the cost of ashlar stonework executed on the upper 
portion of the canal by from 30 to 50 per cent. 

GEORGE SIBLEY. 





A P P E N D I X  A. 

Mcmo. on a projec! .for makinq a canal from the Jumna at Togh- 
Zukabad, about 10 miles below Delhi, to the main canal near Birowlee 
bridge (or to the Simra ,fds), aboul 20 miles above Nanoon junction, 
the head of the Cawnpore and E'tawah branches. 

1. In  considering the relative merits of the various schemes for 
obtaining the desired result, of bringing down the full amount of 
water which the canal was originally designed to carry, there should 
be kept constantly in view the vital importailce of not closing the 
canal and stopping irrigation, except as a last resort. 

2. In para. 97 of Major Crofton's Report he writes, the absolute 
" necessily of maintaining uninterruptedly the present volume of water 
" to supply existing irrigation, unless there be very cogent reasons to 
" the contrary, is assumed by alt" 

3. In  para. 102, he states his conclusion that for executing the 
work proposed by him in remodelling, " the necessity of shutting off 
" the canal supply for at  least one irrigating season, or half a year, 
" appears inevitable, and to do the work satisfactorily and give time 
" for the larger masses of masonry to harden sufficiently, an entire year 
" would, in my opinion, not be too large an allowance." 

4. This opbion is concurred in generally by Colonel Dyas, 
Superintendent Irrigation Works, N. W. Provinces. 

5. The Committee of Engineer Officers summarised the advan- 
tages of a duplicate channel to complement the supply, as presenting- 

1st.-Facility of construction, and of forming reliable estimate 
of time and cost of construction. 

2nd.-The very great convenience that may be anticipated from 
the possession of a duplicate line of main chandel, which 
would admit of a considerable. amount being sent down to 
the lower parts of the canal, while either of the main lines 
was closed for repairs. 

6. Sir P. Cautley (in page 75 of the Discussion) writes, " the 
" remedy however appears to be rather in the division of the great body 
" of water and thereby in diminishing the effect of its action, than in 
" the continuance of the existing channel as a single line:" again (in 
page 76) he writes, " I am much in favor of reducing the present voluw 



" of water in t h  main cana2; with so many falls and so large a body of 
'' water passing over them, perpetual repairs and interruption will in- 
" evitably occur, let the slope be reduced to any extent. B y  the divi- 
' I  sion of tIie waters this will be avoided, and the evil of accident ou one 
" line will (as far as supplies for irrigation to the South are concerned) 
" be neutralised by the existence of an alternative line." 

7. Sir P. Cautley also, in his Memo., printed in Appendix A. t o  
Major Crofton's Report, insists on the value of having an alternative 
line for the security of the irrigation of the Southern districts ; in this 
view, and also to avoid the serious evil of stopping the irrigation for 
an indefinite period Sir P. Cautley proposed a duplicate channel, leav- 
ing the main channel below Roorkee. 

8. The Government of India in reviewing Major Crofton's Re- 
port rejected this project for an alternative channel--lstly, because i t  
appeared from Major Crofton's figures that i t  would be more costly 
than the remodelling by some 30 lakhs ; and secondly, and chiefly, be- 
cause it appeared that the really serious objection to the remodelling, 
the necessity for closing the canal for a while, was found to be equally 
applicable to that scheme. 

9. The Government of India at the sametime remarked that, 
had there been a prospect of the scheme being practicable without the 
necessity for closing the canal, i t  might have been thought desirable 
to incur additional outlay to avoid such serious interference with the 
convenience of the agricultural community, though it might have been 
doubtful whether even on that ground so large a charge as 30 or 
40 lakhs should be incurred. 

10. Major Crofton's comparison of the cost of the remodelling 
with Sir P. Cautley's alternative line, was based on the  upp position 
that the present channel could carry with safety only 1,570 feet per 
second below Roorkee, leaving the alternative channel to carry 5,000 
feet per second, or nearly three-fourths of the whole quantity. 

11. Now, i t  appears that, since the last closure in August, 1864, 
(a period of 21 months) the canal has carried regularly 4,400 feet, 
being 2$ times the estimated safe quantity ; that the action in the bed, 
falls and bridges, has been carefully watched,. and that no injurious 
action worth noting has been ascertained to have occurred. 

12. This fact, as to the'comparatively favorable condition of the 
works, if well established, would lead to the conclusion that only 
2,500 feet instead of 5,000 feet need have been provided for in the 
new channel, and would so far modify the comparison of cost between 
the alternative channel and the remodelling scheme ; as; however, the 
alternative channel was rejected, not so much on the ground of extra 
cost alone, as on the ground that the serious evil of closing the canal 
appertained to that scheme also, i t  does not appear to be necessary to 
go into the question of how far the comparison between the two 
projects would be modified. 



( iii ) 

13. Without having the canal laid dry, it  is of course impossible 
to  state with absolute certainty whether any seriously injurious action 
has taken place, but the concord of evidence from surface observa- 
tion leads to a contrary presumption. 

14. The Committee made a formal request to Colonel Dyas, 
the Superintendent of Irrigation Works, N. W.  Provinces, to have the 
waters shut off for a few days, so as to enable them to satisfy them- 
selves, by actual inspection, as to the condition of some of the more 
important and previously threatened works, but this request was met 
by objections so numerous and so strongly urged as almost to amount 
to a protest, and under these circumstances the Committee decided 
not to press their request. 

15. Colonel Dyas reports as to the condition of the works since 
the date of Major Crofton's Report, as follows:- 

" As to the bed, erosion is no doubt going on in many places, in- 
" asmuch as during the cold weather, when the water coming in from 
" the Ganges river through the Myapoor regulators (the head of the 

canal) is almost quite clear, the water in the canal gradually becomes 
4c very muddy ; but a comparison of the cross sections of the canal bed, 
66 which I have lately had taken at-every mile along the canal, with 
" similar sections taken by Major Crofton in 1864, shows that no dan- 

gerous action is going on at present. 
sd As to falls in the Northern division (from Myapoor to Jaolee) 

the extent of damage done, as far as can be ascertained by careful 
" sounding and probing, consists of a slight displacement of crib work 
'# battens. I n  the Meerut division two falls have been slightly injured, 
"but not sufficiently as to warrant a closure of the canal for the pur- 
" pose of repairing them. The  Chitoura fall, 55 miles 4,976 feet, has had 
" part of the ogee in No. 3 bay ripped out, and that bay is kept close 
" in consequence to prevent further damage ; and the Sulawur fall (67 
" miles 2,350 feet) has had two of the hammer-dressed Delhi stones in 

flooring of No. 3 bay turned over : this occurred in September, 1864, 
'' and the stones have not moved since. The bridges are all secure." 

16. The result of the last 21 months' working appears therefore 
nearly conclusively to show that for a lengthened period this quantity 
of 4,400 may be safely sent down the present channel, so that if a 
quantity equal to that which is required for the irrigation below 
Birowlee bridge, on the Simra falls, can be brought in from any in- 
dependent source, the whole irrigation below that point may be pei- 
manently secured ; and if by repairs, such as may be effected during 
>he ordinary periods of closure (the cost of which Major Crofton esti- 
mates at Rs. 1,06,424), the old channel may be made securely to carry 
perlhanently the present 4,400 feet per second, the result would be 
that a total quantity of 7,700 feet per second would be available for 
irrigation (as compared with the 6,742 feet of the remodelling scheme), 
and this result would be obtained without stopping the irrigation. 



17. It appears from an examination of the country and of the 
levels, that such a complementary channel could be made a t  moderate 
cost by leading the water from the Jumna, opposite Toghlukabad, about 
10 miles below Delhi, crossing the Hindun, and taking its waters also, 
and joining the main line at or near Birowlee bridge, near the 158th 
mile from Hurdwar. 

18. The  minimum discharge of the Jumna for this year, as ap- 
pears from sections taken by the Resident Engineer, of the Jumna 
bridge, on the 9th April, 1866, 

Being . . . . . . . . . . .. 2,880 
And that of the Hindun, taken by an Assistant 

Engineer of the Railway at  Gazeeabad, . . 480 - 
Gives a total, . 3,300 

feet per second, which is very nearly the full amount required below 
the Birowlee bridge, on Simra falls, according to Major Crofton's 
scheme. 

19. This discharge is corroborated by the discharge taken a t  
Agra by Mr. Dodd, Executive Engineer, on the 5th April, 1866, 
which showed 3,544 feet per second, and which he reports to have 
been the lowest for the season.* 

20. The Resident Engineer of the Delhi Railway bridge, who 
took the discharge on the 9th April, and who is on the river daily, re- : 
ports however, that he is perfectly confident that the river was at  its i 
minimum for the season on the 9th April, that there was only 9 inches 
difference between water level on that date and on the 19th Decem- ! 
ber, a difference that was fully accounted for by the channels having 
been bunded for the purpose of girder erection. 

21. There appears to be a t  least sufficient p r i m t i  facie evidence 
of the general correctness of the minimum discharge taken, or 2,820 

i 
feet per second, to demand further investigation. 

52. Toghlukabad is a very favorable position for the building of ' 
a weir across the Jumna-firstly, because the river bank, opposite the 
village of Alee, is of a very firm character (kunker and clay) ; and 
secondly, because there is a practically unliniited supply of stone ad- 
mirably suited for such purposes, a very large amount of rough stone 
and a very considerable quantity of dressed stone (Delhi quartzite); 
being available from the ruins of the old fort of Toghlukahad, which 
is also built on rock. 

23. A channel 130 feet wide a t  base, 10 feet deep, with slopes 2 
to 1, and fall of 4: inches per mile, giving a velocity of 2-10 feet per 
second, would discharge 3,300 feet per second, and would fall into t he  
main canal at  about the 158th mile from Hurdwar, or about 22 miles 

* A doubt hns since been thrown na to whether this was lowefit minimum discharge, by ib haring 
&n stated that the discharge oE the Jumna on the 19th December, 1866, wu only 829 feet par secasd. 







above Nanoon junction, the head of the Cawnpore and Etawah 

24. An approximate estimate of such a channel and weir shows 
that they could be executed for about 39 lakhs (&390,000) including 
superintendence. 

The amount is composed as follows :- 
Bs. 

Earthwork, . . . . . . . . . . 20,59,788 
Bridges, &c. (19), . . . . . . , . 3,80,000 
Weir and regulator at  Jumna, . . . . 6,64,000 
Weir and regulator at Hindun, . . . . 2,10,000 

33,13,788 
Add contingencies, at 8 per cent., . . 2,65,103 

35,78,891 
Add establishment, at 7 per cent., . . 2,50,522 

38,29,4 13 
Land, 57 miles at 64 acres per mile, at Rs. 

24 per acre, . . . . . . . . 87,552 ---- 
Total, Rupees, . . 39,16,965 

25. I n  the above estimate earthwork cutting, depth average 
10 feet, has been taken at Rs. 3 per 1,000 ; and average depth 20 feet, 
Rs. 4 per 1,000. In  the estimate for weir at Jumna, the rough rubble 
stone is taken at Rs. 10 in place, and the dressed masonry at Rs. 30 
per 100 feet; probably the whole of the material required being ob- 
tainable from the old fort of Toghlukabad ; or if further rubble stone 
be required, it can be quarried within 2 miles of the weir. 

26. I t  is considered that with the mass of rubble stone avail- 
able, and with a good puddle clay on the spot, wells would not be 
needed under the weir wall ; if a double row of wells be added, they 
would increase the estimate by about Rs. 2,00,000. 

27. In '  the estimate for Hindun river weir, the actual rates of 
work in the Hindun railway bridge have been adopted. 

28. The percentage for contingeilcies and for establishment 
have been taken the same as in Major Crofton's alternative line. 

R8. 

29. T o  the total, . . . . . . . . . . 39,16,965 
As above, there is to be added- 

Hemodelling between Birowlee bridge and 
.Nanoon, . . . . . . . . 3;58,458 

Repairs above Birowlee, . . . . . . 1,06,424 
Re-adjusting rajbuha heads above junction, 1,00,000 

Total, . . . . 44,81,847 
Remodelling Cawnpore branch, as per Ma- 

jor Crofton's estimate, . . . . ) 4,26,842 

Giving as expenditwe, Grand Total, Rupees, . . 40,08,689 
-- 

* It might prove advisable to bring in the new channel below the Sinna falls, 5 miles lower down, or 
about the 163rd mile. 



30. Major Crofton's estimate for renlodelling the 
old canal-including the Cawnpore branch is, . . . . 39,19,850 

Uf which is debited for navigation above Birowlee,. . 9,05,000 

Leaving debitable to irrigation, Rupees, . . 30,14,850 
Now, though the above amount (9,05,000) may as a part of a whole 
be fairly debitable to navigation, it is doubtfir1 whether the work due 
to irrigation alone could be executed for the balance. 

31. Assuming however the above figures, to that balance, would 
have to be added the difference of cost between that of a permanent 
dam at Hurdwar, without which the full supply could not be relied 
on, and the capitalisation of cost of maintaining present bunds which 
suffice for present supply, this difference will probably not be less 
than Rs. 5,00,000. 

32. Again is to be added the amount of loss and compensation 
due to the stoppage of the canal. In Major Crofton's estimate, this is 
put down at Rs. 13,48,213, but in this the canal revenue is taken a t  
only Rs. 7,73,390, since the date of that estimate the rates have been 
raised, and it is expected that the canal revenue will, before the work 
can be undertaken have reached 15 lakhs. 

RS. BS. 

T o  the above, . . . . . . . . . .  13,48,213 
Will therefore have to be added, . . 15,00,000 

7,73,350 7,26,610 

Giving a revised total, 90,74,823 
33. The cost of the remodelling scheme then, exclusive of navi- 

gation above Birowlee, becomes- 
, as. 

Works, as per Major Crofton's estimates, . . . .  30,14,850 
Permanent head works (difference in cost), . . 5,00,000 

35,14,850 
Losses and compensation, . . . . . . . . . .  20,74,823 -- 

Grand Total, . . 55,89,673 
The cost of the duplicate channel scheme from 

the Jumna and remodelling below junction 
. . . . . . . . . . . . . . . . . .  being, 4]:08,689 

.. Shows a difference of, .6,80,984 

34. The 'rates for the duplicate channel, executed in the dry, 
have been taken at the same as in the remodelling; but it may be 

' safely predicted that in work executed under pressure for time, with 
a " working bee," as proposed, the rates would rule far higher in the 
remodelling than in the duplicate channel. 
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35. As previously noted, the Government of India remarked, 
that it would be desirable to incur additional outlay to avoid such a 
serious interference with the convenience of the agricultural commu- 
nity, as would be caused by the closure of the canal; it appears 
however frorn the above figures that the duplicate line would cost 
absolutely less than the scheme, which involves the stoppage of the 
canal. 

36. The disadvantages of the duplicate channel may be stated 
to be as follows :- 

lot. That it does not improve the navigation above the junction 
near Birowlee to the extent contemplated in the remodel- # 

ling scheme; leaving, as it does, a velocity of 4 feet per 
second where only 3 feet would be given by that scheme. 
The minimum headway is left nearly the same in both 
schemes by the water level being kept 3 feet 6 inchcs lower 
in the one than in the other. It is to be remembered, more- 
over, that the cost of such improvement is also omitted from 
the calculations; the improvement of the navigation below 
Nanoon (the really defective portion; is equally provided for 
in both events. 

' 2ndJy.-The asserted extra cost of maintaining and working the 
extra lengths. This is doubtful, the certain amount of extre 
establishment will probably be more than counterbalanced 
by the smaller bodies of water to be dealt with, and by the 
fact that 3,300 feet is carried only 57 miles in lieu of 158 
miles. 

3rdly.-The loss of head in the rajbuhas owing to the full depth 
originally intended not being maintained in the canal. Should 
it be deemed advisable in any particular case, t4e additional 
head could be obtained by taking the rajbuha from the fall 
above the present outlet-a sum of Rs. 1,00,000 has been 
provided for that purpose in the estimate. I t  is to be re- 
membered that in any event many of the rajbuhas will have 
to be remodelled, owing to them being below the surface. 

4thly.-The extra loss by absorption and evaporation. As regards 
the first, the 3,300 will have to travel only 57 miles before 
being utilised in lieu of 158 miles, and the latter is scarcely 
worth taking into consideration, as assuming an evaporation 
equal to 60 inches per annum, the total loss on the channel, 
57 miles long, would be equal to a discharge of only 8 feet 
per second. 

5thly.-The injury 
the water for 

to navigation in the Jumna by abstraction of 
the new canal. The whole of the water is a t  

present abstracted from the Jumna a t  the canal heads, and 
yet there in nearly 3,000 feet dowing at  Delhi, 140 miles 
lower down. Agrs is 140 miles below the n e r  proposed 
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weir; and practically there is in the cold weather no navig- 
ation above Muttra, but little above Agra, and but imperfect 
above the junction of the Chumbul river. 

37, Among the advantages of the duplicate chatinel (from the 
Jumna scheme) are- 

1at.-The maintaining irrigation permane~itly over, a t  least, the 
lower half of the main canal, and most probably over the  
whole, without any break from closing. 

2~1d.--Facility of construction, and of forming reliable estimate 
of time and cost of construction in the dry. 

3rd.-The great conveilience of a duplicate line of main canal. 
4th.-The provision without extra cost of an additional 57 miles 

of first class navigation, without a lock in the whole length. 
38. The balance of advantages appears to he so clearly in favor 

of the duplicate channel that, if the quantity of 3,300 feet per second 
can be gelierally relied on from the Jumna and Hindun-I have no 
hesitation in recommending the duplicate channel from the Jumna 
near Toghlukabad in preference to, and in supersession of the remo- 
delling of the main canal above the point of junction. 

39. As a matter of course no works should be commenced until 
that point, as to the discharge, is established; and I would recom- 
mend that, during the ensuing season, a complete survey should be 
made of this project; and that, in addition to the daily record of water 
level, the discharges of the rivers should be taken on the 15th of 
each month, from October to May inclusive. 

40. I would also recommend that stone and other materials be 
collected at the existing falls, sufficient for their complete repair 
should failure occur ; but that no further steps be taken towards the 
remodelling above Nanoon junction, until the question of general 
minimum discharge of Jumna and Hindun be settled. 

- 41. Having regard further to the facts that the above total of 
6,742 feet per second is calculated, at a standard 40 per cent. iu excess 
of present duty, to irrigate only 1$ million acres (or if 7,700 feet per 
second, about 1; million acres), and though this higher standard of 
duty will doubtless be much further raised when the system of mea- 
surement by volume shall be .generally introduced; yet, seeing that 
the culturable area of the Doab above Cawnpore is upwards of nine 
million acres, of which only about 2,25,000, are irrigated by the Eas- 
tern Jumna canal, it would appear worthy of consideration whether, 
when the duplicate channel shall have been completed, and the irriga- 
tion of the lowest half of the canal secured, the remodelling of the 
main channel above the junction might not then be profitably carried 
out, generally as proposed by Major Crofton, but with modifications 
(except as to suggested shallower foundatioiis for cisterns of new falls), 
as recommended by the Committee, when remarking on that project, 
and with such further modifications if possible (whether by use of 



iron-piling or otherwise) as may avoid the necessity for any lengthened cloeure of 
the canal. 

ESTIMATE of the coat a canal from the Jumna near Toghlukabad, 10 miles 
below Delhi, and the main line near Birowlee bridge, on Simra falls, a length of 57 

1 
! 

miles, to  carry 3,300 feet per second. 

GEORGE SIBLEY. 

-ti@ 

c. ft. 

ls5,53s,35S 

261,23~,000 

202,752,000 

- '  

599,518,553 

c. ft. 

148,896 

3,474,240 

F ft. 
9,000 

mile~.  

67 

Description of w o r t  

EARTBWOBK IH PXOAVATIOU. , 

let section, 19 milee, average depth, 9.18, . . 
2nd ,, 14 ,, n 19.80, .. 
3rd ,, 24 ,, ,, 10.59, . . 

- 
57 ,, Total of earthwork, . . 
J U ~ A  WEIR m ~ W U I ~ T O R .  

Dressed masonry, . . .. .- .. . . . . .. 
Rubble stone at place, . . . . . . . . . . .'. 
Ragulator and lock, .. . . . . . . .. .. 
' h b i n g  walls, . . . . . . .. . . . . . . 

Hiindun weir and regulator, .. .. .. . . .. 
Bridge &c. (19), .. .. . . . . .. . . . . 
Earthwork, M above, . . . . . . .. . . . . 

Cbntingsnasr, at 8 per oent., . . . . 

h b h h m e n t ,  at 7 per cent., . . . . 

Land, 64 IOIW per mile, .. .. .. .. . . 
GrandTotal, .. .. .. 
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3 

4 

3 

30 

10 

50 

20,000 

29 

4,00,600 

10,44,932 

6,08,256 
---- 

20,59,788 
--7- 

1,48,896 

8,47,424 

67,680 

1,00,000 ---- 
6 , 6 4 , 0  

2,10,000 

S,80,000 

20,119,788 

88,18,788 

2,65,108 ---- 
85,78,891 

9,50,522 

38,29,418 

37,552 ---- 
SW6,965 



A P P E N D I X  B. 

Notea on the Comparative Financial Reasl1.t of Irrigation Work8 in 
the Madras Resickncy and the N. W. Provinces. 

n o  financial n- 1. I have long been of opinion that the financial results of great 
sulb of irrigation 
wmb in Madranover irrigation works in the South of India have been over estimated, and 
&mated. that fallacious ideas of what may be effected elsewhere have been 

formed upon erroneous data, but i t  has not hitherto been any part 
of my duty to investigate the subject. 

othm - af in- 2. That the general prosperity and revenue of the districts in 
creaaed revenue. 

which such works have been carried out have .been enhanced to a 
degree unknown in less favored proviilces is an unquestionable fact, 
but as all of them are on the seaboard, i t  is certain that the great 
increase of foreign trade, and of the salt revenue, which has taken 
place in the last 20 years, must affect this result, and credit cannot I 
think be taken for the entire increase as due to the works of irriga- 
tion. 

n o  w o r h  not tm- 3. Moreover (as the Government of India have recently sug- 
tirely new. 

gested) the returns in many cases are the effect, not merely of British 
science and expenditure, but of an extensive system of hydraulic 
works which had been in operation for ages before the country came 
under our rule, but which had suffered deterioration, partly from 
from natural causes, aud partly from neglect, and have only recently 
been restored to efficiency. 

Dsscription of the 4. I t  is well known that the works in Tanjore are the prototype 
works in Tanjore by 
Major H. c. cot&, of all other improvemellts in the coast districts ; there irrigation had 

been carried on from time immemorial under the river Cauvery, the 
channels from which covered the province, and made it the " Garden 
of Southern India." ID 184.2, Major H. C. Cotton wrote as follows : 
" The main branches of the Cauvery with the branch which retair~s the 
parent name, the minor channels separating from these, and the innu- 
merable ramifications threading the surface of the Delta, are so dis- 
posed that *one can scarcely believe it was a gradual work, each 
portion the accidental result of what had been done before, but would 

' 

rather suppose it the work of consummate skill and srience, planning 
the whole system a t  once and establishing it. Changes have taken 
place during the last 40 or 50 years, disordering in some measure 
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the irrigation of certain tracts, and remedies have of late years been 
applied, but these have been almost entirely confined to restoring these 
tracts to the condition they had been in at  some former period. The 
deterioration which had occurred was due to the tendency of one of 
the arms of the river to absorb a continually increasing proportion of 
the whole of the supply, and thus to injure the irrigation dependent 
on the other arm. The remedy applied was the construction of weirs 
or anicuts across the river, and various other works, for the regulation 
of the supply to different channels." These works were in the highest 
degree successful, and the revenue which had been falling off for a 
number of years, not only regained its former maximum but rose far 
above it, and produced returns exceeding 100 per cent. on the amounts 
actually laid out in the works above described. It is, however, clear 
that snch profits were due not to these works alone, but to thednpf dtr mt 

e datr 

improvement they caused in the pre-existing canals by which their 
benefits were conveyed to every part of the Delta, and which had 
cost the British Government nothing. 

6. So also the construction of weirs across the Vellaur, Palaur, c h ~ $ ~ ~ , ~ e r $  

Pennair, Ponnyaur, Poiney, and other secondary rivers on the Eastern F$e;;&6&~E 
coast, was expressly designed for the better supply of large reservoirs merit 

of ancient formation ; which at  the best had received but a precarious 
supply and had yielded an uncertain revenue, and which had gradual- 
ly become inefficient from deposits of silt and general decay ; but i t  
cannot be fairly said that the returns in the shape of increased revenue 
are owing to the weirs alone, independently of the vast embankments 
by which the increased supply of water was stored, and which like- 
wise were heir-looms from former rulers, by whom their advantages 
were fully appreciated. 

6. T o  institute a comparison between the retnu~~erative returns Comprimn ot the 
readta of each w o r h  from such works as those of Southeru India, and the financial results w i t h k o f  the*. 

of an extensive and costly project like the Ganges canal, involving geJ cPnal falIaci0~ 

an entirely new system of hydraulic works over a tract of country 
hitherto destitute of all such artificial aids to cultivation, and in 
which the Engineers themselves were almost as much concerned in 
teaching the people the value of canal irrigation, as in constructing 
the works, is olrviously fallacious, and calculated to lead to unfounded 
expectations and disappointment. 

7. The greater part of the Southern Presidency depends mainly me ~ ~ d ~ , , , ,  ~ n -  
sidency dependent on for prosperity on its ancient system of irrigation by channels and re-it, ancient irrigation 
works, but the N. W. servoirs, without which it would be almost a desert, while the N.Pmlinceanot,,,,, and 

W. Provinces are favored with a fine climate and general fertility the canal conetruct- 
ed as a preventive of 

of soil, capable in ordinary seasons, of raising a great variety of pro- """'o~ famine* 

duce without artificial irrigation, the introduction of which by the Bri- 
tish Government was avowedly intended, not as a commercial invest.. 
ment, but as a means of mitigating the effects of those disastrous 
eeasons with which Northern India is sometimes visited ; and it is on 



such occasions that the profits derived from the canal are highest, 
because the demand for water is greatest. 

Diffmnceof revs- 8. The great difference between the Madras revenue system, 
nne yterna.  

under which irrigated land bears a permanent increase of assessment, 
and the voluntary and annual purchase of water by the Zemindars 
of the N. W. Provinces, is another material cause of the discrepancy 
upon which so much stress has been laid. The Madras Ryot pays 
the same amount to Government, so .long as his fields are irrigated 
whatever the season may be, but the Zemindar of Cawnpore or 
Meerut looks to the clouds, and'purchases canal water or not, as he 
may judge the prospect of rain to be favorable or otherwise. 

E. LAWFORD. 
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A P P E N D I X  C. 

1. 1 am quite willing to accept Sir A. Cotton's estimate of the Thehighprofibde- 
rived from Godavery 

benefits derived from the Godavery and Kistna works. But I am of and K i h ~  W O T ~ S  a t  
tribntable to the ex- 

opinion that these works were carried out under exceptionally favora- ceptionally favorable 
circnmstnnces under 

ble circumstances ; and that there are few, if any, nou-Delta forma- they were ax- 

tions in India where the same results could be attained at the same ecnted. 

proportional expense. Not only would Government be disappointed 
were they to take the returns from the Madras Deltas, as the stan- 
dard which properly managed irrigation works ought generally to 
yield, but private companies might be led, through the same mistake, 
to embark in schemes which a real knowledge of the Delta works 
would have shown them, could not be of an equally profitable charac- 
ter. In  the belief that a description of the peculiar advantages under 
which the Godavery and Kistiia works were executed will not only 
be useful in clearing away much mis-apprehension that prevails re- 
garding them, but will help the Government to understand better 
than they seem to do at present, the cause of their yielding a much 
higher rate of profit than the irrigation works in the North of India, 
I proceed to impart such informati011 as I possess on the subject. 

2. In  the Godavery and Kistna Deltas irrigation from old chan- channels for 
imgation in God.- nels was carried on to a considerable' extent before the new works vq and g i sa  

were commenced. In  the reports on the Godavery, frequent allusion 
Vide Professional is made to the old channels. They are described as being very imper- Pnpe,,,, Bfadras En- 

gineers, Vol. III., . fect, as they opened from the river bank on a high level, which ren- 11, Captain C. 8. 
dered them liable either to get an insufficient supply when the river Om's Report, No. 184; 

and page 169: Lient.- 

was lo r ,  or an excessive one when i t  was high. The actual value o f ~ ~ & ~ r t , ~ o . ~  
the channels however was not only considerable, but they afforded the 
the meails of at  once distributing the water from the new main chan- 
nels, and they possessed an agricultural class ready to use i t  as soon 
as i t  was offered them. The new works were thus enahled to return 
a profit much earlier than they could have done, had an entirely new 
system of distribution channels formed a part of the project, 

3. That the old channels in question must have been valuable Vdnable - 
adjuncts to the new works, is shown very clearly in following extract ""* "" "'" 
from Captain Orr's Report. "By what has been shown as the benefit ~ f e m i o n a l  P* 

perg Madras Engi- 
derivable from tbe anicut by means of the channels immediately neers, VOL IU, 

affected by it, it will be seen, that with an expenditure of 9 lakhs, 118. 

an annual illcrease (calculated on the lowest data) of Rs. 1,09,451 
would be obtained, a result of itself sufficient to justify the con- 
'struction of the antcut. 
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old  tanks m d  4. In  the Kistna Delta there were not only irrigation channels 
channels in gistna 
Delta. Fomersuppl~ of considerable size, but a large number of tanks, both of which have 
defectme. 

been of invaluable service to the new works. Of the channels I may 
particularize the Pullairoo in the northern section of the Delta. 
Though now of moderate size, about 50 feet near the head, it is evi- 
dently an ancient arm of the river, running on a ridge like the Kistna 
itself, and admirably adapted for distributing the water for irrigation. 
I t  sufficed by means of numerous small branches to irrigate a large 
proportior1 of the Delta ; that is when it had water. Before the con- 
struction of the anicut at  Bezwada, it was liable like the channels in 
the Godavery, to receive either an insufficient or excessive supply, 
according as the freshes might be belollr or above the average, and 
like them and the channels in Tanjore, i t  only wanted a regular supply 
to secure the revenue due to the whole of the land under it. This 
want the anicut combined with a new head 15 miles in length, sup- 
plied, and the desired result was at once attained. The importance of 
this channel and its value to the new system may be understood from 
the fact, that when 65,000 rupees had been expended in the course 
of about eight years subsequently to the admission of water from 
the anicut, solely for clearance and repairs of the channel and its 
branches, 6,500 rupees only had been expended during the same 
period in new works and improvements. The cost of repairs to the 
Delta channels is under 8 annas per acre of irrigated area, and the 
water-rent was until lately 3 rupees per acre, or six times as much. 
The, large expenditure on repairs therefore represents a large irri- 
gated area. 

~ r d t  derived by 5. Another channel existed in the southern section of the Delta 
throwing in an im- 
proved supply hy and conveyed water to a number of important tanks to supplement 
means of new heads. 

the supply from the local rain-fed streams. .A cut of 12 miles in 
length connected i t  with the anicut, and changed its supply from a 
variable and uncertain quantity to a certain and uniform quantity. 
There were 17 tanks under this channel, and the average revenue de- 
rived from them, from 1851 to 1855, that is for four years prior to the 
introduction of a supply from the anicut, amounted to Rs. 52,929, 
the minimum being Rs. 31,458, and the maximum Rs. 70,092. The 
revenue derived from the same tanks in 1863, the last year of which 
I possess the accounts, was Rs. 1,39,323 showing an increase over the 
former average of Rs. 86,394. The fluctuation of the revenue before 
the admission of water from the anicut was very remarkable; thus 
in the course of four years only, four of the tanks yielded respectively 
a minimum revenue of Rs. 0, Rs. 10, Rs. 323, and Rs. 123, and a 
maximum of Rs. 3,321, Rs. 2,908, Rs. 3,663, and Rs. 6,327. 

*cario~~ caltiva- 6. The supply of the tanks was formerly very precarious, aild the 
tion done way with ; 
revane w-i and above exa~n~ les  testifv to what extent both Government and the 
inarsmed. I 

Ryots were liable to suffer. The immediate effect of the more certain 
supply from the anicut was to give confidence to the Ryots, to secure 
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the revenue at the highest figure to which it could have risen had tbe 
tanks received a good supply from rain, and by doing away with all 
risk of loss to the cultivators, to induce an extension of the caltiva- 
tion, and a further increase of revenue. But without the aid of the 
tanks and the channels leading to them, which were, as I may say, 
superadded gratis to the anicut works, the same increase of revenue 
could not have been attained, excepting by a large additional expendi- 
ture on new channels or tanks, and a delay of several years. 

7. Besides the above, there are another series of tanks in the h~'~!&~$,;~ 
Kistna Delta which were fed by a number of small channels from the 
river. A short branch from the new main channel into a cutting 
which had been formed to make an embankmetlt along the river, fed 
these tanks with a regular, instead of their former precarious supply, 
and a large increase of revenue was the result. 

8. I t  will thus be seen that the Godavery, and still more the l;iYti.Atn;fzll$ 
Kistna Delta works, started in possession of some advantages over an z8zp am- 

entirely new system of works like the Ganges canal, where not a 
single village channel existed along the length and breadth of the 
eountry to be irrigated, and where the cultivators were unused to my 
other mode of irrigation but that by means of wells. The Godave y 

, and Kistna works have other advantages in regard to the alignment 
of new channels, which alone would render a comparison between 
them and the canals in the N. W. Provinces, altogether unfair. 

9. The anicuts which have been con~tructed across the GO-,~$~~~,P,"~,"~ 
davery and Kistna are about 14 and 19 feet, respectively, above the ;::& zzq 
bed, and the ground along the banks may be from 13 to 17 feet 
above the crest of the anicuts. The 6eads of the main channels are 
between 5 and 6 feet lower than the crest, consequently the depth of 
cutting will be from 18 to 22 or 23 feet. 

10. If this depth of cutting had to be maintained for any consi- 2: "fay@",',": 
derable distance, the expense of conveying the large body of water E%ym1 m* ' 
required for the irrigation of the Delta would be very great. But 
the fact of the country to be irrigated being liable to pel?iodical 
inundation by the river from a remote period, implies that the de- 
posits during a series of years have raised the land along the banks to 
a higher level than that at a distance from them, so that the deep 
cutting at the head of the main channels, works out into a moderate . 

and inexpensive cutting in the course of a few miles. 
11. Sir A. Cotton in one of his early reports on the Godavery, hf~;fE;zg 

thus describes the peculiarities I have mentioned :--" Besides the F ~ ~ C o d # o ~ ~  

slope of the land towards the sea in a Delta, it has another slope, ~ ~ ~ k o m d ~ a p ,  
Enginm, viz., a fall from the river in a direction perpendicular to its course, VO~.  m., p. 20. 

and the fall is much more rapid than that towards the sea. In  the 
present case it has been ascertained to be, near the head of the Delta, 
16 feet in two miles from the west, and 7 feet in two and a hdf 
miles on the east side. Thirteen miles lower down, that is twenty- 
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five miles from the sea, the fall is 9 feet in two and a half miles on 
the west side of the Godavery. Thus the river banks form a ridge 
from 18 to 7 feet above the level of the land, at the distance of from 
three quarters to two and a half miles distant on either side, provid- 
ing most remarkably for the leading out of the water upon the 
lands. 

" The apparently formidable operation of bringing the water 
from the bed of the river is upon an examination of the level reduced 
to this, that the highest part of the Delta is only 8 or 10 feet above 
the bed of the river in its immediate neighbourhood, that is within 
two miles of it, and that if an anicut be built I 1  feet high above the 
deep channel of the river, the deepest excavation for the irrigating 
channels will be 18 feet, and within two miles, the country on the 
west side would be below the level of the top of the anicut. On the 
east side the iands would be on the same level within about four 
miles. The apparent objection arising from the great depth of the 
river is thus completely disposed of." 

aanges canal had 12. On the Ganges canal the water before reaching the tract of 
to be camed across a 
nnmber of torrents, coui~try requiring irrigation, had to be carried across a series of for- 
or in a very long cut- 
ting, before the irri- midable torrents, which required a vast expenditure of time and mouey. 
gation limit wnld be 
reached. Had the canal been opened from the river below the point where the 

last of the torrents joins it, it would have had to traverse a distance 
of 50 or 60 miles before the irrigation limit could be attained. I n  
either case heavy expenditure was necessarily entailed before the water 
could be turned to any use. 

Heads of main 13. The main channels in the Godavery and Kistna are ,simple 
channels in the Deltas, 
simple and incxpen- cuttings, unimpeded by any natural difficulties. Combined with the 
sivo works, and the 
length of distribution anicuts, these short cuts carry the water to the points from which it 
channels 30 or 40 
miles on the averago. may be distributed to every field in advance, to near the sea, and the 

distribution channels have not to extend beyond ar. average distance 
of 30 or 40 miles. 

Ganpcanaln- 14. On the Ganges canal the water is conveyed over much 
k l y  of great length. 

more unfavorable ground to a distance of 350 miles from the head. 
, Sir A. Cotton considers this fact, as one of the errors of the origi- 

nal project. The practicability of forming separate heads between 
Roorkee and Cawnpore in order to reduce the distance to which 
water is conveyed, without being utili~ed, forms the subject of separate 
enquiry. 1 may remark in this place, that the principal object of the 
Ganges canal was to ameliorate a famine, and with this ob-ject the 

Vide Sir P. Cant- 
l e ~ * ~  Reprt on  on- water was distributed in a certain proportion over a much larger tract 
trcrl DoahCPnrl, 1840. 

of country than was economically necessary. Had it not been for the 
restriction thus laid on the projector, he could have utilized the whole 
of the available supply of water in a canal of one-half or one-third the 
length to which it has been actually carried, and would have had the 
opport~inity of effecting a large saving in the cost of the work. 

Waste Lsnd in 
~ d f u  15. There are sever4 other facts which serve to explain in 
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some measure the high and quick returns yielded by the Godavery 
atid Kistna works. There is an enormous extent of waste land in the 
Deltas : the great mass of it is either sandy or more or less swamp, but 
large tracts not far removed from the sea and recently inundated by 
it are unfit for cultivation until the soil is improved. Both this and 
the sandy soil, however, become as valuable as any o t h e ~  land in the 
Deltas, after several floodings by the river water, loaded as it is with 
mud of the most fertilizing character. 

16. Large tracts are thus rendered productive, which in their hrge  profits dark- 
ed. 

natural state were absolutely useless. A further extent of country 
is brought within the influence of the ~ e l t a  channels by embanking 
or draining swamps. I t  is a common occurrence for 1,000 or even 
9,000 acres of such waste land to be taken up in one plot for rice 
cultivation in a single season; and there is one instance in the Kistna 
Delta, of the Ryots of a number of villages uniting to present an agree- 
ment .to take up in one block 15,000 acres of waste land as soon as 
certain drainage and irrigation channels should be completed, and to 
pay Government rent for it at the rate of Rs. 6 per acre, or Rs. 90,000 
in all per annum. 

17. This is no exaggeration, as the land was actually taken up N O B ~ C ~  advan* 
on the Doab. 

on those terms as fast as the drainage and irrigation works progressed. 
The canals in the N . W. Provinces have no such advantages. Not only 
is the area of waste c~~ltivable land in the Doab between the Ganges 
and Jumna of comparatively small extent, but the revenue settlement 
extends over a period of 30 years, and the cultivator hau to pay no 
more for irrigating waste land, than the small water-rate which he 
has to pay for land already under cultivation. 

18. But on the other hand, high as the returns have been from %turns from Del- 
tas retarded by in- the Delta works, they would have been far higher had the works ex- sufficient allotments 
of f~mds to complete perienced a tithe of the liberality with which the Ganges canal has th e works. 

been treated from first to last. Notwithstanding the Government have 
received incontestible proofs of great and manifold advantages having 
accrued, both to themselves and to the country, from the extension of 
irrigation in the Madras presidency, the works which above all others 
may be taken as the type of what can be accomplished, when a sup- 
ply of water can be cheaply distributed, are only half finished. 

19. The Government readily sanction the estimates for the ~timatessanction- 
ed, but money not 

various n'ew works and extensions that are ~obmitted to them, but a ~ . j ~ a ~ * ~  to complete 
vprionu works. the money to carry them out is not forthcoming. Not even the 

modest demands of fie local officers for a fixed and regular annual 
allotment of 5 lakhs of rupees per annum for new works on the Goda- 
very and Kistna united, until the Delta system shall have been fully 
developed, has been complied with. Channels which may have been in 
progress in one year, are summarily stopped the next, or if the main 
channels are completed, the funds required to  carry out the minor 
works, and to turn the others to prafitable account may not be granted, 
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though the works themselves have received the complete approval 
of Government. Numerous instances could be adduced in which the 
delay that has thus arisen in utilizing the supply of water, has occa-, 
sioned a large loss of revenue. 

A the 20. I have dcscribcd the adnntages which the Delta works had grants for expendi- 
ture n- to at  starting over the G ~ r ~ g e s  canal, and to render the cornparis011 a fair 
complete the com- 
parisonbrtreenDel%ne, work8 and Gangea I think myself bound to take conspicuous notice of this one 
canal. great disadvantage which thcy have had to contend against for a long 

succession of years. 
channela 21. Mauy of the drainage channels in the Godavery and Kistna naed for lmgntion jn 

F12 2 . n o t  have heen used fur carrying the water for irrigation. In  the coun- 
try affected by the Ganges canal the drainage courses are deep, 
and nothing woul? be gained by using them as irrigation chan- 
nels. Had they been shallow, the local Engineers would probably 
still have avoided them, and wollld have preferred to go to the 
expense of excavating new channels rather thiln interfere with the 
proper function of the drainages. Allowing that there are serious 
disadvantages in using channels for both purposes, there can be no 
doubt, that the Engineers in the Godavery and Kistna have secured 
a large additional revenue by being content to use imperfect channels, 
when time and money would have been required for the excavation 
of new ones. 

SnampinginBltrr 22. The  slight fall of many portions of the Deltas, combined 
not nnhdthy, aa it ir 
in the DO&. with the system of using the natural channels for purposes of irriga- 

tion, serves to produce extensive swamping ; notwithstanding this, it 
is a remarkable fact, that the Deltas are more healthy than otl~gr parts 
of the district. Fever especially is far less pl-evalent in the Deltas 
'than in the country ilnrnedi~tely beyond it, where there is but little 
rice cultivation and no swamps. The cause is unknown to me. I t  
can hardly be the influence of the sea air, because the formation of 
the east coast of India closely resembles that of other countries 
which are notoriously unhealtlly. I t  is more likely I think to be in 
the geological formation of the soil. However that nlay be, it would 
bz useless to attempt to prove that ill-drained rice ct.ltivation in the 
N. W. Provinces should be healthy because i t  is healthy in the hIa- 
dras coast districts. 

Few bridges mua~ 
the' Delta clmcnele. 

93. There are but few bridges on the Godavery and Kistna 
canals. I n  most cases bridges are built over the locks, but on several 
of the channels there are no bridges for 30 miles and upwards. On 
the Ganges canal the bridges are built a t  every two or three miles 
apart. They have not been constructed in such profusion simply 
because the Engineers thought them necessary or wished to construct 
them, but because the Local Gove~nment, acting as they would act 
towards II, private company, insisted on having them where communi- 
cations were intersected. 

wn~l  ~ t .  24. Sir A. Cotton's argument in favor of the procedure which 
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has been followed in Madrrs seems a sound one. Doubtless, in some zzJt ;:?&?: 
parts of the Deltas, consitlerable inconvenience is occasioned by the tending 

want of bridges, hut if only a limited sum was available for expendi- 
' ture, it. was best that it should be used to extend the irrigation. 

25. The actual want of bridges is not so great in the Deltas as Bridgesreqniredin 
ter n1unbe.r in tho 

in the N. W. Provinces, for the nature of the soil and absence of suita- 8%. 

ble material are almost to the formation of roads, which 
should be passable in the rains. Indeed, there are no metalled roads 
in the Deltas, but the numerous navigable canals supply their place 
along the principal lines of traffic, and any other traffic is unimportant. 
In  the Ganges and Jumna Doab, there are greater facilities for moving 
carts ; the estent of thickly populated country is much greater ; aud 
there is a far higher proportion of important towns and villages, than 
are to be found in the Godavery and Kistna. Hence, Inore cross com- 
milnicatio~i is necessary, and we may reasonably expect that bridges 
at short intervals will be looked upon as a necessary addition to the 
canals. I may add that the canals in the N. W. Provinces, are rarely 
closed unless for emergent repairs, when some sacrifice of revenue is 
likely to be entailed ; and that bridges can be built at  a considerably 
less cost in the first instance before water is admitted, than would 
be possible afterwards. 

26. Thus it appears that a considerable expenditure on account Con~iderableorrtlsy 
saved to Delta w h .  of bridges has to be borne by the Ganges canal, while the Delta chan- 

nels in Madras are relieved up to this time of any heavy charge on the 
same account. 

27. I n  the Godavery and Kistna channels navigation and irriga- 'on combi- 
nedN.:P lmgstion in tion cah be carried on together more favorably tha~i is possible on the hlu =hmneI4rnom 
fnv'orablr thm ie a- canals in the N. W. Provinces. The principal crop in the Deltas is +,,lo h - ~  w. 

rice, which requires water from J u l y  to December. There is also VULCea. 

sugar-cane and a second crop of rice in the Godavery, but the area 
and quantity of water consumed by them is small conpared with the 
requirements of the others. The channels are aligned with a slight 
fall, generally from 3 to 6 inches a mile, and locks are placed a t  such 
intervals as will allow of still water navigation, when the water is not 
required for irrigation. 

98. The surface fall of the channels does not necessarily corres- krp mppiy 
water In Delta h- 

pond with the fall of the bed. For three or four months in the year, ne~r for only a 
tion of the year ; dif- 

July to October, i t  may be increased to 9 inches per mile. ThefeRnt circnm8tancss 
of crop in Delta d velocity, especially in the upper reaches, is then very considerable, the 

and boats cannot work up stream without some difficulty. But for 
the remaining eight rnoilths of the year, rr smaller body of water is 
admitted from the river, and for half that period there is practically 
still water navigation. On the Ganges canal, on the other hand, the 
principal demand for water is not during the rains, when the river could 
supply any quantity that might be required, but during the dry sea- 
am. Rice is the great staple produce in the South of Indh, wheat 



that in the N. W. Provinces. The one is raised in the rains, the 
other in the dry seaqon. The wheat crop on the Jumna canals is 
greater than all the rain crops united. These canals have been in,  
operation for many years, and rice cultivation has in no way been dis- 
couraged, unless near cantonments and large towns; yet it has not 
extended to such a degree as to require a greater supply of water 
than the wheat. The following figu;es which are taken from the last 
report (for 1864-65) of the Chief Engineer, Irrigation Department, 
Punjab, serve to show the state of the Irrigation under the Western 
Jumna canal. 

Total number of acres irrigated during 1864-65, 434,965. 
Area in acres of the principal crops irrigated for the last five 

year :- 

Rice, . . . . . . . . 
Cotton, . . . . . . 
sugar, .. .. .. 
Wheat, . . . . . . 

1860-61. 
(Famine year.) 

44,965 

43,706 

26,102 

1,s 1,208 
-- 

2,95,97 1 

Demand for water 30. From the above it appears that the demand for water in 
as great in dry eurson 
M in raina April was as great as in July, and in December and March as in Au- 

gust, though July and August trre mouths in which rice requires a 
plentiful supply of water. 

,, be 31. Instead therefore of the demand for water being fluctuating 
y w  available for still 
,,aotioa a is the catse in the Delta channels, it is nearly constant throughout 

The rice and cotton are rain, or " Khureef" crops. Wheat, dry 
weather crop, or " Rubbee :" the sugar is irrigated in both seasons. 

~ischsrge of wes- 20. The average monthly discharge of the canal was 1,784 cubic 
tarn Jamnacanal dw- 
ingeach month feet per second ; 243 acres were therefore irrigated in 1864-65 by each 

cubic foot per second. The following was the discharge during the 
different months :- 

Khureef. Rubbee. 

May, . . . . 250 
June, . . . . 1,985.2 
July, . . . . 2,43 1*80 
August, . . . . 1,559.15 
September, . . . . 2,265 
October, .. .. 2,554 

Avcrage, . . 1,791 

November, . . . . 2,481.8 
December, . . . . 1,717.5 
January, . . . . 482.73 
February, . . .. 1,533-28 
March, . . . . 1,898.05 
April, . . . . 2,554 

1,777 



the year, an exceptionally high supply is not wanted owing to the 
rains; on the contrary the maximum supply required is that yielded 
by the river during the dry season, and the current will have to be 
kept up at its maximum during the whole of the period, which on the 
Godavery and Kistna is available for still or nearly still water navi- 
gation. 

J. C. ANDERSON, LIEUT.-COLONEL, 
Royal Engineera. 
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A P P E N D I X  D, 

Note on t k  deep cutting o j  the Ganges canal, and the supposed Meets 
of irrigation in the salubrity o j  the N. W. P~m~nces. 

-pcntting~fthe 1. The second of the fundamental mistakes imputed by Sir 
caad lmpated ae the 
aecona fundamental Arthur Cotton to the original construction of the Ganges canal is, that 
mi8take. 

the whole of it "has been cut so as to carry the water below the level 
of the surface, entailing a vast unnecessary expenditure, and keeping 
the water below the level a t  which i t  is required for irrigation ; also 
that in cutting the canal deep in order to prevent the water keeping 
the neighbouring lands in a wet state, its Engineers produced the very 
effect they intended to prevent, because they cut through the mater- 
tight stratum, and let the water into the lands below, which carry it 
all through the country." 

2. There can be no doubt that a considerable saving might 
have been effected by carrying the canal on a higher level and keeping 
the surface above soil, but as the heads of the rajbuhas or main distri- 
buting chaunels are governed by the levels of the weirs or falls, there 
does not appear to be any difficulty (except in the Etawah branch) in 
regard to the irrigation, which commences within 19 miles from the 
canal head. 

The effect mnai- 3. With respect to the evils supposed to be caused by the per- 
dered to be exagger- 
ated. colation of the canal water through the sandy soil below the harder 

upper crust, it seems that this effect has been exaggerated, as no 
evidence of it appeared along that part of the canal inspected by the 
Committee ; the only appearance of ooze being where the level is high 
nor was any illformation received on the subject; but supposing i t  to 
be partly true, it cannot possibly extend "all through the country," 

h b a b l e  m l b o f  norian it cause the formation of swamps likely to influence the salu- 
imption in raising 
thelrpringleveL brity of the district. The general effect of extensive irrigation will 

no doubt eventually be to raise the spring level of the tract irrigated, 
but this will not depend on the surface level of the main canal. 

R i a  of carrying 4. On the other hand, there does seem to be no small risk in 
the canal on a high 
level carrying a large body of water at  a considerable elevation for a great 

distance between embankments, composed of such poor materials as 
even the best soil of these districts, and as i t  is very doubtful if i t  
was possible to ensure throughout an impermeable bed, it seems that 
the deeper cutting although more expensive was the safest plan. 
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5. In  the Delta of the Cauvery the annual rise of the rivers , e ~ a , " ~ $ ~ ! l ~  

above the level of the country over which they spread is invariably r z m t  the 

followed by a corresponding appearance of spring water on the ad- 
jacent lands, and constant vigilance is required to secure the embank- 
ments. 

6. But it is remarkable that although that Province is more or ineR,by-y 
less inundated for half the year, and extensive swamps are formed monly believedta n- 

salt from irrigation 
along its southern coast, malaria is unknown ; a fact as little capable in the N. W. pro- 

vince& 
of explanation as the existence of the evil oi the rocky uplands of 
Coimbatore and Mysore, and especially along the banks of the same 
river Cauvery ; and no inference can be fairly drawn from the salubrity 
of the Southern Deltas and other irrigated districts, to invalidate the 
common belief in the malaria caused by irrigation in the N. W. 
Provinces. 

E. LAWPORD. 
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A P P E N D I X  E. 

Note on the section of the proposed weirs across the Ganges and Jumna. 

This section being avowedly prepared more in conformity with 
that of the Godavery anicut, than those of weirs in Tanjore and other 
Southern districts of Madras, I am desirous of explaining m'y own 
views on the principal points in which the proposed work differs from 
the latter. 

1st. The depth of the wells. The Madras wells are sunk only 
10 feet below the bed of the river, not merely because they are as firm 
at  that depth as if they were carried lower, provided that no scour re- 
moves the sand, but on account of the great di5culty and expense of 
increasing their depth. Experience has however shown that without 
an almost unlimited supplr of rough stone for their protection, it is 
not safe to rely on this depth, even in the firm coarse sands of the 
Southern rivers ; much less then would it be prudent to do so in the 
beds of the Ganges and Jumna, consisting of remarkably fine mica- 
ceous sand, totally unlike the former, and sinking when wetted under 
the slightest pressure. 

2nd. The breadth of the cut stone apron. This has been fixed 
at  50 feet, for a dam 9 feet, or with its upper board 12 feet high, and 
may seem excessive compared to those of the south, which seldom eb 
if ever exceed three or four times the height of the weir. I, however, 
concur in the proposed plan, because I believe i t  will often be found 
impossible to remove the board in time, and then the height of over- 
fall will closely approximate to the same proportion to the apron as 
in the Southern rivers. This difficulty has been felt at the Godavery 
anicut. .Further, as there is no doubt that the beds of the rivers will 
become raised even above the height of the weirs, the overfall will in 
time be extended beyond its first distance, and may act on the rough 
apron with too great force. 

3rd. The rough concrete apron is carried out 120 feet, with 7 
feet of depth at the inner, and 3 feet at  the outer, edge. With a cut 
stone apron of 50 feet, I cannot think such a broad Inass of rough 
material beyond will at first be necessary, but considering the nature 
of the sand already described, and the inferior kind of material of 
which this part of the work must necessarily be formed, I have no 
doubt that the aggregate quantity will be ;equired in a year or two, 
and it ought certainly to be provided for in the estimates. 

E. LAWFORD. 
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ESTIMATE, No. 1, of the probable expense of a channel from the 
Ganges at Raoli Ghat to join the Ganges Canal, at 1168 miles 
from Hurdwar. 

Width, 180 feet, side slopes, 2 to 1 ; depth of water, 10 feet ; embankments, 12 
feet wide at crest ; 5 feet high above water surface ; side slopes, 2 to 1 ; fall, 52 
inches per mile ; total length, 70 miles. 

Ru~rrs. 
1. 1 to 9th mile. Depth of cutting varying from 3-5 to 11.5 feet : 

contents, 81,404,400 cubic feet, at  3 Rs. per 1000, . . . . 2,44,213-2 
2. 10 to 16th mile. Embankment from 9-5 to 13.75 high; contents, 

31,159,020, at Rs. 5 per 1000, . . . . . . . . . . 1,55,709-6 
3. 17 to 29ath mile, 109 miles. Embankment, average height 19.4 

feet ; contents, 55,287,672 cubic feet, at Rs. 5 per 1000, . . 2,76,438-4 - 

Concrete wall in centre of bank, at  Rs. 6 per running foot, . . 3,36,60OS0 
2+ miles cutting, average depth 8.3 feet ; contents, 23,693,243, at 

Rs. 3 per 1000, . . . . . . . . . . . . . . 7 1,079.7 
4. 293 mile to 52nd mile. Berms 12 feet wide, three above water; 

cutting, 10# mile, from 25.2 to 36'4 feet ; contents, 418,532,664 
cubic feet, at Rs. 5 per 1000, . . . . . . . . . . 20,92,663*3 

Cutting for 11 miles, from 15 feet to 24'3 feet; contents, 
260,973,504 cubic feet, at Rs. 4 per 1000, . . . . . 10,43,894*0 

Embankment across Kala Nuddee, width of crest 20 feet ; height 
14.6 ; contents .70,96,330, at Rs. 8 per 1000, . . . . . . 56,7705 

5. 53 to 70th mile. Cutting from 5 to 14 feet ; contents, 172,666,560, 
at Rs. 3 per 1000, . . . . . . . . . . . . . . 5,17,999-7 

I 

RUPEES. 
1 to 9th mile, . . . . . . ... 2,44,2 13.2 
10 to 16th mile, . . . . . . . . 1 ,55,79gw6 
17 to 29;th mile, . . . . . . . . 6,84,118* 1 

299 to 52nd mile, . . . . . . . . 20,98,663-3 
10,43,894*0 

, Embanking Kala ~ i d d e e ,  . . . . . . 55,770.5 
53 to 70th mile, . . . . . . . . 5,17,99gS7 - 

47,95,458.4 
Masonry works, 70 miles, at Rs. 15,000 per mile, 10,50.000 --- 

58,45,458.4 
Contingencies, at 8 per cent., . . 4,67,636-6 -- 

63,13,095*0 
Establishment, at  7 per cent., . . 4,41,916.0 

Land, 70 acres per mile, for 70 miles, at Rs. 24, 1,17,600*0 
68,72,611°0 
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ESTIMATE, No. 2, of the probable cost of con~tructing a weir 
acro~ls the Ganges at Raoli Ghat, 4; miles below Sookertal. 

I. ,WEIR. 
1. Cut stone floor, 50 x 11 = 75 

87, at Rs. 2-8 per foot. . . . .  217.5 

Concrete or brickwork- 
. . .  Floor,. 59 x P i  = 265'5 

Body wall,. . 8 x 8$ = 68 
Rear apron, 120 x 5 = 600 
Front, .. 30 x 7 = 210 I 

- 
1 143-5, at Rs. 30 per 100, . . . .  343.05 

Wells, . . 3 x 6 x 15 = 270, at Rs. 60, . . . . .  102*00 

Total, per foot run,. . . . . .  722.55 
Total for weir, 722.55 x 4000 = 28,90,200 

Cast-iron sta~ldards and planking, . . 5 x 4000 = 20,000 

+ lo = 162.5, at Rs. 30, 2. Walls,25 x 7- = 48.75 

Wells, 2 x 6 x 15 = 180, at Rs. 60, = 108.00 
Concrete apron, in front, 30 x 7 = 210, at Rs. 20 = 42-00 

Total per foot run, . . . .  198.75 
Total for wing walls, 198.75 x 1,600 = 3,18,000 

3. Concrete blocks along foot of embankment through Khadir, 
5280 x 7 x 30 = 11,08,800, at Rs. 30 per 100, 2,21,760 

ABSTRACT. 
RUPEES. 

. . . . . . . . . . . . . .  1. Weir, 29,10,200 
. . . . . . . . . . . .  2. Wing walls, 3,18,000 

3. Concrete blocks along embankment, . . 2,21,760 
. . . .  4. Head sluice and under sluices, 2,50,000 

Embankment, . . . . . . . . . .  50,000 -- 
37,49,960 

Add 10 per cent. for contingences, . . 3,74,996 

4 1,24956 
. . . .  Establishment, at 7 per cent, 2,88,747 

44,13,703 
-- - 

NoTE.-SO per cent. has been sddcd to ordinary rates for xork to be executed in water, to cover cost of temporary 
embankments,.b.ling, 1- fmm fld, kc., kc. An exceptionnlly high rate i s  dlowed for well foundations, owing to the 
depth of their head8 Wow low water. 
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ESTIMATE, No. 3. Weir and Works, near Rajghat. 

31,68,00,000 cubic feet in 36 feet cutting, at Rs. 5 per 1000, . . 
38,58,00,000 99  . 27 ,, 9,  4 ,, . . 
10,80,00,000 P I  15 ,, 9, 3-8 ,, . . 
19,30,00,000 99 10 ,, 9 3 ,, . . 
Bridges 10, at 25,000 each, . . . . . . . . . . 
Crossing nullahs (4) and passing canal under Futtehghur 

hranch, . . . . . . . . . . . . . . . . 

Contingencies, at 8 per cent., . . 
62,46,720 

Superintendence, at 7 per cent, . . 4,37,270 

66,83,990 
Land, 42 miles, 'at 70 acres per mile at Rs. 24 per acre, . . 70,560 

Total for channel, . . 67,54,550 

WEIR. 
Wells 7 x 7 x '7854 x 3 x 30 = 450, at  Rs. 30 per 100 

cubic feet = Rs. . . . . . . . . . . 135-0 
.. Sinking and curbs for ditto, Hs. . . . . . . 90-0 

Bhurtpore cut stone apron, 30 x 3 = 60 
Weir face, .. 6 x 3 = 18 
Coping, . . .. 5 x 3 = 1 5  

- 
93, at Rs. 2-8 = 232-8 

Best block kunker, dressed, 20 x 1'.9" = 35, at Rs. 1 = 35-0 
Second $9 ,t 10 x 1'.6" = 15, at Rs. 0-12= 11-4 
Rubble masonry under apron, 60 x 6 = 360 

,, body of weir, . 9 x  8 =  72 - 
432 at 2& = 130-0 

Dry rubble, down-stream, 90 x 4 = 360 

9 )  UP 93 30 x 10 s 300 --- 
660 at 'b = 99-0 

100 

Moveable board and posts, per foot run, . . . . . . 5-0 
Puddle, per foot run, say, . . . . . . . . .. 10-0 

LII 

Total, per foot run, . . 747-12, say 748 
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Length of weir. 4.500. at Rs . 748 per foot. .. . . . . 33.66. 000 
Sluice and regulator. .. . . . . . . . . . . 2.50. 000 
Wing walls and lock. 24 feet wide. .. . . . . . . 1.50. 000 
Training and protecting banks. .. . . . . . . . . 1.00. OOO 

38.66. 000 
Contingencies. at 10 per cent.. . . . . 3.86. 600 

42.52. 600 
Superintendence. at 7 per cent. .. . . 2.97. 680 -- 

Total for weir. .. . . 45.50. 280 
Total for channel. .. . . 67.53. 990 

Total for the whole work. .. . . 1.13.M. 270 



ESTIMATE, No. 4. Weir and works on the Jumna, for a project to 
carry 3,300 cubic feet per ~econd. 

13,24,2.3,400 Excavation in 10 fiet cutting, at Rs. 3, 3,97,267 
25,87,20,000 8 ,  14 Y ,  ,, 3, 7,76,160 
28,53,66,080 y ,  23 99 ,, 4,' 11,45,464' 
Bridges 19, a t  Rs. 2,000, . . . . . . . . 3,80,000 
Crossing drainages, . . . . . . . . . , 1,60,000 

Total, .. . . 28,49,891 
Contingencies, at  8 per cent., . . 2,27,991 

30,77,882 
Superintendence, at 7 per cent., . . 2,15,451 

32,93,333 
Land, 57 miles, at 64 acres per mile, at Rs. 24 per 

acre, .. , .. . . . . . . ) 87,552 33,80,885 

Weir, per foot run- 
Cut stone apron, . . .. 50 x 1:= 75 
Do. front of weir, . . .. 7 x 2 = 1 4  
Do. coping, . . . . .. 6.5 x 2 = 1 3  

102 at Rs. 0-12 = 76-8 
Wells, including sinking and curbs, &c., 3 x 6 x 15 = 270, = 162-0 at Rs. 60 per 100, . . . . . . . . . . . . 
Rubble rough stone, down-stream, 120 x 5 = 600 

9 3  ,, Up ,, 30 x 7 = - 210 
8 10, at Rs. 6 per 100 = 48-9 

Rubble masonry, . . . . . . 59 x 4$ = 265 
8 x 8+ = 68 

333, at Rs. 18 - 60-0 
347-1 

Length of weir 2,500, at Rs. 347 per foot, . . 8,67,500 
Moveable board and post, at Rs. 5 per foot run, . . 12,500 

Sluices and regulators, . . . . . . . . 1,50,000 
Wing walls and two locks, . . . . . . . . 1,50,000 
Training and protecting banks, ... . . . . 50,000 

Total, 12,30,000 
Contingencies, at 10 per cent., . . 1,23,000 

Total, 13,53,000 
Superintendeuce, at 7 per cent., . . 94,000 -- 

Total, . . . . 14,47,000 
Weir and passage over Hindun, including 

training and protecting walls, . . ) 440, 2,50,000 16,97,000 
- 

Total Rupees, . . . . 50,77,885 
Say, Rs. 51,00,000. . C  
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ESTIMATE, NO. 5.- Weir and works on the Jumna. 
project to carry 1,600 feet per second. 

7,02,15,000 cubic feet in 10 feet cutting, at Rs. 2-8 per 100, 
14,41,44,000 9 9  14 Y Y  9,  2-8 ,, 
18,09,50,100 Y 23 3, - '  ,, 3-8 ,, 
19 bridges, at Rs. 15,000, 1. . . . . . . . . . . 
Crossing drainages, 

" '0 " . . . . . . 

Contingencies, a t  8 per cent., . . . . 

Superintendence, at 7 'per cent., . . . . 
Land, 58 miles, at 50 acres per mile, at  Rs. 24 per acre, . . 

Estimate. for 
t 
I 
1 

Total for channel, . . 
Total for weir ovel Jumna and Nindun, as in precedi~ig 

estimate, . . . . . . . . . . . . 
. . .  Total for project, 
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