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.4 dminiatration Report f,.om the commencement to tlie end 'If tlie �inancial 
year 1878-79. 

'fms Report is for the most part a compilation from the Annual and other 
Reports submitted by the Engineer-in-Chief. A map is attached showing the 
country in the neighbourhood of the line and the principal geographical features 
which affect it. 

The line from Lahore to Mooltan had been.constructed by the Punjab Rail­

Early Hiatory 1865 to 1870. 
way Company, and that from Kotri to 
Karachi by the Scinde Company. 

The " connecting link " of 500 miles between Mooltan and Kotri was first 
surveyed in the interests of the latter Company about the year 1865 by Mr. 
Brunton. . The general line of his survey coincides with that finally adopted, 
except that he did not diverge to Shujabad between Mooltan and Bahawalpur, 
and that to avoid the Mirpur floods he kept to the eastward on the line of 
desert. He also surveyed an alternative line below Sukkur on the· left bank of 
the lndus running directly to Hyderabad. 

1870-71. 

2. The State first undertook this line of rail way in 1870-7 J, and in the cold 

Flnt 1111dertaken u a Staie-work in 187fl.JTI. 
weather of that year the upper section, 
between. Mooltan and Sukkur, was sur­

veyed, being divided for the purpose into two Districts; the Mooltan D-istrict of 
137 miles, and the Rohri District of 133 miles. 

1871-72. 

3. The field work was- completed, and during the hot weather of 1871-72 

Operations darmg 18'11-711. 
the parties were engaged in plotting and 
reducing their work -and in preparing pre­

liminary estimates, which were submitted to Government in the autumn. A party 
of Engineers was also engaged on the arduous task of watching and- recording 
observations of the floods in the Upper Scinde District,.a duty involving. constant 
exposure and much hardship.· 

4.· In No.vember 1871 sanction.was given to commence the work generally 

Ord of both Districts, excluding the bridge 
en to commenee work given in Nemnber 1871. 

over the Sutlej river at Adamwahan. At 
the·same·time 'the two·Districts were subdivided into. six Eucutive · Diviaions, 
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and the name of the lower district was altered from " Rohri" to that of the 
" Upper Scinde" District. 

Ii. In December 1871 an Engineer-in-Chief was appointed to the charge of 

&arrey of the Diltric& below Sallm lllldertakm Jan- the whole line from Mooltan to Kotri, and 
ur, is72. in January 1872 the lower section, Suk­
kur to Kotri, about 280 miles in length, was constituted a district, to be called 
the " Lower Scinde District• for survey operations which were immediately 
commenced and rapidly completed. 

1872-78. 

6. In the hot weather of this year the Survey parties of the Lower Scinde 

Completion of tbeee Sarveyt. 
District plotted their work, and submitted 
an estimate to Government, which was 

accepted, and work was ordered to be commenced. 

7. To equalize the charges of the whole line, a final distribution was 
made in January 1873, as follows :-

l'lnat eqnal\zatlon md diatributlon of Ezecutl" char-
pl and Supenntending Eugiueer'e Diatrict&. 

Mooltan Dutrict-Mooltan to mile 
172, excluding the Sutlej Bridge Division, which remained under direct charge 
of the Engineer-in-Chief, comprising-

Sbujabad Diviaion, .. •• •• . . 60 miles. 
(Sutlej Bridge Diviaion, •• .. . . 13 

.. ) 
Baba,.alpur Divi1ion, .. .. . .. .. 59 .. 

Khanpur Diviaion, - .. .. . . 60 ti 

Uppw Bcirade Dutrict-from 172 to 338 mile, excluding the Indus Bridge 
Division, which remained under direct charge of the Engineer-in-Chief, com­
prising-

Reti Division, .. •• . . .. . . 49 miles. 
Ghotki Divition, •• •• .. •• •• 49 .. 

(lndu1 Bridge Diviaion, .. .. •• . . 15 " ) 
Larkan& Divition, . . •• • • H .. 

Lott,e,, &:itule Dutrict-from 388 to 4'98, comprising-

Mehur Divition, •• 
Sehwan Diviaion, •• 
Kotri Diviaion, •• 

.. 

.. 

•• 
.. 

•• 
.. 

•• 

•• 13 ID11ea • 

•• 15 ,, 

•• 69 ,, 

8. To each Executive Division an Executive Engineer and Staff' of Assist­

Bnpeerlng Std appolated. 
ant Engineers was appointed. The Sutlej 
Bridge Division was placed under charge 

or an Executive Engineer, with the powers of a Superintendent of Works. The 
Indus Bridge Division under an Executive Engineer, and for the administration 
of each District, a Superintending Engineer was appointed, the whole being under 
the direction or the Engineer-in-Chief, residing at Mooltan. 

:rrop.JDllde la the,ar 1872-78. 
9. During this year the following 

progress was made in the works :-. 

In the Mooltan District 165 miles of embankment were completed, 31 cul-
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verts were built, and 40 · miles of ballast collected. The buildings of 8 out of 
� in the Mooltan District. 

15 stations were erected, with 10 houses 
for Staff Quarters. 

Thirty-five lakhs of bricks were burnt in preparation for the Sutlej Bridge, 
and about as many more for works on the line. 

10. Systematic observations were recorded of floods in the Sutlej river, a 

Obaervationa in the S11tlej rber. 
survey of the bed was made, trial wells 
were sunk to a depth of 100 feet, and 

other necessary measures, for completing the necessary data for designing a bridge, 
were taken. 

11. During this year serious damage was done by an incursion of the river 

Deatrucd.-e flood& in the B11tlej river. 
into the newly established colony at Adam­
waban. The stream, which had hitherto 

followed a fairly direct course past Adamwaban, suddenly became tortuous, it 
swung across from the Baha.walpur side and drove directly against the Adam­
wahan bank, which in spite of the efforts of the Engineers, who hastily construct­
ed solid spurs and groynes of brushwood to withstand the attack, was ero4ed to 
a depth of some 400 yards, involving the destruction of" the largest block of the 
quarters recently erected. 

12. In the Upper Scinde District the embankments of 32 miles were com­
pleted, and 57 more in progress. No other 

PJolr- in the Upper Scinde Diltrict. work was done, nor were any materials 
prepared. Some delay had occurred in 

procuring Staff' for the Larkana Division: the Executive Engineer joined quite 
at the end of the year, and the line had not even been properly set out. 

13. But little was done in the Indus Bridge Division, an Executive Engineer 

Oblenadona in tbe lndu Rlver. 
was appointed quite at the close of the 
year. Some observations of velocities 

were made, and two trial wells were sunk. 

14. Observations of the floods were resumed in the Reti and Ghotki 

Jl'looda in the Beti and Ghotki Division& 
Divisions, large gaps having been left in 
the embankments for their passage. The 

ftoods were not severe during this year. 

15. In the Lower Scinde District a mere commencement was made, the 
PIOpll in the Lower 8cinde Diatrict. Executive Staff having been organized 

late in the year. 

1873-74. 

16. Up to this time all operations had been directed towards the construc­
tion of a line on the metre gauge, but 

Probabilitf at change from men t.o a• 6" gauge. intimation being received that possibly 
the gauge might be increased to 6' 6', 

anangemeQts were made at all of the works on the Ihle which would permit of 



this change. The culverts accordingly were left incomplete on one side, and all 
arra.ngements a.t stations which could be affected by the gauge were deferred. 

17. During this year the Government appointed a Committee of experi­
enced Engineers to consider the condi­

Co?Jmittee appointed to report on method of bridgiog tions of the Sutlej River and the best Sod�. , 
method of crossing it. Serious injury to 

the bri'dge over this river on the Scinde, Punjab and Delhi Railway line near 
Phillour called for special care in determining the features of the bridge to be 
erected at Bahawalpur. The Committee submitted a report, and the Govern­
ment decided on the following general features for the bridge:-

18. The bridge to consist of 16 spans of 264.- feet between centres, 250 feet 
in the clear. The piers and abutments to 

General featurea of Satlej Bridge determined. be founded each on three c-ylindersof brick-
work 18 feet 9 inches diameter, arranged 

in line, sunk to a depth of 100 feet below the dry weather water level. Each 
foundation was to be protected by a mass of about 60,000 cubic feet of loose 
rubble stone thrown in around it, and the abutments were to be protected each 
with about 2½ lakhs cubic feet of stone. 

Progress made during 1878-74. 

in the works during the year 1873-7 4, :-

19. The following progress was made 

20. In the Mooltan District 15 miles of embankment were thrown up, 
making 170 miles completed ; 43 miles of 

ProgNBB in the Mooltan Dlmict. ballast material were prepared, making 83 
miles to date, and 382 culverts and 152 

lineal feet of flood openings were built during the year, comprehending about 5 
lakhs of cubic feet of masonry, for about a half of which the bricks were manu­
factured. This made the bridging of the District nearly complete, excepting that 
as noted above, these works were all broken off on one. side ·on account of the 
uncertainty about the gauge. Four more stations were built during this year, com­
pleting all required except that at Mooltan, which was left in abeyance, pending 
settlemel)t of the question of a junction with the Scinde, Punjab and Delhi Rail­
way line. The line works of this District were thus in a forward state, and 
almost ready for the reception of the permanent way. 

21. At the Sutlej Bridge 60 lakhs more bricks were manufactuTed, and other 

Arrangement& made at the Satlej Bridge. 
materials procured in preparation for a 
commencement of work. A workshop was 

built and supplied with machine tools. A commencement was made on the iron­
work for well curbs, and other arrangements put forward with a view to an actual 
commencement being made immediately after the inundations of 1874--75. 

22. During this year an Executive Division was formed for the express 
purpose of centrolling the river, and endea-

Ri,ver OoaN"1111cy Dirieion formed. vouring to restrain its oscillations within 
fixed limits. The operations-undertaken 

consisted of laying • in floating· obstacles secured at the top to empty casks, as 
buoy�and anchored.below, and formed sometimes, of. coar&e netting, sometimes 
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of single ropes, with brushwood attached and other such expedients, which, by 
checking the current, should cause a deposit of silt and turn the course of the 
stream. Some success attended these operations, and the fairweather stream was 
driven into a fairly direct channel, to which it was hoped the first freshes might 
take, and a good lead be thus given to the stream when it came down in flood. 
Nature favou1ing, these hopes were realized-the violent oscillation of the stream 
near the colony of Adamwahan, which had caused much damage during the pre­
vious two years, was interrupted, and the river assumed a fairly direct course. 
The floods, however, were not severe. 

23. The work executed in the 13 miles of line attached to this Division con-

Wort executed on main line of Satlej Division. 
sisted of one mile of embankment, making 
1 1  completed. The two miles of heavy 

embankment near the bridge were held in reserve as a reservoir for labour during 
the construction of the bridge, for which purpose the minor bridges and culverts 
near the river were also deferred. Twelve culverts were completed. 

24. In the Upper Scinde District 69 miles of embankment were thrown up, 

Progreu on the Upper Scinde District. 
making 141 miles completed, 30 miles of 
ballast were collected, and the buildings 

of 6 stations, making 10 completed out of 15 required. A good quantity of bricks 
were manufactured and stone quarried at Rohri. A contract for manufacture of 
bricks was also entered into with a well known firm (Collins and Petman) who were 
to commence operations at Christmas 1873. The brickworks on this part of the 
line were deferred, pending a final decision on the amount of opening to be left for 
the Indus floods, and also to secure a sufficient supply of material in hand before 
gangs of skilled labourers should be colJected from distant places and set to work. 

25. A proposal was made for laying a tramway from the quarries at Rohri 

Propoaed tramway in the GhoW Division. 

afterwards accepted. 

for 24 miles along the Ghotki Division, to 
carry out stone for the bridges : this was 

26. The floods in the Reti and Ghotki Divisions were again systematica�ly 

Floods in the Ghotlti Division. 
watched by means of the well defined 
gaps left in the embankments for their 

passage. They were not severe this year. 

27. A revision of the project for bridging this part of the line was made, 

High price of iron. 

openings. 

as thP. high price of iron made it desir­
able to substitute arched for flat girder 

28. In the Indus at Sukkur systematic observations of the currents and bed 

Obaervationa in the Indaa. 
of the river were continued, and were 
reduced to a form for submission to Gov­

ernment, before whom several proposals. for bridging the river were placed. 

29. A scheme was also submitted for establishing a steam ferry with ap­

Propoaal for steam ferry. 
proaches, to be used until the completion 
of the bridge. 

C 
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30. .4t Sukkur a wharf was built and sheers set up for landing heavy weights, 

Arrangements at Sokkur. 
and a store yard with commodions godowns 
was erected. 

31. A petition was presented by the inhabitants of Shikarpur to have the · 
main line carried past their town instead 

Propoaed diversion of line to ShikarpDr. 
of on the alignment approved. All opera-

tions between Sukkur and Nawa Dera (20 miles) had to be placed in abeyance 
in consequence. After the close of the year the Government decided to adhere 
to the original alignment. 

32. In the Lower Scinde District 150 miles of embankment were completed 

ProgreBB in the Lower Scinde Dietrict. 
during the year, and a good commence­
ment was made on the heavy rock cut­

tings at Sehwan, the completion of which, forming the key to the opening of th� 
section of the line, could hardly be expected in less than three working seasons, 
or owing to the uncertain nature of the stuff" to be met with in the deep cuttings, 
perhaps a longer time. 

33. The chief share of work in this District was done in the last 50 miles 

Special progreu near Eotri. 
leading into Kotri, as it was thought this 
length might be opened out rapidly in ex­

tension of the Scinde line. On this length the bank was completed. Ballast was 
collected for 30 miles, the buildings of 4 stations were completed, and a large quan­
tity of stone was brought to site for the bridges. 

34. As all material procured in England for the line would be landed at 
Karachi, and the Scinde, Punjab and 

Arrangements with Scinde, Punjab and Delhi Railway Delhi Rail way Company had possession Company for carrying English material. 
by their Flotilla of the only high way, the 

Indus river, a contract was made with that Company for the carriage and de­
livery at certain places on the river of all such materials. 

35. ,vhere these depots were not situated on the river, it was necessary to 
River depots to be connected with the line by tram- connect them with the line, and permis­

ways. sion was received to do this by tramways, 
over which locomotive engines should work. Accordingly a line was laid on 

Hamdi Branch. 
the metre gauge from Hamdi to Shujabad., 

a distance of 8 miles, and the track was 
continued on the main line 5 miles towards Adamwahan with the intention, 
afterwards fulfilled, of completing the connection with that place ; this being the 
line over which the very important business of supplying the Sutlej Bridge with 
rubble stone for protective purposes, and with other important supplies, would be 
carried. Three tank locomotive engines metre gauge and 10 wagons were re­
ceived and erected at Hamdi for work on this line, and the manufacture of 150 
other wagons was commenced at Adamwahan. 

36. A large timber dep&t was also established at Hamdi, and steam saw-
Hamdi Dep&t. ing machinery set up for the purpose 

chiefly of preparing sleepers. 



37. 140 miles of rails and fittings (36 lb. and 40 lb.) were received at Kara-
Storea received from England. chi, and a number of wheels and axles, 

bearing springs and axle boxes for wagons, but no iron fittings for their frames 
and bodies. A large quantity of machinery and plant bad also been received 
from England. 

1874-76. 

38. This year commenced with the communication by Government of its 
Deci,ion to con,truct the Indus Valley State Railway final decision that the Indus Valley State 

on the 5' 6
n gaage. Railway should be constructed on the 

5' 6" gauge, and in July 1874, the Director of State Railways paid a visit to Mooltan 
to discuss the prospects of the work with the Engineer-in-Chief. The following 
general conclusions were then recorded :-

39. Seeing that the heavy works on the Sutlej Bridge and in crossing the 
Scheme for prosecuting the works resulting from visit spills of the Indus in the Ghotki Division 

of Director of State Railways. would certainly prevent the line being 
opened through to Sukkur for at least three years, there was no immediate need 
for pushing on the light works, extending over some 150 miles between the Sutlej 
River and Sukkur, which might readily be completed in a single season. Between 
Sukkur and Kotri on the other hand the only heavy work was the Laki cutting 
near Sehwan, and it appeared probable that with a full supply of funds this lower 
section might be completed within two years. There was no prospect of obtaining 
such a supply of money as would permit of work being pushed along the :whole 
line, and the obviously reasonable conclusion was to stop work altogether on the 

, part of the line indicated on the section above Sukkur, and to spend more freely 
on the works south of that place, with a view to an early opening of the line from 
Kotri up to Sukkur. 

40. '.the works in the Bahawalpur and Khanpur Divisions and in part of 
the Reti Division were thereupon closed 

Cloaing of worb on 150 milea aonth of Bahawalpar. • l d h 
I 

E • S ft' entire y, an t e who e xecutive ta 
removed, excepting one officer, who was left in charge of the material and other 
property on the line, at the same time the office of Superintending Engineer of 
the Mooltan District was placed in abeyance, the duties of Superintending En­
gineer of the reduced District being undertaken by the Engineer-in-Chief himself. 
The arrangement, however, was not long continued, and a Superintending Engineer 
was again appointed early in 1875-76. The work thrown on the Engineer-in­
Chief's office by the commencement of operations at the Sutlej Bridge wa,3. found 
to be more heavy than the office could conveniently undertake. 

41 .  The new estimates for the 5' 6" gauge were at once put in hand, but 

New eatimatee for 5' t:' gauge. 
there were many difficulties and delays 
owing principally to the employment of 

the Staff' on works, and at last the Engineer-in-Chief was obliged to take the 
compilation into his own hands. The work was finally completed, and the esti­
mate submitted to Go-vernment in November 1875. This estimate is g�nerally 
distinguished as Colonel Peile's estimate, its general abstract was as follows :-
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Rs. 
Preliminary Expenses, . .  . . . . •• 6, 1 8,000 
Land, . . . . . . 1 ,90,974 
Construction of Line, • • . .  . . 2,55,05,492 
Ballast and Permanent Way, . .  . . 1 ,75,04,612 
Station, and Building,, . .  88,41,980 
Electric Telegraph, . . . . 4,55,400 
Rolling Stock, 35, 1 0,000 
Maintenance, . . . .  1 ,55 ,000 
E1tabli1hment1 . .  . . . . 60,00,000 
Contingencies, . . . . . .  4,00,000 

Grand Total Rs., . .  5 ,96,1 2,858 

42. In November 1874 an officer with the rank of Superintendent of Works 
was specially appointed to the charge of 

Superint.endent of W orb appointed to lndll! Bridge. h J d B , d D. . . I t e n us fl ge 1v1s1on. t was un-
derstood that he should collect all data himself, and then proceed to draw 
up a project for a bridge over the Indus, in direct communication with the Con­
sulting Engineer for State Railways. 

48. The spills of the left bank of the Indus during this year were severe, 

Inmu!ati.om of 1874.-76. Indu, spills, left bank. 
and remained over the land till a late date, 
but they did no damage beyond retarding 

the works in the Upper Scinde District. 

44. The Kusmore spill over the right bank, the features of which are more 

Indua spills, right bank. 
particularly described later on under the 
report of the year 1876-77 was also severe. 

It happened, moreover, that in its passage towards the Manchur lake, the volume 
of the inundation was much augmented by a heavy fall of rain iu the Cutchee 
hills, and that later on when the water had reached and filled the Manchur 
lake, another heavy fall of rain occurred in that locality. These combined 
floods and rain falls caused the Aral river and other outlets of the Manchur 

lake to overflow their banks-the waters 
Railwa1 submerged from Bhan to Sehwan. 

united in -one continuous flood and topped 
the railway embankment from Bhan to Sehwan. The station building at Sehwan 

Behwan Station eubmerged. 

another. 

was submerged to such a depth that a boat 
entering by one door passed out through 

45. In reporting upon this flood to Government, the Engineer-in-Chief re-
presented that the simultaneous recur­

1'ropma]a 1D1U ID nflnDee to thelO Aoo4t. 
. rence of these three contributaries to this 

excessive and unprecedented flood was very improbable, and that while he recom­
mended the raising of the embankment, he did not think it would be desirable then 
to incur the heavy expense of providing so much extra waterway through the line 
as would suffice to pass a ffood· of this extent. Moreover, the project for this 
part of the line had been mainly based on the assurance that the Kusmore bund 
would be solidly reconstructed and adequately maintained. conditions which, if 
properly fulfilled., should certainly suffice to avert any serious danger. 
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In subsequent years, however, the apparently periodical access to th� Kus-
Additions to waterway near Sehwan made i� BUb�e- more floods and the repeated failure ot the 

quent year. bund forced· on the conclusion that the 
Railway must be made self-dependent, and very large additions were made and 
projected to the flood openings near Sehwan. The station itself was mo\1ed to a 

high site beyond the reach of any inundation. 

46. A great fall in the price of iron led to a return from arches to flat top­

Fall in price of iron and revision of deaigna. 
ped girder openings for the flood viaducts 
in the Upper Scinde District ; at the same 

time the recent high floods dictated the necessity of a general raising of the 
formation level through the flooded country. The bridging had not been com­
menced, so these changes involved only alterations of design and estimates. 

Progress of works 1874-76. 
47. The progress of the works in 

1 874-75 was as foUows :-

48. Iu the Mooltan District, as above stated, a length of about 1 50 miles of 

Progress in the Mooltan District. 
line south of Bahawalpur was temporarily 
placed in abeyance. 

49. In the Shujabad Division, between Mooltan and Adamwahan on the 

Shnjabad Division. 
Sutlej River, 30 lakhs cubic feet of earth­
work were executed in widening out the 

bank for the increased gauge, and 75,000 cubic feet of brickwork in culverts. Of 
the 1 76 culverts in the Division, 1 02 were completed for the 5' 6' gauge, and the 
remainder partially built for the metre gauge, and left incomplete on one side, 
as above described. 

50. The principal operation of the year on this part of the line, however, 

Tramway from Ham.di to Adamwahan, 
waif the completion of the 63 miles of 
metre gauge tramway connecting the 

Hamdi Depot with the Sutlej Bridge at Adamwahan, and the carriage over it of 
large quantities of stores for the bridge. Five tank metre gauge locomotives and 
70 wagons, to which daily additions were being made, were at work on the line. 

5 1 .  At the Sutlej Bridge the early part of the year was devoted to clearing 

ProgreBS at the Sntlej Bridge. 
the way for a commencement of work, to 
the provision of material and plant, and 

also to the framing of the timber curbs for the wells with the manufacture of their 
ironwork. 

52. It was decided to confine this first season's work to six foundations, three 

Limitation of work for the aeuoL 
on either side of t�e river, comprising 1 8  
wells ; and to securing the abutment span 

on each side so as to fix the permanent limits within which the river's course must 
of necessity thenceforth be restrained. 

53. In the design for the bridge, the abutments consisted simply of an ordi­

Deacription of abntmenta designed. 
nary pier surrounded by a heavy mass of 
loose stone, which was to be extended as 

far aa and connected with the atone protection of the first pier in the bed of the 
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river in such a manner as to entirely obstruct the intervening span below the 
level of low water. To aid this obstruction a row of square masonry blocks was 
to be sunk to as great a depth as possible extending from pier to pier along the 
centre of the span. It was thought that the two piers with their mass of stone 
protection, extending to a length of about 330 feet, would form an obstacle which 
could not readily be outflanked, and that the river would be forced to confine it­
self to the 14 spans of the bridge left free for its passage. 

54. The 17  piers were distinguished by the letters of the alphabet com­
mencing with A, the abutment on the 

Method of distinguishing the piln by lettel'B, and Adamwahan or right bank and terminating 
well■ by numbers. , 

with R, the abutment at the Bahawalpur 
or left bank end. The wells were numbered consecutively from 1 to 5 1 ,  com­
mencing with the up-stream well of each foundation thus-

A, 

1 

2 

8 

B. 

4 

5 

6 

c. 

7 

8 

9 

P. 

43 
44 
45 

Q. 

46 
47 
48 

R. 

49 
50 
51  

55. Abutment A was set just within the line of the comparatively solid 

Situation of A abutment. 
high bank which formed that side of the 
river, and the top of which was just be­

low the level of the highest recorded flood. Abutment R was so to say en l'air ; 

Polition of R abutment. 
the length of the bridge was 4,224 feet, the 
width of the river about two-and-a-half 

miles, and a long stretch of river bed, to be crossed by a high embankment, inter­
vened between the bridge bead and the high bank at Bahawalpur, which, on that 
side, formed the limit of the river's oscillations. 

56. The first curb was pitched on the 2nd November, and the last of the 18 
First curb pitched 2nd November, and progreu made on the 25th February. The depths reach-

in well &inking. ed by the several wells as recorded on the 
31st March 1875 was as follows :-

Foundation and well■• Depth reached. RBIU.BKS. 

A 1 24·81 i Tenacious clay, ailt at 80 feet. 2 38·15 
3 2�n 

B 4 84,•4 f Loose sandy ailt. 5 66·2'1 No obstruction. 
6 8 1 " 14  

C 7 55·79 Ditto ditto. 
8 23·85 } Brushwood under number 9, and afterwards met with by 
9 84·95 number 8, when it reached 30 feet depth. 

p 43 29•84, 
44 25·91 

I The whole of the wells on thia aide of the river entered a 
46 32·06 

Q 46 29·36 
47 26·65 

1I 
stratum of teoacioua clayey silt at a depth of 26 feeL 

48 29·6 The stratum believ� to be 1 4  feet thick. 
49 23·82 
60 3�.t-58 
61 22·81 



The sinking of the blocks 

Abutment spana. 

( 1 1  ) 

in the abutment spans had also progressed, and 
the excavations for the deposition of the 
protective stone were fairly forward. 

57. The whole of the stock of building material had been prepared on 
the Adamwahan bank, where alone suitable 
ground for storage purposes could be found, 

and to that side also were brought all the plant and miscellaneous materials re­
quired for the work, notably the rubble stone for protective purposes. For the 
work commenced on the Bahawalpur side, every thing had to be transported 
across the river, and for this purpose it was necessary to construct and maintain, 
during the working season, a temporary timber bridge of 1,000 feet in length, over 
which the loaded trains might run. This bridge was removed during the inun-, 

Temporary timber bridge. 

dations, and restored for each working season. It was a subsidiary arrangement, 
without which the work could not have been successfully carried to completion, 
but one which caused a vast amount of anxiety and trouble. 

58. A large quantity of plant had been received in transfer from the Punjab 

Inferior condition of plant received in transfer. 
Northern State , Railway, set free by the 
completion of the large bridges on that 

line, but the steam machinery especially was so worn and defective as to cause 

Workshop operation& 
much trouble and disappointment. The 
workshops executed a large amount of 

work. The iron fittings for 18  curbs, weighing for each curb 5·2 tons. were made 
up ; 60 metre gauge ballast wagons were built, the ironwork for 20 having been 
manufactured in the shops. The straps and bolts for the temporary timber bridge 
formed a heavy job, and there was an increasing demand for miscellaneous articles 
and for repairs, all of which had to be satisfied on the spot. 

59. '.fhe river during this season behaved very well, the stream remained 

Behaviour of the river during the season. 
amenable to the gentle measures of con­
trol described above, and was maintained 

in a fairly straight course for 6 or 7 miles, passing nearly through the centre of 
the bridge limits. This favourable state of things, however, was not to last as 
will be noted later on. 

60. The progress made in the Upper Scinde District in masonry works 

Progress in the Upper Scinde District. 
was confined principally to the works in 
the Reti Division, where 50,000 cubic 

feet of concrete, and 96,000 cubic feet of brickwork were executed in 30 culverts, 

Bed Dimion. 
and six of the larger bridges for the pas­
sage of floods, aggregating 50 arched 

openings of 10 feet span, and 13 girder openings of 40 feet span, were commenced. 
Seventy-two lakhs of cubic feet of earthwork were executed in this Division in 
widening the bank for the 5' 6" gauge, 192 lakhs of cubic feet in the Ghotki, and 
480 lakhs cubic feet in the Larkana Division. 

61. In the Ghotki Division 100 lakhs of bricks were manufactured by the 

Ghotki Division. 
contractors, and 3 lakhs cubic feet of stone 
were prepared at the Rohri quarries, but 

the actual commencement of work was deferred pending only final instructions on 
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a report on the recent floods, and on the change of design and alteration of forma­
tion level referred to above. 

62. In the Larkana Division work was retarded first by the proposal to 

Work retarded in the Larkan& DivisioL 
divert the line to Shikarpur referred to 
above, which was not disposed of until 

July, and afterwards by a remonstrance from the Officers of the Irrigation De­
partment, who insisted that the alignment along the bank of the Canal must be 
changed, and that a wider space than had been previously allowed must be left 
between the Railway and the Canal. The new location of this portion, forming 
about one-third of the Larkana Division, was not completed until quite the close 
of the year. Fifty-five lakhs of bricks for bridge building were manufactured 
in this Division. 

63. In the Lower Scinde District the available funds were principally de­

Proi'"llss in the Lower Scinde Dietriet. 
voted to the Laki cutting, and to the works 
in the 50 miles north of Kotri forming the 

Kotri Division. The remainder of this District, comprising the Mehur and major 
part of the Sehwan Divisions, bad to be starved. 

64. In the Mehur Division the embankments for the 5' 6" gauge were near-
Mehnr Division. ly complete, and about 60 lakhs of bricks 

were manufactured. The station buildings were also completed as residences for 
the Staff. 

65. In the Sehwan Division the ordinary embankments were nearly com­

Sehwan Division, 
pleted, the station buildings were erected, 
the manufacture of bricks for bridge build­

ing was nearly completed, and ballast for 13 miles of line were collected. 

66. The rock cutting in the 8 miles of line skirting the Sehwan hills, known 

Laki c11ttings. 
as the Laki cuttings, had been much re­
tarded, first by the uncertainty about the 

gauge, and later on by a new location having to be fixed to suit the 5' 6" gauge. 
In about a half of the cutting the location was uniform for both gauges, and 
in this part, where the line is carried on a bench in the face of the cliff, and the 
work consisted entirely of side cutting, the work had been completed as far as 
metre gauge dimensions demanded. In the other half, the location depended on 
the admissible limit of curvature. On this portion a mere commel)cement was 
made during the year. 

67. In the Kotri Division I 15 lakhs cubic feet of earthwork were executed 

Kotri Di vision. 
in embankments of the line, and 12 lakbs 
cubic feet in bunds thrown up to control 

water-courses-also 47 lakhs of cubic feet of cutting through rock and rocky soil. 
Ballast was collected for 29 miles of line, and 184,000 cubic feet of masonry were 
executed in the minor, and 1 15,300 cubic feet in the major, bridges, representing 
1 17 culverts and small bridges out of 168 required, and 7 large bridges out of 24. 
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The state of this Division at the close of the year may be succinctly stated thus­
I'he embankments and cuttings complete, baJlast at site for 4.2 miles, culverts and 
small bridges_ nearly approaching completion, the larger bridges well in band. 

68. The delivery of creosoted sleepers and iron 60 lb. permanent way for 

Deliveries of Englilh material. 
J OO miles of line had just commenced afi. 
the close of the year. 

187�-76. 

69. Some uncertainty existed in the early part of the year in regard to the 

UncertaintY, about funds. 
extent to which funds could be supplied. 
The Indian grant was first fixed at 52 

lakhs rupees, but in January 1876 it was increased to 67 lakhs. The programme 
of works for the season was not in consequence definitely arranged until Sep­
tember, and there was some retardation of the works. 

70. The year was marked by the occurrence of extraordinary floods in the · 

Extraordinary floods and damagea. 
Sutlej and ClJenab rivers, whilst the inun­
dations of the Indus above and below 

Sukkur were both later and less extensive than usual. Serious damage was done 
to the line below Bahawalpur by the first-named floods. About 45 miles of line 
between Channi Gote at the 100th mile and the Noorwah Canal were complete­
ly wrecked, and it became evident that this part of the line would have to be 
diverted and realigned along the comparatively high desert land to the eastward, 
where it  would be beyond the reach of floods. Definite proposals to this effect 
were submitted to Government, but were not disposed of until November 1876, 
when the work was carried out. 

71. Heavy damage to stores was suft'ered at Adamwaban : the colony was 

Damagee at Adamwahan. 
flooded, the dwelling houses, store houses 
and godowns were submerged, and the loss 

in perishable material was serious. To prevent the recurrence of such disaster, 
a solid embankment was thrown up around the colony. 

79. A very 1evere type of fever became prevalent after the floods of this 

Severe aicknea followe(l the Inundation. 
season, especially at the Sutlej Bridge. All 
the officers of the Engineer and Sabordi .. 

nate Staff' at Ac1amw&ltan were subject to repeated attacks, until sometimes the� 
was not one fit for duty. The mortality was very great among the workpeople, 
notwithstanding every effort made to mitigate and remedy the evil. Towards the 
end of December the sevet"ity of the sickness abated. 

73. The quantity of work dooe in each Division during the year 1875-76 

Frogr- made In works ill 1871>-76. 

below :-

is exhibited in the gross in the Tabular 
Statement, and is more fully narrated 

B 
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Tabular .A.b1tracl 9f quantitiea of principal worka done during 1875-76. 

�l -0 
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Bhnjabad, 48·25 . . . . . . 0·86 .. . 46i . . . . . . ... . . . 
Bntlej Bridge, . . .  . . .  . . . 12  2,200 840 5·78 . . . . . . 60 

Bahawalpur, . . .  . . . . . . 58 . . .  . . . 1 ·85 4·8 . . . 5 

Kbanpnr, . . . . . .  . . . . . . . . . . . . . . . 8·  . . .  18  

Reti, . . . . . . . . .  . . . 1 01 . . . 41400 9·58 . . . . . . 1 85 

Ghotki, . . . . . . . . . . .  . 55 1 ·25 . . . 4,000 8·00 6· . . . 190 

Indus Bridge, . . . . . . . .. . . . . . . . . . . . . . .. . . .  . . . 
Larkana, . . . . . .  . .  . . . . 218 . . .  260 ·72 . . . .. 70 

Mehnr, . . . . . . . . . . . . 98 . . . . . . 0·06 8· .. . . . . 
Behwan, . . .  . . .  . . . . . . 343 . . .  . . .  2·76 . . . ... 4-0 

Kotri, . . . . . . . .  . . . . 50·5 . . . .. . 6·81 9· 48 . .  . 
-- - -- ---

Total, . . . 1470·0 2,200 9,000 80·92 80·8 94i 518 

74. In the Shujabad Division, the culverts, bridges, platform walls, tank 

Progress in the Shnjabad Division. 
towers and other brick works were all com­
pleted. Forty miles of the metre gauge 

track were taken up, snd the 5' 6"' gauge track substituted, the remaining 2 1  miles 

Track changt!d from metre to 5' 6"' gauge. 
of line connecting Mooltan and Hamdi 
Depot with Adamwahan were also con­

verted in April immediately after the close of the year. This change bring­
ing Adamwahan into direct railway communication with Calcutta and Bombay 
without break of gauge was of infinite advantage to the works at the Sutlej 
Bridge. 

75. The value of the metre gauge line to the works, however, must not be 

Valuable services performed by the metre gauge underrated. During the year 50,000 tons 
tramway. of stone for the bridge, 4,600 tons of iron 
permanent way material, 6,000 tons of sleepers, 15,000 tons of miscellaneous mater­
ial, and 20,000 tons of ballast were carried over it. The gross ton mileage of 
the year amounted to 3,500,000 ton miles, and the cost ofhaulage to 3·75 pies per 
ton mile for all expenses except wear and tear of line and rolling stock. Five tank 
metre gauge locomotive engines and 130 wagons were employed, which were 
transferred towards the end of the year to the Ghotki Division tramway. Three 

Provision of 5' � gauge Rolling Stock. 
ballast tank and one mail tank 5' 6" gauge 
locomotive engines were purchased from 

the East Indian Railway, and some ballast wagons were hired from the Scinde� 
Punjab and Delhi Railway. 



Line not ballasted. 

( 15 ) 

76. But little of the line in this 
Division was ballasted. 

77. At the Sutlej Bridge, as above described, foundation wells had been 

Progress at the S ntlej Bridge. 
commenced ; the depths they had reached 
on the 31st March have been exhibited. 

Considerable further progress was made in the sinking, and at the approach of 
the inundation the following condition of 

. Condition of foundation wells on approach of inunda- things existed. The wells of abutment A non season. 
were resting on a stratum of bard clayey 

silt at a depth of 30 feet, and they were so well protected by their position in the 
solid high bank and by the mass of stone in the shore span, that there was no room 
for anxiety on their account. The wells of B and C had reached depths varying 
from 60 to 70 feet and were fairly safe. Those of P, Q, and R, however, were from 
their situation subject to the full violence of the floods, and they had only entered 
a clayey stratum found at a depth of 30 feet without penetrating to such an ex­
teet as would render them secure. 60,000 cubic feet of loose stone were placed 
around each of the foundations C, P, Q, and R, and further protection was 
afforded to A, B, Q, and R, by the completion of the sunken blocks in the 
abutment spans, and by the provision of about a third of the large quantity 
of stone with which those spans and the abutment piers had to be filled and sur• 
rounded. 

78. The full force of the floods, which were remarkably violent, was di­

Critical position of P foundation. 
rected on P ; the volume of the river 
passing between P and Q, and scouring 

out a channel 40 feet deep below flood level, so far as could be ascertained from 
soundings taken in the rapid stream. The wells of P had barely reached this 
depth, and considerable anxiety was felt for their safety. Fortunately material 
was at hand, and 60,000 cubic feet more stone was added around the wells , of P, 
as the supply which had been first applied, subsided. The bridge works did not 
suffer the slightest injury, nor were the cylinders in the least disturbed. Alto­
gether 7 ,85,000 cubic feet of stone were placed around the foundations during 
the season. 

79. When the floods subsided, the river channel maintained its position 
between P and Q, ·and a high sand bank 

Limitation of succeeding season's work to seven formed on the Adamwahan side, on which more foundations. 
it would have been easy during the suc-

ceeding season, to have pitched the whole of the wells of the 1 1  foundations re­
maining. A close inquiry having, however, been instituted into the state of the 
plant, most of which had seen long service on other works, and into the prospect 
of obtaining sufficient rails for weighting the wells, it was pronounced undesir­
able to undertake so much, and the work of the season was limited to seven new 
foundations D, E, F, G, H, I, and K. A very good start was made in October, 
and notwithstanding the terrible sickness which prevailed for some time, a large 
amount of work was done. The following Table, taken from the Annual Reports, 
exhibits exactly the pr�gress in well sinking made during the year, and the con­
dition of each foundation on the 31st March 1876 :-
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Ta'lndar StatemenJ. 

DEPTHS ATT.A.IS EI>. 

1 s74.,5 1 

U-·31 
38·13 
22·70 
H•40 
116·2'1 
81 ' 14  
55·79 
13·85 
�S4'9� 

29·86 
25-91 
32·06 
29·36 
2&65 
29·60 
23·32 
82·58 
22·81 -

578-fJ9 
-

187.'.i j!j 

511!3 
61•85 
77·30 
65•60 
43·'13 
68·86 
44·21 
76·15 
65·05 
'i5·44 
62•) 0 
61N0 
78·09 
Ji7 •64 
80·05 
fS9•1W 
63·41 
68·13  
78·39 
60•1 '1 
78·88 
62· 1 6  
30·69 
36·52 
61 ·96 
28·86 
40·8 1 
65·89 
88·46 
48·25 

R=�rb on the wcil�. 
Total. 

75·54 { In abeyance till com-
pletion of H, I, and K. 

100·00 Hearted. 
1 00·00 Do. 
100·00 Do, 
100-00 Do. 
100·00 Do, 
100·00 Do. 
1 00•00 Do. 
1 00·00 Do. 

75·44 ') 
52·10 
6,Mo 
'18·09 
57"64 
80·05 
69·50 
63·41 

· 68·18  
78•89 
fS0•l 7 
78 ·88 
fl2•16 1' 
30·69 
36·52 
6 1 ·96 
28·86 
40·8 1 
65·39 
88·46 
43·25 

The well■ of D, E, F, 
aiicl G, have met only with 
aand or light silt. � The outer well■ of each 
foundation are in adYauce 
of the centre wells. 

The wells of H, I, and 
K met with clay at a 
depth of 80 feet. The 

> up-stream well of each 
foundation bu penetrated 
the ■tratum. 

Foundation, L, M, N, 0. Well11 81 to 42 
inclusive not commenced. 

88·89 68·78 ,.. 

41 •50 07·41 The 9 well■ of P, Q, 
80•5'1 62·03 and R counnenced llllt 
70·64 1 00·00 ■eason, met with a clay 
47·01 73·66 ►1tratum at 80 feet, they 
10•40 100·00 have been drinn dirougb 
48·48 66·80 it with difficulty, and are 
29·45 62·03 now progre11ing well, 
42·91 65•72 I• 

2,202·53 2,716·12-

Jllutract. 
Lilltllll feet sunk ta end of 1874.7&. 

Da. •· lS'li-78. 

Brickwor'k to end of 1874-75, 
Do. do. 1 871-78, 

•.. 
Total feet to date, 

T�tal brickwork up &o date. 

:Remarks on the fonndations. 

--

} 

The well,: are all 1 8  feet 9 
inches in diameter, and have 5 feet 
thickneu of steining • 

} 
B, Superstructure commenc-

ed. 

} 

C. Connecting block of ma-
aonry about to be commenced. 

} 

Tb,,. i, good ....,.. to ,x-
pect that all the well, of these 
four foundation■, D to G, will 
reach their full depth before the 
flood■ of thi■ aeuon, 

} 
Tho wbolo ot tho w,lla of 

the■e three foundations will reach 
a depth of 7 5 feet before the 
floods of this sea■on. 

The 9 well■ will all be ■unk 
to their full depth before the 

rflooda of thi■ aeuon, the two of 

J 
Q. which are dowa, have reached 
a bed of Yery hard blue clay. 

.... 
cubic feet. 
2,20,8 17·35 
5,3'1,935·45 

7,68, 7 62·80 

80. A contract had been entered into with two firms in England for the pro­
Conuacl for 1uppl7 of Ult ghder ironwork. 

vision of the ironwork in the girders for 
this bridge. 
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81 .  The training works, which were to all appearance successful in the 

Failure of the training works. 
previous season, failed before the violent 
floods of August 1875, and it was found 

that no reliance could be placed on the temporary expedients hitherto tried. A 
proposal was submitted by the Engineer-in-Chief to construct long groynes of 
loose stone in direct connection with the bridge abutments, as had been done 
at some of the bridges on the Scinde, Punjab and Delhi Ralway. 

82. In the Bahawalpur Division the works, as stated, had been in abeyance ; 

Progress in the Bahawalpur Division. 
they were resumed in November of this 
year, but only on the part of the line north 

of Channi G ote ; a proposal for diverting the line below that place having been 
submitted. This portion of the line was made ready for the reception of the 
permanent way by the completion of the earthworks, bridges, station platforms 
and wells. A large quantity of ballast, prepared from time to time in previous 
years, was ready along this part of the line. 

83. The construction of a branch line, 1 4  miles long, to connect Channi 
Gote with the Chenab River was under-

Construction of Makan Bela Branch. 
. taken for the transport of material carried 

by the Scinde, Punjab and Delhi Flotilla. It was thought possible that in the dry 
season this branch might also be utilized in connection with the goods traffic of 
the Scinde, Punjab and Delhi Railway and Flotilla, and a proposal to this effect 
was submitted and afterwards acted on. The Flotilla was to work up to Makan 
Bela, and the goods transferred at that ghat to the wagons were to be carried over 
the Indus Valley rails to Mooltan, the temporary wooden bridge serving for the 
passage of the Sutlej River. 

84. Work was not resumed in the Khanpur Division, as the distance to 
which the diversion on to the desert would 

Work still left in abeyance in the Khanpur Division. 
be carried was not yet determined, but this 

postponement was felt to be of little importance, as the works required were very 
light, and could easily be finished in a single season. 

Progress' made in the Upper Scinde District. 
85. In the Upper Scinde District the 

progress made in the year was as follows :-

86. In the Reti Division the earthworks were completed ; 100 lakhs cubic 

Progreas in the Reti Division. 
feet having been thrown up during the 
year. Fifty-three of the culverts and mi­

nor bridges were completed, 16 in progress and approaching completion, and 10  
remained untouched. Thirteen of these culverts had been completed, and 17  
comme.nced in  the previous year. Of  the 23  large bridges in the Division, 1 7  
of which were classed as major bridges, and 6 consisting each of five arches of 
10 feet span, were among the minor bridges, 5 were finished, 8 in hand approach­
ing completion, 8 had been commenced recently and were progressing favour­
ably, and 2 had not been touched. Six of these bridges had been commenced 
before April 1875. The gross qua_ntity of concrete and brick work in bridges 

Quantity of work executed. 
executed during the year in this Division 
amounted to 9,58,000 cubic feet, and at the 

bridges, founded on wells, 4,400 lineal feet of well sinking were executed. The 
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following Table, taken from the Annual Report, exhibits the condition of the 
major bridg�s in this Division at the close of March 1876. 

Distinguishing 
nnmber of Mileage. 
bridges. 

' 1 75·0 

1 0  1 76·0 

13 1 77·0 

1 9  182·0 

46 1 88'0 

47 1 89·0 

68 204·0 

69 21 1 0 

'/0 2 Hl·O 

7 1 21 2·0 

76 2 1 4·0 

78 214·0 

79 21 5·0 

84 �116·0 

86 21 7'0 

91  219·0 

93 2 19·0 

Tabular Statement. 

Description. 

1 6  ■pans, 1 0  feet A 

1 6  II 

10  I I  

1 2  II  

25 " 
25 It 

6 II 

10  II 

10  ti 
I ■pan, 

1 0  II  

40 II  

1 0  I I  

1 0 ,, 

1 0  11 

40 II 

40 II  

10 11 

40 II 
5 spans, 40 " 

9 " 40 ,. 

1 3 II 40 ., 

1 0  " 10 II 
I " 40 " 
2 I I  40 I I 

3 .. 40 II 

A 

A 

A 

Present oondition. 

Excavation jll8t oommenced. 

Untouched. 

About quarter of the well muonry built. Both abutment wella 
sunk foll depth ; other two pairs half sunk. 

The invert.I! are being turned. 

Half the arcbee turned. 

Finished. 

Well muonry oomplete, linking very nearly finished. North 
abutment and two piers built. 

Half the well muonry complete ; foar pain of wells half mnk. 

Complete to springing. 

Foundation blocks jaat completed. 

Curbs being pit.ched. 

Well muonry complete. A butment.B and three piers built, ODI 
more pair of wells sunk, the other four pairs half sunk. 

Abutments and two piers built, another pair of well, lllll1k, all 
the other wella are nearly down to their full depth. 

Finished. 

One pair of wells Blink 1 the other -well! three-quart.en sunk, 

Half the well masonry built ; linking jnst begun. 

Well muonry complete. This bridge and number 91 lffln wells 
only 26 feet deep on acconnt of the stiff clay eoil met with. 

87. In the Ghotki Division the earthworks were complete with the excep­

Progress in the Ghotki Division. 
tion of 30 lakbs cubic feet of raising re­
quired in the Sangi Sub-Division, which 

were deferred on account of the tramway being laid on the bank ; 551 :25 lakhs 
of cubic feet were thrown np during the year. Thirteen of the minor bridges 
in the Division were completed, 9 in hand well advanced, and the materials 
for 6 at site. Of the 36 major bridges, many of which were large viaducts, 
2 were complete, 6 in hand and approaching completion, 9 had been recently 
commenced and were progressing satisfactorily, and 19 had not yet been touched. 
In the general estimate of the line, 34., of these bridges only had been classed as 
major bridges, but an alteration of the dimensions of two minor bridges, numbers 2 
and 70, brought them under the category of major bridges. 

88. The total quantity of concrete and stone and brick masonry executed in 

Quantity of work executiBd. 
this Division during the year. amounted 
to three lakhs cubic feet ; and .f.,000 lineal 

feet of welld for foundations were undersunk.. The work in this Division did not 
fairly commence until January 1876 ; the Narra bridge, number 91, 8 spans of 20 
feet arches, with two culverts near it, being all that had been undertaken in the 
previous season� 
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89. The following Tabular Statement, taken from the Annual Report, exhi-
bits the state of the works on the major bridges of this Division at the close of 
the year :-

NUKBIIIBING, 

Mileage. 
General l Progre,te 
Estimate. Section. 

M. F. 
0 2 222 7 

6 8 224 0 
4 224 2 I 

8 5 224 6 
1 0  6 226 1 

1 1 7 2�5 4 
1 2  8 226 1 
1 8  9 226 4 
14  1 0  227 0 
15 1 1  227 4 
1 6  1 2  228 2 
1 7  1 8  228 6 
1 8  1 4  229 4 
1 9  1 5  280 0 

20 16 280 3 
22 1 8  281 3 
28 1 9  282 0 
24 20 282 6 
25 21 238 6 
26 22 234 2 
27 28 234 6 
28 24 285 4 
48 83 248 7 
49 84 244 3 
6 1  35 245 0 
58 36 246 5 

1 01 66 !6 1 4 
102 67 261 7 
10-l 69 262 7 
1 05 70 268 3 
1 06 71 26.8 5 
1 07 71 H4 () 
1 1 0 75 265 6 
1 1 2 77 267 0 
1 1 9 84 268 7 
127 92 171 0 

Tal,u/,a,r Statement. 

Dimenal.ons. Present condition. 

1 span, 40 feet, • •  First length of steining 15 feet completed for four wells, two spans of 

1 :.i spans, 40 , .  
six metre originally propo!!ed. 

, • The well sinking almost completed and auperstractnre commenced. 
1 1  .. 
8 t t  
8 .. 
5 " 
8 . . 
8 .. 

1 5  " 
1 0  . . 
8 .. 

10  n 
1 0  " 
10  " 
2 .. 
8 .. 
2 .. 
3 ,. 
5 ,. 
8 .. 
2 . , 
3 . . 

10 " 
2 It 

1 0  " 
6 " 

1 0  .. 
1 0  " 
3 " 
2 .. 

1 0  .. 
6 . . 
3 " 
5 . . 

1 0  . . 
8 .. 

40 " 
40 " . .  
40 ,. 

40 ,, . .  "° " . .  
40 " . . 
40 " . .  
40 " . .  
40 ,. . . 
40 u . .  
40 " . .  
40 " . .  
40 " . . 
40 .. . . 
40 " . .  
40 " . .  
40 .. . .  
40 .. . .  
40 ,. . . 
40 " 
40 . . . .  
40 " . .  
40 " 
40 . . 
1 0  t i  A, 
1 0  .. 
40 ,. 
40 .. 
10 t 1  

40 .. 
40 " 
40 . . 

. .  . .  . .  
A, . . 
. .  

1 0  " A, 
20 " A, 

Second length of steining built on all wells md aome are IRU1k 85 
feet below groull4. 

Finished. 
Sinking of all the wells in hand, 8 have 80 feet of 1telnlng built, and 

nearly all these have been snnk 20 feet, the other wells have 20 feet 
of st..in1n� built, and an average of 15 feet 1a1lk. 

All the first engths of steining built and being B1lDL 
First length of st.eining being built. 
Not commenced • 
Fir8t length of st.eining built and about three-quarters sank, 
Not commenced. 

Ditt.o • 
Di.tt.o. 
Ditt.o. 

First length of steinl:f annk, and \)art of BeCOD.d ill aomc wella l in 
the others the aecon 1teining being built. 

Not commenced. 
Ditto. 
Ditt.o, 

Fira& length of ateiDing bmg built. 
Ditto ditto. 
Ditto dit.to, 

Not oommeueed • 
Ditt.o. 
Ditt.o. 
Ditto • 
Ditto. 
Ditto, 

l'oandati0111 eltlllffated and materiirl at site. 
Ditt.o ditto. 

Curb& pitched, originally 10 apana, 10 feet archea. 
Ditto ditt.o 6 ditto 10 ditto. 

Curb& pit.ched. 
Wella IRU1k to an average depdi of. 80 feet. 

Diito ditto 26 .. 
Ditto ditto 87 " 

Block.a, drop walls and concret.e half Inch. 
l'inlBhed. 

90. Six lakbs cubic feet of broken stone were collected at Rohri for ballast-

BaJlaat material colleeted. 
iog the line ; it was intended to use this 
material throughout the Ghotki Division. 

9 1 . A metre gauge tramway was being laid for the transport of the large 

Gbotki Division tramway. 
quantity of material which had to be 
moved in the Ghotki Division. Twenty 

miles of main line had been laid on the bank, with deviations, each containing a 

tressel bridge at the bridge sites. About five miles more were laid in branches to 

the river at Sukkur and to the several quarries at Rohri. The remainder of the 

main line was being rapidly urged forward, towards the northern end of the Divi­

sion. Five metre gauge tank locomotive engines and 100 ballast wagons we're on 
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the line, transferred from the Shujabad Division, and two more engines with about 
60 more wagons were shortly to be brought down. 

92. No work was done in the Indus Bridge Division during the year. The 

Progress ill the lndos Bridge Divillion. 
Superintendent of Works was engaged in 
direct communication with the Consulting 

Engineer for State Railways in elaborating his designs for a bridge, and in August 
he submitted a preliminary report containing definite proposals, which the Engi­
neer-in-Chief for the most part supported, and forwarded to the Government. 

93. Work was commenced in December 1 875 on the 2 0  miles of the Lar-

Progress ill the Larkana Division. 
kana Division below Sukkur, which had 
previously been in abeyance. At the 

close of the year the earthworks were approaching completion, the embankments 
of the remaining 45 miles of the Division had been already previously completed. 
A commencement was also made in the bridging, as shown in the following Tabu­
lar Statement of the major bridges taken from the Annual Report. 

Tabular Statement. 

Distinguish-
ing number of 

bridge. 
Mileage. Description. l'reaent condition. 

81  289 25 spans, 40 feet, • •  Curbs being pitched and brickwork commenced. 
49 298 8 " 40 " . .  First length of all wells being ■llllk, 
50 800 2 " 40 " . . Well cnrbs pitched • 
5 1  801 8 " 40 " . .  Ditt.o ditto. 
62 802 5 " 40 " . . All welle ennk,  average 15 feet. 
55 805 5 " 40 , , . .  Well curb■ pitched. 
56 . .  2 " 40 " . .  No& commenced, 

1 84 . .  1 ,, 40 ,, . . Ditt.o • 
164 . . 3 " 40 ,, . . Ditto 

The materials reqeired for the minor bri_dges were all at site of work. 

Progress in the Lower Scinde District. 94. The progress made in the Lower 
Scinde District was as follows :-

95. In the Mehur Division the embankments were complete. The bridge­

Progress in the Mehur Division. 
works hadjust been commenced in January, 
they having been kept in abeyance owing 

to the uncertainty about funds noted above. There were but 4 major bridges of 
no great size in the Division, and the other masonry works consisted of culverts 
and small bridges for irrigation purposes, which might be completed very rapidly. 

96. In the Sehwan Division the embankments north and south of the Laki 
Progress in the Sehwan Division. cutting were complete. 

In the Laki cutting 1 78 lakhs of cubic feet of bard gravel and rock had been 

Lak.i cutting. 
excavated, but this was only in the top lift, 
the heavy work of blasting in the deep cut­

tings and removing the stuff' by trucks run through narrow confined drift ways had 
still to be encountered. Masonry works had been in abeyance till November. 
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97. The excavation for foundations of the Sann River bridge, 23 girder 

Sann River bridge. 
spans of 40 feet, had been got out, and 
masonry commenced in them. 'l'here wel'e 

only two other large bridges in the Division, r,iz., that over the Aral of 4 spans 
of 12 metres, and thnt over the Kara Fitta of ten 6 metre spans ; some long cul­
verts had also been constructed under the heavy embankment in the Laki pass, in 
which 1 ,70,000 cubic feet of masonry, and 45,000 cubic feet of concrete had been 
executed. 

98. In the Kotri Division the embankments were complete, and so also were · 
the bridges, with the exception of the 

ProgreM in the Kotri Diriaion. 
group of five bridges at the Maojho Nai, 

aggregating 42 spans of 6 metres, and 10 spans of 12  metres. During the year 
4,94,000 cubic feet of masonry, and 87,000 cubic feet of concrete had been exe­
cuted. The station buildings, platforms, ashpits and signals were all ready. 
The ballast and permanent way had been laid on 48 miles ; a temporary diversion 
of 2j- miles length being made around the Manjho Nai bridges. The track was 
carried into the Kotri terminus of the Scinde, Punjab and Delhi Railway over 
one of that Company's sidings, and connected with their line. 

99. A sufficient number of creosoted pine sleepers for the 226 miles south of 

l:'rovisioo of. lleepen. 
Sukkur had been obtained in England, and 
were in course of delivery at Karachi. 

It had been decided to sleeper the line above Sukkur with deodar, and sufficient 

l'roriaion of iron 60 lb. rail&. 
·sleepers for 220 miles had been purchased 
and manufactured. 280 miles of iron 60 

lb. permanent way bad been received, or were in course of delivery at Karachi. 

1876-77. 

100. During this year it was found expedient to revise the general programme 

Change in general programme of work&. 

pushed to completion. 

settled in July 1874, by which the section 
of the line below Sukkur was to be first 

The unforeseen difficulties and delays in the execution of the work at the 

Diffllluldes, delaya, at t.he Lui oaWDg. 
Laki cuttings, the completion of which 
formed the key to the opening of the 

Lower Section, were principally operative in inducing this change. 

The great difficulty of communication between Mooltan and the Reti and 
Ghotki Divisions, which prevented the 

Difficulty of comnnmlcatlou between MooltlD and Reti E • · Ch" f fi -1!1.". d' h &114 GhCKki. ngineer�1n• te rom 1111or mg to t at 
part of the line much of bis personal 

attention, made it very desirable to push the track already laid to Channi Gote 
(100 miles) as far further south as possible, and lastly there was a great advantage 
to be gained in the transport of material. specially that for the Sutlej bridge, if 
the line could be pushed as far as Sarhad in the Ghotki Division, and communica­
tion by tramway be established with Gobla, a ghat on the river about a day's 
steam above Sukkur, and but three or four miles distance from Sarhad Station, at 
which the Flotilla boats could conveniently discharge �heir cargoes. 
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101 .  Now that large quantities of permanent way material, bridge girder 
work and other stores were being poured in­

uJ:-!
il
J� «:i:m��n�bm��lhi Bailway Flo- to Karachi, the inadequacy of the Scinde, 

Punjab and Delhi Railway Flotilla to deal 
with the transport became thoroughly apparent, and although the Company took 
largely to conveying the stores on native boats, yet the absolute necessity of re­
lieving the Flotilla by some means became daily more manifest. The simplest 
and most practicable method of relief was of course to be found in shortening the 
trip of the boats, by pushing forward the Railway track as far as possible to the 
southward from Mooltan, if possible even to Sukkur. 

102. These considerations fully justified a change in the programme, and 

Change in programme jast.illed. 

Upper Section, Mooltan to Sukkur. 

from this time every effort was directed 
towards the more speedy opening of the 

103. This year was again distinguished by excessive floods in the Sutlej, 
Chenab, and Indus Rivers. At Adam-

Exceai.ve lloods in Sntlej, Chenab, and Indns Riven. h h S 1 • 380 72 b wa an t e ut eJ rose to · a ove sea 
level, being I ·32 feet higher than that recorded in 1 875, and t ·72 feet above the 
flood height recorded as the highest when the designs for the bridge were prepar­
ed. At Sukkur the Indus reached 15  feet 10 inches on the Bukkur gauge, being 
5 inches higher than 1875, and 1 foot 5 inches higher than in 1874, when the 
height recorded was stated to be unusual. 

104. The violent oscillations from which the river Sutlej at Adamwahan 

Violent oscillations of Sntlej River. 
had been comparatively free for two sea­
sons recommenced this year with increased 

violence ; the stream which, during the previomt :flood season, had been flowing 
directly on the P, Q, opening in the bridge, on the subsidence of the floods com­
menced to encroach on the left bank above the bridge site, and in spite of every 
effort to drive it back the loop continued to force its way to the westward. This 
process continued with alarming violence and pertinacity, when the river rose in 
flood in August until the deep bay formed had reached a distance of 2,000 feet 
behind the bridge abutment R, where its further progress was finally arrested . 
. The deep stream, however, continued thus to flow and scour alongside the embank­
ed approach to the bridge,. threatening to force its way through. Incalculable mis­

Duger to embanked left appro!M:h. 
chief would have resulted had the river 
made a way for itself behind this abut­

ment of the bridge. Fortunately with a. clear prevision that danger would 
threaten in this manner, the whole of the large reserve of stone collected during 
the previous season, in excess of what was required to be immediately deposited 
around the foundations, had been laid down in a continuous · stack 2,000 feet in 
length, and containing 100 cubic feet to the lineal foot along the toe of the em­
banked approach to the bridge on the up-stream side. This loose stone fell in as 
.the river undercut the bank on which it was lying, and by pitching the surface 
effectually arrested the underscour. From time to time the defence bad to be 
strengthened by throwing in all the spare stone available from the left land span 
and abutment, and even by bringing the right bank reserves across the river. 
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Rafts of sleepers and boats were also moored along the bank, with the view of 
checking the surface velocity, but whilst the former were to some extent effective, 
the boa.ts proved worse than useless. 

105. The course of the river remained unchanged until 12th February, when 

Unumal fresh on 12th February, 
a very unusual fresh of 3 feet 6 inches came 
down and resulted in a considerable im­

provement by opening for itself a new channel running more directly through 
the bridge. 

106. The catastrophe thus narrowly escaped, led to the final adoption of 
the proposal made some years previously 

Proposal to protect both abutments by long atone em- that the left abutment should be connect­bankmente adopted. 

ed with the high bank of the river by a 
solid artificial advanced embankment, to be formed principally of loose stone. 
At the same time it was resolved to provide a somewhat similar protection to 
the right abutment which was obnoxious to such attacks, but in a less degree 
than the left abutment. 

107. The condition of the river at this time will be more readily under-. stc;,od by inspection of the annexed Map, 
(',0ndition illustrated by annexed Map. prepared from surveys taken immediately 

after the fresh of the 12th February. 

108. No damage whatever was sustained by the bridge-work, and the em­

No damage done t.o bridge works or colony. 
bankment thrown up during the previous 
season sufficed to protect the Adam­

wa.han colony from an incursion of this flood, although it rose more than a foot 
higher than that of the previous year. 

109. The fresh of 12th February carried away the temporary bridge, but 
Temporary timber bridge destroyed by freah of l!th the interruption was not of long duration, 

Febnwy. communication being restored in 10 days. 

110. During the cold weather 1875-76, the Bahawalpur State had thrown 

Embankment constructed by Babawalpur St.ate. 
up a solid embankment from the Buktwah 
on the left bank of the Sutlej, to the 

Barnswah on the Chenab, a length of 25 miles, and proposed in the following 
season to extend it 16 miles further. This bund, designed for the protection of 
the cultivated lands from the destructive effects of the spills from these rivers, 
served also partially to prevent a recurrence of the flood, which in the previous 
year had been so disastrous to the line below Channi Gote. The floods, however, 

Innndation at Khanpnr. 
passing round the . incomplete end of the 
bund reached Khanpur, where the statio11 

plot was again deeply submerged, and damage done to the buildings. It was in 
consequence decided to extend the diversion into the desert further to the 
southward beyond Khanpur than had been previously contemplated. 

1 11. The floods of the 

Slight i.Dundlwon iD Reti Division. 

Indus in the Reti Division and upper part of the 
Ghotki Division were lighter in character 
than usual, but an exceptionally heavy 
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1pill occurred opposite Ghotki, which breached the bund thrown up around the 

Deltructive inundation at GhoW. town for its protection. Great damage 
was done in the town, and the station 

buildings, submerged to a considerable depth over their floors, were entirely des­

Aiditialll to lood openinge in GhoW Divilioa. troyed. Other parts of the Ghotki Divi­
sion, whir.h had hitherto been effectually 

protected by local embankments, were reached by the floods in this season, proving 
that dependence must not be placed on such protection. Some increase to the 
flood openings was made to render the line more secure in the future. 

1 12. The line below Sukkur as far down as Sehwan is subject to floods from 

Spillll of &he Iadu affecting the liDe below Sukka,r. spills of the Ind us. The 1h �t spill occurs 
at Kusmore, to prevent which, however, Kamnore flood. 

b k • • . d b h a long em an ment IS mamtame y t e 
Irrigation Department. Hitherto this bund had been invariably breached on the 
occurrence of high floods in the river. The inundation pBRsing by Jacobabad and 
flowing down through the low land at the foot of the range of hills, reached the 

Manchar Lake a regalating resenoir. Manchur lake, which forms a sort of regu­
lating reservoir,and finally the water passed 

back into the Indus through several depressions or natural canals, the principal 

1&ti llood. 'of which is the Aral river. The next spill 
over the right bank, in order descending 

the river, is known as the Laki flood ; this had been of unfrequent occur� 
rence, as a system of embankments maintained near Abad on the bank of the 
Indus had usually proved sufficient to prevent the spill, the water flowing across 
would strike the Railway line near Ruk, where an opening provided for it would 
pass the water, and permit it to flow off again into the river, but for the interven­
tion of an embankment, known as the J alli bund, thrown up on the bank of the 
Indus to prevent incursions of the river in this neighbourhood. The Laki flood 
then imprisoned between the Railway and the Jalli bund being forced down to 
Allahdadani and Nawa Dera, passes the line through openings left for it, and join­
ing the Kusmore flood, finds its way finally to the Manchur lake. The Jalli 

Jalll 8.ooda. bund, not equal to the task asaigned to it, 
had also frequently been breached, the spill 

water flowing oft' in the direction just described as that taken by the Laki flood. 

118. These several spills combined during this year surcharged the Man­

Manchar Lue aarc:harged. 
chur lake, and in flowing back into the 
Indus greatly enlarged the gaps which bad 

been left in the line for its passage. The opening designed for the Aral river 
waa accordingly doubled in size, and considerable additions were made to the flood 
openings in the other depressions, the aggregate additions being 555 lineal feet. 

The Manchur discharge of this year was 
Increue to diacharge openings from Manchur Lake. • • not aggravated as 1t had been m 187 4, by 

a heavy local rain fall, yet the flood height was not far short of that reached in 
that year. 

1 14. During this year Railway communication was established between 
Completion of track between Mooltan and Makan Mooltan and Makan Bela ghat, and the 

BetL Indus Valley · Railway undertook the 
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transport of goods between those places for the Scinde, Punjab and Delhi Rail-
Scinite, Panjab and Delhi Railway goods trafllc nnder- way Company, the steam Flotilla plying 

taken. · only as far up as Makan Bela. This 
undertaking, which commenced early in the cold season, proved a very serious ad■ 

dition to the duties of the working staff of the line, but it was carried through 
successfully. 

1 15. The Budget grant for the year was originally Rs. 66,20,000, but this 

Funds and expenditure during the year. 
was afterwards supplemented by further 
grants, and the expenditure of the year 

amounted to nearly 'i'Oi lakhs rupees. 

I J 6. A very large share of work was executed during the year 1 876-77 all 
along the line. The following statement 

187l:;?e progn,• made in the masonry works in shows that in the masonry work of bridges 
40·63 per cent. of the whole quantity pro­

vided for in the estimate was executed during the year, the largest advance being 
made in the Larkana, Mehur and Sehwan Divisions, where the works hitherto 
held in abeyance were of a light character, generally consisting of numerous cul­
verts and irrigation ducts :-

Statement '!I brickwork in Bridges. 

.., ... 1 Cl 1 .. .!!! ,s f  .s 
.8 !5 '5 IS ,S S _B 

1111 � .8  CII (I: • )I )! I» .9 

·i 'S 8 1,il .s ... ., -s ... '§ ·j 
d 

-s .S  ., ti . Division. .... g ... Cl !;5 ... .. .., CQ CQ - t- 0 (I: 0 i�L Ii Cl • :e .!l § �  0 ... .. § ... ,b :e ... - o .X 0 00 
&,j 8. �"' Ii �; ia a 2: ., ... Cl t-, .. ... .S B .S Cl 00 g �  0 00  .. 0 

0 "' & .... e .,  � ... 2 :1 e  � : -8  E-< ll< � ll< I» "' ll< 

NorlMJm Seclion. lakha. lakhs. lakha. lakhs. lakhs. 

Bhnjabad, . .  • • . .  2·52 2 ·31 91 ·66 2·36  0·05 1 ·99 0· 16  6·85 

Butlej Bridge, . . . .  16 ·75 8·50 50·74 1 3·50 5 ·00 29·86 3·25 19·40 

Bahawalpnr, • •  . . . .  8· 74 2·79 74·60 3·34 0•55 14·71  0·40 10·69 

Khanp�, . . . . . . 9·75 1·25 12·82 .;•08 3' 88 39·28 4·67 47·90 

Reti, • •  . .  • •  • •  1 6·88 10·40 68·68 16·00 5·60 84,•29 0·83 2·03 

Ghotki, . . . .  . .  . 26· 1 7  8 ·00 30·56 17•50 9•50 86·81 8·67 33·13 

SovtAm& S,mon. 

Larkana, . .  • •  . . 9·85 1 •04, 1 0·55 7·25 6·2 1  63·05 2·60 26·4,0 

Mehur, • •  . .  • • . . 6'60 0·52 7 ·88 4· 1 8  3·66 55·45 2·42 36·67 

Sehwan, • •  . .  • •  17·79 1 ·57 8 '82 13·81 12 ·24 68·80 8°98 22·88 

Kotri, • •  . .  . .  . .  12·45 9·44 75·82 1 2·35 2·91 23·37 0· 1 0  0·81 

-- -
1::-

-
Total, . .  121 ·95 I 45·82 37'57 95,37 49·55 26·58  21 ·80 

1 1 7. The progress made generally in the works may be more particularly 
Narratin of pl'Oplla. narrated as follows :-
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us.· In the Mooltan District, Shujabad Division, the small balance of earth­
work and masonry remaining incomplete 

Progress in the Mooltan District, Shojabad Division. 
h l f h at t e c ose o t e previous year was 

finished. The supply of ballast amounted to 10  lakhs of cubic feet only out of 
3 1 ·68 lakhs cubic feet estimated. The line was partly boxed up with ballast 
run out from Mooltan. The stations were completed in machinery, and points­
mens' and gatekeepers' huts built. 185,000 sleepers were purchased and sawn out. 

I 19. In the 13 miles of main line attached to the Sutlej Bridge Division, of 

Progreea in the Sntlej Bridge Division. 
which the Sutlej bridge and its approaches 

· occupied three miles, the earthwork was 
completed, and the bridges, excepting the Sutlej bridge, were finished. About 
one-third of the required ballast was collected, and the permanent way was laid. 

1 20. At the Sutlej bridge, as shewn in the previous year's report, the under­

A t  the Sotlej Bridge. 
sinking of a large number of wells was in 
progress. These wells, with the exception 

of those in P foundation, which had been very intractable, were all driven to a 
secure depth before the advent of the inundation season, the dry weather chan­
nel adhering to the left bank had permitted direct access to all of the foundations, 
D to K, commenced in the early part of the season, and they were all securely 
pitched on the undisturbed sand bank, which extended continuously from A 
abutment up to the site for N pier. 

121 .  The continuance of  t�is good fortune could hardly be expected ; as 
described above, the river 11ssumed a very 

J?ifflcultiea in pitcldng wells of four remaining fonn- tortuous course by which the stream was daoons. ' 
forced obliquely through the bridge open-

ing, its stream occupying all the sites of the foundations L to 0. The wells of 
these foundations accordingly had to be pitched in succession on artificially formed 
islands of sand, the maintenance of which in such a swiftly running stream was 
a matter of great difficulty. This difficulty was much enhanced by the occur­
rence of the fresh on 12th February adverted to above. However the persever­
ance and resource of the Engineers were rewarded by success, the last curb of 
the bridge was got into place on the 1st February, and the sinking was rapidly 
prosecuted. Work was, however, a good deal impeded by the unsatisfactory con­

lnmSciency of the plant. 
dition of the plant, especially of the 
hoisting engines, many of which were 

incapable of carrying sufficient chain to work to · a depth of 100 feet, and others 
were not of power sufficient to lift the heavy tools, which latterly it had been 
found necessary to employ in cutting through the hard clay silt-notably a new 
form of cutting tool invented and perfected by one of the Subordinate officers 
employed on the works. 

122. The condition of the undersinking on the .31st March 1877 is shown 

State of wells on 81st March 1877. 
in the following Table, taken from the 
Annual Report, from which it will be seen 

that out of the 17 foundations 12  were completed, and the remaining 5 were in 
a forward state ; some of the superstructure of piers also was built. 
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Statement of progrea, on the Sutlej Brjdge Works on 31st March 1877. 

BEGINNING OP FINA.l'ICIAL YEAR 
1876-77, 

� 
.!!! ·a . 

.c 8  'o 
f 0, = "'  ... .,., 
i� Pier. 1 .., d 

.§ z f 
8.� ... .... 

I 
., .. 

� � .. 0 
.. .0 ·a � ., al 

= ii:; p:) rl:l 

Wells. 

300 275 2 Nil. 
300 300 3 2 
800 800 8 2 

D 27 1 197 . . . . . . 
E 286 21 6  . . . . . . 
F 272 201 . . .  . . .  

27 1 2 1 2  . . . . . . 
H 226 1 29 . . . . . . 
I 220 1 32 . . .  . . .  

K 222 147 . . . . . .  
L . . . .. . . . . . . . 
M . . .  . . . .. . . . . 
N . . . . . .  . . . . . . 
0 . . . . . . . . . . . . 
p 268 198 . . .  ... 
Q 300 274 . . .  . . .  
R 280 1 95 . . . . . .  

END 01!' FINANCIAL YEAR I PROGBBl!8 OB' THlll YliB. 1876-77. 

1 
=: o  ,.; 

� 
= c 

j 
.0 1¼, f c:,  ,Q = CQ 

� �  j "" ., . 1 .J .., ; b �  Bllilt. Sunk. 

I .§ .§ i] '.i 1 .... ... 
� ... 

1 
;l al b §, =a t it!  

� s a:; -- a, p:) (I) 

Wells. Feet. Wells. 

300 300 3 25 Nil. 25 1 25 
300 300 3 24 . . .  Nil. Nil. 22 
800 800 3 25 . . .  . . .  . . . 28 
800 800 3 24 29 1 03 8 24 
800 300 8 25 1 4  84 8 25 
300 800 8 24 28 99 8 24 
300 300 3 3 29 88 8 8 
300 300 8 1 74 1 7 1  3 l 
300 800 1 . . . 80 1 68 1 . . . 
800 800 2 . . .  78 153 2 . .  . 
1 42 86 . . . . . . 142 86  . . . . . .  
205 124 . . .  . . . 205 1 24 . . . . . .  
195 157 . . .  . . . 1 95 1 57 . .. . .  . 
280 1 69 . . .  . . . 230 1 69 . . .  . . . 
300 289 . . . . . . 32 91  . . . . . .  
800 300 8 I Nil. 26 3 l 
300 300 3 1 20 1011 3 1 

Total, 8,51; 2,776 7 4  4,672 4,425 --;;- 158 1 , 1 561 ,649\----;;- m 

Remarks. 
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123. · The w�ights superimposed on the wells during sinking varied much. 

Weight.a placed on wells. 
As a rule the wells were built up and sunk 
in successive lengths of 34 feet, or one-third 

of their total length. Some of the wells which encountered nothing but sand in 
their descent, and which maintained a perfectly ver�ical position, ran down unassist­
ed by any extraneous load ; but as a rule it was found necessary to add 200 tons on 
the first length, 400 tons on the second, and 600 tons on the third length. In some 
instances as much as I ,000 tons extra load were added on refractory wells, and 
even this enormous load was found insufficient in the case of the P 44 well to 
force it through the compact mass of stone which had been thrown in from time 
to time for the protection of this foundation. 

124. The minimum quantity of stone used in this manner up to this date 

Quantity of atone 1188d in protecting fonndations. 
on any one foundation was 40,000 cubic 
feet, the maximum quantity 1 , 1 0,000 cubic 

feet. In the aggregate on the whole of the foun<lations 16,66,000 cubic feet had 
been used, besides the large quantity thrown in to secure the embankment behind 
the left abutment. 

125. This stone was procured at the heavy cost of Rs. 30 per 100 cubic 

Heavy cost of the stone. 
feet, being br�ught from a place called 
Chuneot on the Chenab, carried in boats 

about 200 miles to the Hamdi ghat, and thence transported by Railway over the 
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43 miles intervening between that ghat and the bridge. In substitution for this 

Preparation of brick cubes. 
expensive material, the manufacture of 12 
inch cubes of brick was commenced ; this 

material could be produced at about a half of the cost of the stone, but its compara­
tively low specific gravity of course rendered it less effective, and experience alone 
could show whether in the long run the change would prove economical. 

126. A great deal of work was executed during this year in the shops, the 
efficiency of which was much increased by 

Work in the ahops. 
the provision of a 25 H.P. Robey's semi­

portable engine. In addition to new work, consisting of the manufacture of plate­
laying tools for the whole line, of bolts and ironwork for girder erection for in­
complete wagons and carriages and for the temporary bridge, and of bolts and 
bond rings for the weJls-the shops maintained the bridge plant in working con­
dition, consisting of 26 steam hoists, nearly all old and much worn, 1 2  portable 
engines, 2 steam launches, 2 steam fire engines, 9 mortar mills, and 6 Gwynne's 
pumps. Six broa,I gauge locomotive engines were also kept in work, and 2 metre 
gauge locomotives thoroughly overhauled. At the same time a Carpenter's shop 
had been established with steam driven sawing and other machinery, in which the 
construction of vehicles was commenced. 

127. The temporary timber bridge was of course reconstructed this year. 

Temporary timber bridge. 
It was first erected and opened in 30 work­
ing days, and subsequently, when destroyed 

by the fresh of the 12th February, was restored within JO days. The value of 
this work may be estimated from the fact that at least 200,000 tons were hauled 
over it during the working season. 

128. In the Bahawalpur Division the work of this year consisted in the 

Progreaa in the Bahawalpur Division, 
completion of the desert deviation line, 
and

° 
in the laying of the permanent way as 

far as the 107 mile on the main line, and completion of the branch line from Channi 
Gote to Makan Bela. A speed of one mile a day in platelaying was finally at­
tained to in this Division. Twenty-seven lakhs of cubic feet, out of a total quan­
tity of 37 lakhs of ballast required, had been collected. The new stations required 
on the deviation line were built, and nearly all the machinery required for all of 
the stations was supplied. 

129. Orders not having been received from Government on the propos­
al to extend the desert deviation southward 

Progresa in the Khanpor Division. 
for some JO  miles beyond Khanpur, refer­

red to above, nothing could be done to this part of the Division. In the other por­
tions, the bridge-work, which had been in abeyance for two years, was resumed, and 
about a half of it executed. Sixteen lakhs of cubic feet, or about a half of the 
quantity of ballast required, had been collected previously ; this work was now in 
abeyance for want of funds. The new station buildings required at Firoza and 
Khanpur, the latter a changing station, had not been commenced, the other stations  
bad been completed in previous years. Arrangements had been made to deliver 
permanent way materials for 20 miles of line by water at Chachar, and thence 
down the large canals to the Railway line. 
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130. The progress in the Upper Scinde District was as follows :-In the 

Reti Division the embankments, to which 
Progress in th8 Upper Scinde District. considerable additions of height had been 
In I.be Reti Dhial.on. made in consequence of the floods of re-

cent years, were almost complete. Sixteen out of the 17 major bridges, and 74 
out of the 80 minor bridges required, were complete, the others in h�nd and well 
forward. A total depth of 6,372 lineal feet of undersinking had to be executed 
in the bridge foundations of this Diviaion. 

Nearly the whole of the 9½ lakhs of cubic feet of rubble stone required for the 
protection of bridge foundations a�d of embankments had been brought to site, 
5 lakbs being this year's share of the work. Twenty lakhs of cubic feet of bal­
last, out of 31 lakhs required, had been collected. This Division was charged 
with platelaying from Gobla ghat, at which the material was delivered to Sarhad, 
6 miles ; from Sarhad to lf irpur, SI miles, both within the limits of the Ghotki 
r: 1 .. :s1·0,.·· .. a .. d· cf th" /�?Z$. mH6·Cl: ,., ... ,, .:,,. D ,,-4,.; �=v:-�c .. - I"'::. --� 1·1e:: ': .�d h'"' 0 il .:-onrletel .....,, .... y I a... , u .,_.,,, c; ·•:: a 4t 1 .. """''-' ua I.IL..., &-.'-i., .. i..,1,. u:,.aJ,J,'u, �

!i 
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at the close of the year. The rolling stock received at Gobla for working over 
this detached portion consisted of 2 locomotive engines.I' 25 low-sided wagons, 
20 heavy, and 20 light, trollies. 

lSlc TbtS c�a.rtfotorks ur the Ghotk� DiV!t'l.{m W"'i1'9 1Jer7 nea!':_r CO!!'pfoted_ 

In the Gbotki Di'fislon. Of the 45 major bridges, aggregating 209 
spans of 40 feet, H were finished as regards 

masonry, and 31 were in hand. Girders for 30 spans were about to be delivered 
at Gobla ghat, the remainder of the girders ordered in England had not arrived. 
T wenty-nine of the 5 1  minor \oridgeb were compiete, ana. 17  in hand. in the founda­
tions of bridges in this Division, a total length of 18,637 lineal feet of undersink­
ing of wells had to be executed ; 14,200 were done during this year. This work 
was executed entirely by petty contract, at an average cost of Rs. 9 per foot down ; 
ti:-� Gov�rnmert furni,hing Bull's eiredgers and native jhami- Of -1:he 35 lakhs 
cubic feet of material required for protecting foundations and embankments, 8¼ 
lakhs of rough stone had been placed in situ, and 1 1  Iakhs more had been quarried 
at Rohri. Sixteen-and-a-half iakhs cubic feet of burnt brick material were in 
course of manufacture at several points along the line. Only 7½ lakhs cubic feet, 
out of the 32 hr.khs cubic feet of ballast required, had been collected., this work 
being def erred until the completion of the track should permit of material being 
run out from the Rohri hills. The metre gauge tramway was completed and 
maintained in this Division on a length of 48 miles, and during the year an ad­
dition was made to the rolling stock on it of one tank metre gauge locomotive 
engine and 58 low-sided wagons, transferred from the Mooltan District. 

132. In the Indus Bridge Division branches were laid down connecting the 

In the Indna Bridge Division. 
main line on both sides with ghats establish­
ed at the river side. On the Rohri side 

a quay wall, 2,500 feet long, was also erected, up to wbich the steam ferry could 
ply during inundation. 

!33. The preparation of the designs in detail for the bridge were also pro­

Desigm fur the Indus Bridg,;i. 
secuted by the officer specially appointed 
to this service. The designs, of which 

the principal feature was a great span of -780 feet over the Rohri channel, were 
near completion at the close of the year. 
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1s,. In the Larkana Division about one-third of the earthwork in embank-

In the Larkan& Division. 
men.ts still remained to be completed, 8 
major bridges, aggregating 36 spans of 40 

feet had been estimated for, of which one was complete, two very nearly so, 
and the remainder well advanced ; the girders for these bridges had not arrived 
from England. Of the 189 minor bridges, 136 were completed, and 27 in hand. 
Five lakhs of cubic. feet only, _out of 47 lakhs cubic feet of ballast required, 
had been supplied. This work was deferred until the completion of the track 
should permit of stone material being run out from Sukkur. Platelaying had 
not been commenced. 

Progress iD the Lower Seinde District. 1 35. The following progress was 
made in the Lower Scinde District :-

, In the Mehur Division the earthworks were completed. Of the 175 culverts 

In the Mehnr Division. 
and minor bridges, 72 were completed, and 
86 in various stages of progress ; the ma­

sonry of the 4 major bridges was nearly completed. Seven and one-third lakhs of 
cubic feet, out of the 33½ lakhs cubic feet of ballast required, had been collected. 
It was proposed to ballast 20 miles of the southern end of the Division with stone, 
to he led out from Morluck ; burnt brick being used on the northern 30 miles. 
For the transport of permanent way material from the river, the construction of a 
tramway, 3! miles in length, was sanctioned from Fattehpur Bonder to the Phulji 
Road Station. Some advance was made in Station arrangements. 

In the Sehwan DiviRion. 

earthworks were completed. 
1 36. In the Sehwan Division the 

In the Laki cuttings many difficulties were encountered, both in the nature 
of the work itseIC and from sickness break­
ing out among the work people. The date 

originally stated for the completion of this work was September 1876. At the 
close of the year, in March 1 877, however, about 40 lakhs cubic feet of rock cut­
ting still remained to be done. About four-fifths of the masonry in minor bridges 
was completed. Out of 2,970 lineal feet of waterway in 20 major bridges, 400 

lineal feet were completed, and the rest in progress as regards the masonry ; the 
girders for 59 spans out of 91 spans had been provided, the remainder had not 
arrived from England. Thirty-five and three-quarter lakhs of cubic feet, out of 
51½ lakhs cubic feet of ballast required, had been collected. The platelaying was 
completed to five miles north of the Sann river in extension of the track in the 
Kotri Division, and a branch three-quarters of a mile long had been run from the 
Amri Station to the river for transport of material 

137. The small quantity of earthwork and of masonry in minor bridges 

In the Kotri Division. 
of the Kotri Division remaining at the 
close of the previous year were completed. 

The major bridges also were completed, but the 6 metre girders required 
for the Manjho N ai group had not arrived from England, and the 2½ miles 
9f diversion around these bridges had to be maintained. The estimated supply 
of ballast was completed. The platelaying was extended to the end of the 
Division and to the Sann river. The :first engine ran out from Kotri to Sann on 



( 31 ) 

the 8th August 1876. The stations were completed and fitted with the necessary 
_machinery. 

138. An engine depot was established at Kotri in connection with which an 

Engine Dep&t at Kotri, 
engine shed was commenced, and a block 
of quarters of two stories for the Locomo­

tive Foreman was a.bout half built. Two locomotive engines were purchased 
from the Scinde, Punjab and Delhi Railway Company, and a tank engine was hired 
from the Karachi Harbour works. Seventy-five ballast wagons built in the 
Scinde, Punjab and Delhi Railway shops were brought into use. 

139. During this year parties were organized to survey for a line of Railway 
from Ruk towards Dadur. Before they 

We1t.ern Extension Snrveya. Rnk towards Dadnr. got into the field, however, a prohibition 
to proceed beyond the frontier was received. The strength of the parties ·was 
thereupon reduced. Two lines were surveyed, the one from Ruk ma Shikarpur 
and Jacobabad to the frontier, 50 miles, and the other taking a more northerly 
direction from Shikarpur towards Ghurrie Hussan, about 4 1  miles. The work 
was recorded, but no action taken on it. 

1877-78. 

140. During this year two excessive falls of rain occurred over limited areas 

EXC8118ive rainfall at Shlljabad and Laid. which affected the works of the line. The 
first to be noted was on the 7th and 8th 

September in the neighbourhood of Shujabad, where 33 inches were registered 
in 2-t. hours. This heavy fall caused a sudden accumulation of flood water, which 
breached the line in 23 places, and destroyed most of the buildings at the Shuja­
bad Station. 680 lineal feet of waterway were inserted in the line, and the 
Shujabad buildings restored with burnt brick ; the walls of original buildings 
having been entirely of sundried brick. The other fall referred to occurred on 
the 3rd and 4th September at the Laki hills, where the rain fell at the rate of 2 
inches per hour for several hours in succession. This was on the whole rather a 
fortunate occurrence, as it afforded a useful lesson in the nature of the side and 
cross drainage required in these cuttings. The accumulation of water was so 
rapid, that a train of earth · wagons standing in one of the cuttings was swept out 
by the force of the water, and shot over the embankment beyond the cutting. A 
complete project for drainage, subsequently carried out, was prepared, by which 
all danger from the recurrence of such a heavy fall of rain would, it was believed, 
be averted. 

14 I .  '\\rith these exceptions 
Floods insignificant. 

very little rain fell during the year, and the 
floods w hicb came upon the line from 
river spills were insignificant. 

H2. After the cessation of the rains and throughout the dry season a suc-

u ual ,,_.h 
. cession of quite unusual freshes occurred 

nns .....- ea in the SutleJ dnring the dry season. • • • • m the SutleJ River, which caused great 
trouble and anxiety on the works of the bridge. 
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143. It bas been noted above that in November 187 4 a complete estimate 
for the line (5' 6' gauge) described as 

PJi:�O::u:! aubmiaaion to Gonnunent of Colonel Colonel Peile's estimate, had been submit-
ted to the Director of State Railways. 

It happened, however, that the submission or the document to Government, 
deferred from time to time from various causes, had not been effected up to the 
time now under review. In the interim various unforeseen extensions of the 
works, such as the desert deviation below Bahawalpur and additions to flood 
openings, had been undertaken, and the estimate no longer represented truly the 
total probable expenditure on the line . .  As, however, the document in itself was 
complete, the Government consented to accept it, quantum eal.eat, a Supple­
mentary Estimate being promised to include all the works not provided for in it. 

1-"· In the interval which had elapsed, various new rules bad been issued 

Redistribution of amounts neceuary. 
for exhibiting the heads of expenditure, 
e. g., Telegraphs, instead of forming a 

separate heading, were to be included under Construction of Line, Contingencies 
were to be included in Establishment, &c., &c. A re-distribution of these items, 
without any alteration of the amounts involved, was made in the estimate. A 

Rolling Stock estimate. 
separate estimate in detail for rolling 
stock, amounting to Rs. 69, 73,322, bad 

been recently submitted and approved, the provision in the original estimate hav­
ing been Rs. 35,10,000 only. The amount of this accepted estimate was adopted. 
Lastly, the amount likely to be demanded for the Indus bridge at Sukkur ap­

Ind111J bridge ODlltted. 
peared so uncertain, that it was thought 
hest altogether to exclude provision for 

this work, and the sum of Rs. 29,42,763 entered on this account in the original 
estimate was struck out. 

145. These re-distributions and alterations having been made, the estimate 

'Eltimate II now reviled. 

Preliminary Expenses, • •  
Land, . . • •  
C0011truction of Line, . . 
Ballast and Permanent Way, 
StatiODB and Buildings, . . 
Plant, • •  • • 
Rolling Stock, 
EatabJiabment, . . 

accepted by Government stood as fol­
lows :-

• • 
• •  . . 
• • . . . . 
• •  

Rs. . . . . 9,77,46R 
• • . .  1,90,974 
• • . . 2,81,28,129 . .  • • 1 ,75,04-,61�  . . . .  88,86,980 . . . . H,31,400 . .  . . 69,73,322 . .  60,40,582 

Grand Total, • •  6,0l,88,4-17  

against Rs. 5,96,12,858 in the estimate as originally presented. At the same time 
the Director reported that after as close enquiry as was at the time possible, he 
estimated that an additional sum of Rs. 80,00,000 would be required for the Sup­
plementary Estimate, still excluding the Indus bridge. 

146. The traffic undertaken in the previous year on account of the Scinde, 
Punjab and Delhi Railway Company bet­

Gooda trafllc Mooltan to Maun Bela not resumed. 
ween Mooltan and Makan Bela was not re-

sumed in this year. The down river grain traffic having ceued, the Company had 
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not sufficient freight to keep their own steamers employed, and had no need to 
use the rails of the Indus Valley State Railway. 

147. The 'interest of this year lay chiefly in .  the completion of the three 

Principal works still in hand. 
large works, the Sutlej bridge, the via­
ducts over the Indus spills above Sukkur, 

and the Laki cuttings. A great deal of work of all sorts was, however, done on . 
the line generally, in finishing up the lesser masonry works, fitting stations, plate­
laying, providing staff' quarters, &c. 

148. The following narrative describes in some detail the progress made in 
Prorr- made during 1871•78• the works during the year 1877-78. 

149. In the Shujabad and Bahawalpur Divisions, now united under one Ex­
ecutive Division, about 25 lakhs cubic feet 

Progreaa in the Shojabad and Bahawalpur Diviaions. 
f h . . o eart work were executed m restormg 

the bank where damaged by the heavy rainfall. The small quantity of masonry 
required to complete the bridging was done : 7½ lakhs of cubic feet of ballast were 
collected, making a total of 45½ lakhs cubic feet out of 63!; lakhs cubic feet re­
quired. The ballast was laid on the first 19 miles from the junction with the 
Scinde, Punjab and Delhi Railway line at Mozufl'erabad, 6 miles from Mooltan, 
on miles 42 to 52 and 63½ to 101 .  The remaining lengths were only partially bal­
lasted. The platelaying of the 14  miles to complete the Divisions was done, 
making U4 miles in main line, sidings and branches. The Ooch and Makan 

Ooeh and Hakan Bela branch dismantled. 
Bela branch was dismantled, and the per­
manent way material recovered from it 

sent on to the Upper Scinde District. With the exception of the Shujabad sta­
tion, which had been destroyed and was in course of reconstruction, all the station 
buildings were complete, including their machinery. The roofs of the engine 
sheds, the framing for which had not yet arrived from England, were however 
incomplete. 

Sotlej Bridge Division, main line. 

including platelaying were complete. 

150. On the part of the main line 
in the Sutlej Bridge Division, all works 

151. At the Sutlej bridge the well sinking was completed in August, and 

Batlej Bridge. 

finished in February of this year. 

the superstructure of the 1 1  piers remain­
ing incomplete at the close of 1876-77 was 

1 52. It has been mentioned above that contracts had been entered into with 

Delays in obtaining ironwork from England. 
two firms in England for the manufacture 
of the girder ironwork. The first delivery 

was to have been made in December 1876, and prompt shipment, it was thought, 
would bring to site at Adamwahan 3 or 4 spans at a date which would per­
mit of their erection before the inundation season of 1877-78. The Contractors, 
however, did not keep to their time, and there was some difficulty about shipment, 
which delayed the deliveries in India till so late a date that this expectation was 
disappointed. The staging, which had been erected, had to be taken down again. 

K 



153. The iIJa4equacy e{ the Schade. Punja.b and Dela-i Railway Flotilla to 
Inadequacy of Scinde, Punjab and Delhi Railway transport the material now became more 

Flotilla. than ever apparent, and representations 
were JHde to GoTemment, which resulted in the ironwork for 9 spans being 

Nina span.a ordered fli4 Bombay and Calcuta. 
sent to Bombay and Calcutta instead of to 
Karachi, so that they might reach their 

destination by railway. The results attained fully justified the extra expense in­
curred in this arrangement, without it the ironwork would not have been brought 
to site tm long after the setting in of the inundation season of 1878-79, and the 
completion of the bridge and opening of the line to traffic would probably have 
been deferred for a year, and the line would not have served to 11ssist, as it so ma­
terially did, in the transport of troops and stores to Sukkur for Kandahar for the 
expedition ag�inst Afghanistan. 

l5f. In Appendix C, attached to this Report, will be found a description of 
the method of dealing with the erection of 
the ironwork, and also some observations 

on the temporary bridge and protective works. 'l'he ironwork began to arrive 
only in November. By the end of March 13 spans had been completed, and the 
remaining 3 were finished in May. A very successful season's work. both in 
regard to the mere weight or material lifted and fixed, and to the peculiar 
difficulties which had to be overcome, chiefly in the erection of the last 3 spans, a 
description of which will be given under the year 1878-79. A map is attach­

Map ol the Satlej Bi'fer. 

the !8th March 1878. 

ed, extracted from the Annual Report. 
showing the condition of the river on 

1'>5. In th& Kbanpur and Reti Divisions 214i lakhs cubic reet of earthwork 

Progrem in the Khanpar and Reti Dimi01111. 
were executed- in the JO  miles, by which­
the desert d',eyiation was extended south-

ward from Khanpur, undertaken during this year. The masonry works in bridges. 
were completed. Ten lakhs cubic feet of ballast were collected, raising the sup­
ply to 44 lakfis .out or 64 required. The platelaying was completed. The new 
station burlding at Firoza was completed, and that at Khanpur well forward ; at 
this station staff quarters were built, and the engine shed commenced. The 
1tation macbinery was also completed. 

156. In the Ghotki Division 192 Jakhs cubic feet of earthwork were· exeeut-

Progrea in the Ghotlti DiTision. 
ed, completing the bank. Eighteen lakhs 
cubic feet of concrete and brickwork were 

executed, bringing to completion all but 1 of the bridg.es,. which were well 
forward and were completed in May. Nearly 13 lakhs of cubic feet of stone 
for protectiag the bridges were put in place during the year. Of the 40 lakhs of 
cubic feet of ballast required,. only 8·8 lakhs had been provided. As before men­
tioned. stone from Rohri was to be used throughout this Division, and wula 
be carried out only whee the. carriage of bridge material should be com­
pleted. Tbe metle. gauge tramway wa& dismantled, and the o fe.et. 6 inch uack 
aubstitaterl. The station huildings ud their fittings- and ma.ehineiy were all 
complete.. 
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157. The revision of the atimate for tke Indus. bridge wa made, lntt 

Progreaa in the Ju.doa Bridge Division. 
nothing further done- towards advancing 
the project for· bridging the Indus. In 

the meantime it became necessary to organize a steam ferry, in connection with 
which a quay was constructed on the Sattiao island, which could be approached 
by steamers at all seasons of the year. and which was connected with the main 
line run down to the quay wall constructed in the previous year along the Rohri 
bank. A small steamer and some flats were purchased from tlte Bahawalpur 
State, and negotiations commenced for the hire of one of the large steamers of the 
Scinde, Punjab and Delhi Railway Flotilla. 

158. In the Larkan& Division the embankmeots were completed and also 

Progn,111 in the Larkana Division. 
the masonry works of bridges, excepting 
of that over the Ghar canal, which could 

not be laid dry to permit of a commencement of the foundations until a late date. 
This bridge was completed in June. Thirteen-and-a-half laklis cubic feet of ballast 
were collected out of the 4,7 lakhe cubic feet required. Platelaying was complet­
ed with exception of a gap of 6 miles in length, closed in shortly after the end of the 
year. The stations were complete except at Sukkur, for which a final project was 
still required. Some blocks of staff' quarters were built at Sukkur. The water­
ing arrangements were complete only at alternate stations. A station was estab­
lished at the river side at Sukkur. 

159. In the Mehur Division the earthwork and bridging were completed 
and the metals laid.. Thirty-o11e and three­

Progress in the Kebar Division. 

. quarter lakhs cubic feet, out of 35¼ lakhs 
cubic feet or ballast, were collected, 19! being this year's work. The stations 
were all completed in essential requirements. 

160. The following extract from the Annual Report narrates what was 
done io the Sebwan Division :-

" The main feature in this Dif'ision ia th� Laki Pa11r; which is a heavy war�. The liae rune for 

PJocre811 in the Seliwan Division. 
" some- miles through a.nd around the hills overhanging 
'"the Indus between Behwan and Laki. This align­

" meat bM led to difleulti.ea greater thtm appear � have been anticipated, and of which we have pro­
" bably not yet seen the end. Everything poeaible hu been done to expedite progress, but the hard­

Difficulties in Laki Pue. 
" neH of the rock in some places ; its mixture with 
" BADdy ot ahaly strata in others, which induce& slips ; 

" the intense heat from reverberation, which causes numeroua deatha from sun-stroke and fever ; aa also 
" the unusual depth of the open cuttings, have, with other circumatancea, tended to protraot opea.t,ivns 
" long beyond the calculated date. 

" The permanent way was laid on formatic,n through a narrow gullet in all the cuttings of the Pass, 
" except two, so tl'lat material traine were enabled to pan through in October. At the two e�a re­
" fel'fefl to, tli..-eaieoit were laiel l'OUDG the faee of t;h& cliff', and by these means permanent way and other 

Dive1'11iona roniid cuttings. 
" material• f<hl the line up to La11bn• were paned fori­
" ward to the platelaying head. Thia operation was 

,. OHi pleteli at the end l>f hnu,wy, nd taere being then no rnrtw illlllll8ctiate pl'OBpeet et through traffic, 
11 Ille F&N waa cleaed in order tba• the e-..ttinga- might. be enlarged to the proper dimensions. But for the 
11 tima thna lost, it. is pouible that the gullet cuttinga would be now finished, but no other comae could 
" be followed under the circumstaucea, having due regard to the general progress of the line north of 
11 the 1'111. Al it is, there i& every probability of both gaHet sad diversion cntting1 being finished by 
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" the end of June. In order to ensure this end some modifications have recently been introduced, 
" which will result in a material eaving. 

" During September a heavy local rainfall occurred on the hills, which suddenly brought down vaat 
" bodies of water on the line. Masses of boulders and gravel were swept along the rock and poured on 

Destructive fall of rain. 
cc to the line, choking the insufficient culverta proYid­
" ed ; in some C8888 burying them beyond reach. 

" The streams poured into the cuttings, which are on a gradient of 1 in 150 ; down this elope the 
" water flowed of course very rapidly, filling the cuttings from aide to side to the depth of several feet, 
" and .6.nally bursting over the heavy embankments at the lower ends, sweeping them awa.y, and carrying 
cc among other things a number of tip wagons over the cliff into the valley below. A project is in hand 
" for improving the drainage ao aa to prevent the recurrence of similar damage. If approved, it should 
" be carried out before trains are allowed to run, as work in the Pan can scarcely be attempted with 
cc safety while traffic is going on. The project will consist of catch-water drains on the hill side, culverts 
" in the rock under formation, diversions of hill torrents, and paved water channels down the slopes of 
" all earthen embankments. When the cuttings have attained their full sanctioned width at formation, 
" so as to admit of proper side drains, it is hoped that with the proposed new works, the line through 
" the Pass will be tolerably safe. 

cc Exclusive of the Laki Pass, the Behwan Division compri888 works of some importance-as for in­

Large bridges in the Diriaion. 
" stance, the Sann bridge, 23 spans, and the Aral bridge, 
" 8 spans of 40 feet, besides others of 1688 dimenaions. 

cc Both stone masonry and brickwork have been used in
°
bridges and other buildings. 

• 
cc On either side of the Pass the country is level, but the works on the whole are considerable. • 

• • • • • • • • • 
" The amount of earth and rockwork executed amounts to 1,442! lakha cubic feet, of whieh 

Earthwork, 
" 182:f lakhs were done during the year. The work is 
" likely to be practically finished by the end of June, 

" exclUBive of trimming and dreSBing to be done after the ballast is laid. • • • 
• • • 

" The amount of masonry 

Masonry. 

• • • • • • • 
and brickwork in bridges on the Division, including .-ioncrete, is 

" 20f lakba of cubic feet, of which 7 lakhs were done 
cc during the year. All the bridgee, major and minor, 

cc are finished. 
• • • • • • • • • • 

" The ballast is almoet all of stone, and at 12 cubic feet per foot forward would amount to 36i 

Ballast. 
" lakha cubic feet, which is all manufactured. The 
" Division is partially ballasted almost the whole way 

" through, and much of the boxing has been laid down south of, and in, the Pass. • • 
• • • • • • • • • • 

" The platelaying, with the exception of 5 miles laid previously, has all been executed during 

Platelaying. 
" the year, and the road throughout made passable for 
" trains. It bas been maintained in fair order. Steel 

" rails have been ueed in the Laki Paee." 
• • • • • • • • • • 

The station buildings in this Division were completed with their ma­

St.ation Bnildings. . 
chinery. 

161. In the Kotri Division the group of Manjho Nai bridges, unfinished at 
the end of the previous year, was complet­
ed, the line was fully ballasted, the stations, 

with exception of the junction arrangements at Kotri, were all completed. 

Progrea in tho Kotri Division. 

162. To the one tender engine and 26 low-sided wagons provided in the 

Rolling Stock on Lower Section. 
previous year on this Division, an addi­
tion was made to the rolling stock of 

3 tender engines, 100 covered goods and 100 platform wagons and 4 brake-vans. 
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163. At the close of this year it will thus be seen, with the exception of 
the Sutlej bridge, of a gap of 6 miles 

General condition of the line approaching completion. • 
h L k D • • • d f m t e ar ana 1v1s1on, an o a part 

of the Laki cuttings, the line was ready to be opened for traffic, and this was 
effected early in the next year. 

164. The following extract from the Annual Report describes what was 
done in surveying routes to connect the 

ba::i�Raj����n Sarveys. Hyderabad t.owards Bom- Bombay and Rajputana Systems with the 
Scinde System at Hyderabad :-

" Orders were received early in November 1877, to organize four survey parties to explore alterna-
11 tive routes for a line of railway to connect the Bombay and Rajputana Systems with the Scinde System 
" at Hyderabad. 

" Towards the end of November 1877, the officer appointed to charge of the aurveys took the field, 
" but it was a considerable time before the whole of his staff, consisting of 10 Officers and 6 Subordinates, 
" could be assembled to join him, many of them being engaged upon construction works, which they 
" could not quit auddenly. Late, as was the beginning, in being made, considering the burning and 
" desert nature of the country to be explored, nevertheless all the results that could be expected were 
" achieved before the parties left the field and went into recess at Karachi. 

" The direct route tnii Omerkote and Deesa appearing impracticable, owing to its direction being 
" crOBBed obliquely throughout the desert, which stretches between those two places by lofty ridges of 
" sand hills, attention was devoted to the only promising route north of the Runn of Kutch, that skirt­
" ing its northern edge, and then crossing it tnd N uggur Parker to Pahlanpur, and the Kachh Booj 
" route oia Luckput and Bachow to Lilapur. 

" The preliminary surveys and sections of boih these routes, the former 294! miles, the latter 851¼ 
" in length, were completed, and all neceasary information obtained to enable approximate estimates of 
" the cost to be made out." 

1878-79. 

165. This year witnessed the completion of all of the important works of 

Whole line opened for traffic. 
the line to such an extent as permitted of 
its being opened throughout for traffic. 

A good deal, however, still remained to be done to complete the line in all respects. 

166. The Sutlej bridge was completed and tested on the 22nd and 23rd 
Sotlej Bridge officially opened and named the Em- May, and was officially opened on the 8th 

j,reu' Bridge. June by the Honourable Member of Coun-
cil for Public Works, by command of the Viceroy, and with the gracious permis­
sion of Her Imperial Majesty was named the "Empress' Bridge." The published 
account of this official ceremony will be found in Appendix A to this Report. 

167. On the 1st July the line was opened for public traffic from Mooltan 

Opening of lm.e, Mooltan to Rohri, 1st July, 
(Mozufferabad Junction) to Rohri, 272 
miles. Insufficient rolling stock prevent­

ed the simultaneous opening of the Lower Section from Sukkur to Kotri, but this 
delay proved fortunate in the sequel, as during August a flood occurred severer 
in character than those experienced in 18'74 and 1875, which damaged the line to 
such an extent in the neighbourhood of Sehwan, that despite the utmost efforts 
of the Staff', communication was restored only on the 27th October, when public 

Opening of line, Sukkur to Kotri, 27th October. 
trains at once began to run through from 
Kotri to Sukkur. On the 1st of the month 
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a partial opening bad been made from Sukkur to Radhan, and on the 8th from 
Kotri to Laki. 

168. . Traffic was also interrupted for 30 days on the Northern Section by a 

Interruption t.o trafll.c by breaches from flood& 
heavy flood during August, breaching the 
bank in several places below Khanpur at 

a part of the line never before attacked by heavy spills. Happily everything was 
restored to such an extent as made the line l!-vailable in time for running the Troop 
and Commissariat trains for the Quetta Column early in November. 

169. The following extract 

Beport on floods of 1878. • 

from the Engineer-in-Chief's Report gives 
an account of the extraordinary floods 
which occurred during this year:-

" The floods in the Ind ua Valley in 1878 were the moat remarkable on record, and were accom­
" panied by extraordinary rain atorma which, although they ca11Bed some local damag01 and delays to 
" traffic, did, on the whole perhaps, more good than harm by consolidating the embankments before the 
" preuure of the floods came. 

" The Mooltan Division escaped without damage. The discharge of the Butlej waa moderate 
" throughout the aeaaon, and the training and protective works at the Empreaa Bridge were in no way 
11 damaged or threatened. 

• • • • • • • • • • 
" Th� apilla from the Indus on the left bank extended continuously from mile 176 to 271, with the 

" exception of a few hundred yards of dry ground here and there at sand hills, &c., causing extensive 
" damage from 153 to 203 miles, and at Sangi at the 260th mile. Damage waa afterwa,da done at 
" Sehwan by the spills which had paar.ed through the Kusmore bund on the right bank. 

" A  breach of 3,200 feet wide occurred in this bund on 14th July, and by 29th AugUBt the nu.mer• 
" OWi breaches had increased to an aggregate of 10,170 lineal feet. • • • • 

'' The inundations on the Khanpur Division came chiefly from the Indus left bank, and although 

Khanpur Division, 
" the Chenab rose to an unprecedented height also, 
11 the Bahawalpur State bund stood well, and pro• 

" tected the line above the 153rd mile from inundation. 
" The flood reached the line at the end of July. • • • • • 

" By the 10th August the line was ao damaged by ripples washing the al opes north of N aushabra, 
" that traffic was atopped ; on 14th the bank waa breached at 158 miles, and by the 22nd there were 
" thirteen large breaches with rapid currents flowing through the bank in a length of 25 miles, from 
" 153 to 178 miles, besides much damage to the slopes and bridge approaches. • • • 

• • • • • • • The floods reached their greatest 
" height on the 24th August, remained so for three days, and then began to fall rapidly. Traffic had to 
" be sU11pended from Kbanpur to Reti, the maila being sent through by trolliea and boats. 

" The break in communication had, by great exertio�• been reduced to two-and-a-half miles by 6th 
" September, and trains ran through again on 18th September. 

" The flood extended without break to Rohri. The alopea were much damaged, and heavy l!C<>ur 
" took place at many bridges; but the only place where there was aerioua difficulty in maintaining com­
" municationa was at Sangi, .where the rush through bridges Noa. 61 to 65, each being two spans of 40 
" feet girdera, waa ao great, that the embankment continued slipping into the great scour holes on the 
" down-stream side, and could �ardly be kept above flood level with atone brought up by train . 

• • • • • • • • •. • 

" On the Larkana Divi&1on, from Sukkur to Madeji waa expoaed to considerable danger in the latter 

wkana Di vision. 
" half of July from the Laki-Abad flood spill. The 

. " banks of the Bind canal, 18 milea above Bukkur, 
" were extenaively breached ; the flood croaaed the Shikarpur road, breaching it in several placea, and by 
•• the middle of July· bad breached the Sukkur canal, and stood with a difference of level of 3 feet against 
" the railway bank at mile �89. A 'breach took place here which wu fortunately closed again instantly, 
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" before the rush through bad gained the mastery ; and no other very serious damage was done. There 
" was heavy scour at the Ruk bridge and others, but not enough to cauae anxiety, and the thick jungle 
" of this part of the country prevented much damage being done to the slopes by waves on any consi­
" derable lengths. 

" The Jalli bnnd was not breached by the river in 1878, and it consequently kept any direct spill 
" from the Indus out of the area enclosed between it and the railway bank ; the Laki flood discharged 
" through the Ruk bridge until this area became filled up, when the height of the water on each side 
" of the railway became nearly the same and higher than the Indus. The discharge then was through 
" the Ruk bridge from right to left, ,nd thro�gh bridges at 800 to 807 miles from left to right. The 
"

'.water was thua much con.fined between the Bind. canal bank and the Jalli bund • 

• • • • .,, • • • • • 

" Numerous damagea to the railway, caused by the floods in July, were being repaired, and !he line 
" got into fair running order, when the Kuamore flood came down, rose to a maximum and unprecedent­

Kotri Division. 
" ed level of 119·00, or 2 feet higher than any pre­
" viouely recorded flood. The waterways immediately 

cc north of Behwan proved quite insufficient, and on 17th August four great breaches were made in the 
" bank·between 408th and 410th miles. 

" The depth of the inundation and the flow through the gaps would have prevented anything effectual 
" being done to get engines past these breaches before the end of September ; but it was alao deemed 
" unsafe to attempt to force any more water through the bridges by cloaing the gaps, for the piers of the 
" Kara-P'itta bridge had moved alarmingly in different directions and were thought to be in danger. 

" Work was not begun therefore un�il lat October, and trains were not able to pass over the diver-
" sions until 23rd October. • • • • • • • 

" The experience of this season goes to show that nothing can be done to close large breaches while 
" the floods are high, and the water running strongly through them, and any temporary bridging through 
" the flood, if poBBible at all, could not be got ready sooner than the probable subsidence of the flood. 
" In fact no reliance can be placed on unlimited materials, money, and skill and devotion on the part of 
•• the Staff to restore communication over large breaches during the floods. 

" Another lesson learned was that, during the floods the safety of the line in all places where the 
" slopes are not pitched or protected by very thick jungle is wholly dependent on the absence of high 
" wind. A moderate breeze continuing for two days would certainly destroy the embankment in any 
" (lpeu flooded place. In 1878 the line was particularly fortunate in experiencing calm weather on the 
" whole." 

• • • • • • • • • 

1 70. The critical condition of the.Railway in seasons of inundation, and the 
. Major Forbes' recommendation to inc71l118Cl ventage for anticipation that the spill over the left 

floods agreed to. bank of the Indus would be seriously in-
creased when certain works of reconstruction and restoration at the Kusmore 
bund should be completed, and the spills on that side be in consequence arrested, 
led th� Government to call in the services of Major J. G. Forbes, R.E., who had 
acquired experience in the phenomena of large Indian rivers. This officer's report 
will be found in ezteTUJo in Appendix B. The recommendations were accepted 
by the Government, ·who agreed to the provision of a considerable increase to the 
venta�e ·ror inundations between Kha�pur and Rohri and at Sehwan. 

171. The line having-been opened, a statement was called for of all the works 
Stat.ement of works remaining incomplet.e after line remaining incomplete on the 31st October. 

was opened to traffic, An officer was officially appointed to the 
task of preparing this, but he was unable to complete his work until after the 
close of the . year. The general result is shown in the following figures, which 
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include all the extra flood openings proposed, but exclude the Indus bridge with 
its approaches, as the project for that work is still incomplete• :-

Provision in Expended np to Estimated 
amount of Grou cost of Head of Service. Colonel Peile'1 81st October incomplete Railway. estimate. 1878. work. 

Rs. Rs. Rs. Rs. 
Preliminary Expenses, • •  . . . .  9,77,468 6,28,288 1 ,000 6,29,288 
Land, . .  . .  . . . . 1 ,90,974 1 ,57,928 67,200 2,25, 1 23 

Construction of Line, . .  . .  2,8 1 ,28, 1 29 1 ,90,1 8,41 2 92,81 ,156 2,82,99,568 

Ballast and Permanent Way, . .  . . 1 ,75,04,612 1 ,4 '1,22,228 1 7,27,269 1 ,64,49,497 

Stations and Buildings, • •  . . 88,86,980 24,35 ,757 28,31 , 1 77 52,66,934 
Plant, . .  . .  . ..  1 4,3 1 ,400 13,48,458 1 ,62,403 1 5,05,861  

Rolling Stock, . .  69,73,322 3 1 ,61 ,998 40,48,097 '72, 1 0,095 
Establishment, 60,40,532 62,92,954 1 7,3 1 ,390 80,24-,344 ----

Total, . . 6,01 ,83,41 7 4,77 ,6 1 ,018  1 ,98,49,692 6,76, 10, 7 1 0  

1 72. A new organization of the Executive Divisions was introduced : they 
were re-distributed so as to suit the re-

Re-arrangement of Executive St.aff and Divisions. 
quirements of maintenance under Reve­

nue. The office of Engineer-in-Chief was retained, but the Superintending Engi­
neerships were abolished at the close of the year. The new Executive Divisions 
were :-

Mooltan Division, . .  • •  . .  Mile 0 to 1 1 3  
Khanpur " . .  • •  " 1 1 3  to 22 1 i  
Sukkur " . .  • •  . .  . . " 221 i  to 303 
Larkana " . .  . . . .  . ,  303 to 402 
Kotri II . .  . . " 402 to Kotri. 

173. Preparatory to the opening of the line, a Manager and Traffic Superin-

Appointment of Rmnue Staff and general control tendent were appointed in May, and other 
vested in Consulting Engineer, Lahore. Revenue Staff was arranged for, to which 
additions were rapidly made as the nature of the increasing business demanded. 
At the close of the year the control of the line passed from the Director of State 
Railways, Western System, to the Consulting Engineer to the Government of 
India for Guaranteed Railways, Labore. 

174. At a Conference held at Lahore in November, a proposal was made 
by the Honourable Member of Council 

Proposal that the Scinde, Punjab and Delhi Railway 
Company should work the traffic of the lndua Valley for Pubhc Works to the Officers of the 
State Bailway. 

S • d p • b d D lb" R "1 C cm e, unJa an e 1 a1 way om-
pany, that they should take over the working of the traffic of the Indus Valley 
State Railway. The officers of the Company were obliged to refer to their 

• Thia Estimate contains an item of B1. 9,4'5;223, or 5 per cent. on the amou.ut of " reqniremeuts to complete ., to pro. 
vide for further unfol'888ell works. Thia is neceaaary, and the amount has been added to the three itema of " Constructiou 
of Line," " Stations and Buildings," and " Rolling Stock," in following proportion, viz.:-

Construction of Line, 
Stations and Buildings, 
Rolling Stock, • •  

... 
. .. .. . Rs. 5,4'2,855 

• • •  ,, 1,65,595 
... ,, 2,36,778 

Total Rnpeea, • .. 9,4'5,228 
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Board of Directors before making a reply, but it was generally understood that 
an arrangement to this effect would be come to. 

Narrati',e of progreaa in works during 1878-79. 

the year. 

175. The following narrative tells 
of the principal works executed during 

1 76. In the Mooltan Division the extra flood openings, commenced in the 

In the Mooltan Division. 
previous year, were completed. All the 
stations were completed in all respects. 

Eleven and three-quarter lakhs of cubic feet of ballast were collected, bringing 
the total up to 56¼ lakhs collected out of 82! lakhs required. 

177. The following extract from the Annual Progress Report narrates what 

Progress at the Sutlej Bridge. 

Appendix D.:-

was done at the Sutlej bridge, of which 
some additional details will be found in 

" At the end of laat iinmcial year the works of the Division were complete with ueeptiou of the 
" bridge itself and it, protective works. In the bridge at the beginning of the financial year all necee­
" aary maaonry was finiahed, 11 spans of the girdel'II were complete, and 2 were under ereotion, 2 more 
cc in eolll88 of arrival, and 1 had not left Kotri. 

" In two of the uncommenced spans the river ran with a channel varying from 46 to 58 feet in 
" depth, and in the deeper of these a pile staging, erected under difficulties unexampled in this country, 
" had already been conatructed from spars of about 70 feet in length driven into the river bed. The 
" baae of the left bank protection bund was in hand up to within 1,500 feet of the left abutment, and 
" its end was connected by the third temporary bridge of that season with the right bank sand spit. 

" To relieve the pree11ure of immediate freshes, and with an llltimate view to diverting the whole 
cc river in the :flood aeaaon, two canals, each 150 feet wide, had been cut through this spit ai1 described 
•' in last year'• Progr8118 Report, bnt were bunded up at the ends to prevent silting. 

" By the 16th or April the 13 spans of girders then in hand were all completed, and the stage at 
" P, Q, was ready with its upper stage to receive the girders, when a sudden fresh in the river was tele­

" graphed from Phillour, and work was suspended till its passage at midnight of Good Friday, April 
" 19th. This fresh, or rather :flood, culminated with a rise of 5i feet, which would probably have reached 
" 7 feet, but for tht\ relief afforded by cutting the canal buuds. 

" In spite of the completeneaa of our dispositions, there was necessarily a moat serious aenae of 
" anxiety, as the losa of the stage would have deferred the completion of the bridge for nearl1 a whole 
" year, and would have involved a very heavy loss of money and material. 

" FortUDately all held good, and by the 22nd of .May the whole bridge waa oompleted and teated 
" by the OonaaJting Engineer for Guaranteed &ilways, Lab.ore, in •  manner equally aatiaf'actorJ to the 
" deaignera and ihe erector! • 

• • • • • • • • • 

• • • • " The bridge was declared open for trafllc on the 8th or 
" .June, and by the end of July the left bank protection bund was completed. The completion of tbia 
" bridge in a year les1 than the estimated time, and in point of fact sooner by some weeks than the 
" through line to Kotri, is a source of great pride to the otlicera conoerned, and the more 10 as the 
" bridge haa been most u.aefu.l for the conve1ance of troops and atorea for the Kandahar Force by rail 

" As a foot bridge it has been utilised by cavalry, by elephants, and by great numbers of camels 
" carrying Commiasariat s�orea. It is a pity that means for opening it permanently for ordinary camels 
" and other pack animal trafilo are not adopted, as the1e still have to 111& the ferry. For foot passenger 
" traffic I have proposed a way along the top of one of the girders, for which a design and estimate 
" of cost (which is small) have been submitted. 1 believe it would pay well and prove a great conveni• 
" ence to the public. 
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" When the ilooda of the year culminated in August, the canal cuts through the sand spit amply 
11 fulfilled their ultimate purpose, and diverted the deep stream from its oblique croaaing at pier■ 0, P, 
" and Q, into one which ultimately lay in the centre of, and nearly at right angles to, the bridge. 

" The spans where the 70 feet piles were used are now quite silted up. The bay of 1876, which ao 
" nearly outflanked the bridge, now bears a luxuriant crop of brushwood, and so thoroughly was the river 
" diverted from the bund, that the protective materials of the year are still high and dry, and have obvi• 
" ously not been undercut at all except at the pier head. The accompanying Map shows the position 
" of the river at this date, 

• • • • • • • • • 

1 78. The following extract from the same Report describes the works of 
River Conservancy works. 

ing the bridge :-

a permanent character undertaken for main­
taining the river in its course in approach-

" The main south bank spur was commenced in February 1877, from the village of Meani on the 
" high ground, a:nd by the following July, the beginning of the ilood season, was advanced to a point 86 
" chains from its starting point ; the bund being constructed to a height of 5 feet above high '\Vater, 
" viz., 885·00 Reduced Level, and carrying a broad gauge tramway. Thia tramway was connected with 
" the main line at mile 55 by a branch tramway 84·48 chains long, raised eo that rail level stood at 
" Reduced Level 384·00. No difficulties were encountered in the construction of the above, except at 
" the crossing of the first dhund or old river bed, which consumed 4,00,000 eubic feet of earth-filling. 
" The total work done before the fioods of 1877 was as follows :-

Earthwork, 
Fascine protection, 
Willow plantation, 
Cnbe protection, 
Stone protection, 

85,56,000 c. feet. 
o o  3,()0,000 Sq, 11 

8,40,000 sq. ,, 
8,57,286 c. ,. 
1,04,391 c. ,, 

" During the :6.ood of 1877 the temporary head of the bund, which had been protected by. about 
" 1,04,000 cubic feet of atone, was attacked by the river, and the atone at the immediate head, as well 
" as  the protection on the face of the bund for 200 feet from it, settled down, and was rapidly replaced 
" by a fresh supply to the amount of about 20,000 cubic feet, till settlement ceased, when it was poa• 
" sible to sound stone at depth of 40 foet. After the fiood had subsided, the cold weather stream ran 
" about 19 chains from the bund, under the head of which remained an arm of the. river 400 feet wide, 
" and 27 feet deep in the middle. In October 1877 work waa ,iommenced, and pushed on vigorously ; 
" but serious difficulties were encountered in closing the branch of the river just mentioned. Three' or 
" four times unexpected freshes temporarily re-opened it, and carried away the new earthwork. Finally 
" a temporary pile bridge carrying the line of rails wae constructed across i-t, and the gap rapidly filled 
'' from the wagons of an earth train shunted on to the bridge. Though the unexpected ri888 in the 
11 river had kept back the work as explained, they afforded an opportunity of pushing the bund atil1 
" further towards the bridge. Previous to the rises the prolongation of tl!ie bund had been projected 
" up to a point on the edge of the stream which was on the convex or cutting bank of a bend, this point 
" being 1,lmporarily secured against the cutting action by ample protection- transported in boats, The 
" effect pf the rise was to cause the river to cut straight across the cherd of this bend, which latter it 

. " at the same time silted up. Without loss of time the point where the centre line of the bund inter­
" sected the new edge of the stream was made safe, and connected to the point formerly secured by a 

· " strong line of cube protection transported in boats. 

" Thus the present bund head was secured in 1878 at a distance of 117 chains from its starting 
" point, and about 18 chains from the bridge, and the entire new part of the bund raised to the Reduced 
" Level 374·50 by the end of the official year 1877-78. Thus at the beginning of the present official 
" year the work to be done was-

" (1). Raising the height of the new 81 chains of the bund from 374·50 to 885·00. 

" (2) . Depositing cube and stone protection along the same. 

" (3) . Protecting the rear- slope or the same with fascine work and willow plantation. 
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" It was necessary that the new part of the bund should be, if possible, completed by the middle 
" of July. This involved the execution or work to the following extent :-

Earthwork, • .  , , 
Cube and stone protection, , • 
Faaci.ne protection, 

.. . . 

.. 

28 lakhll e. feet. 
10 ,. 

2,i0,000 s. feet. 
.. 

" The earth had to be entirely brought to site by train, and was borrowed f'rom the high ground in 
" front and rear of the bund close to Meani. The material for protection waa brought from Hamdi, . 
" Channi Gote, Mubarakpur, Lodhran, Gilawala and Adamwahan, and as many as fonr trains daily 
" were employed in its transport. Before the first flood arrived, ·July 2nd 1878, the stone and cube pro­
" tection was nearly all at site, and the earthwork practically completed. Previous to the floods the new 
" bund head was frequently attacked with great force, and the atone was known to have settled down 
'' 30 feet below low water. The quantities of work executed up to July Slat 1878 were as follows :-

Earthwork, 
Stone protection, 
Cube protection, 
Cube reserve, • , 
Stone reserve, , • 
Fucine and willow plantation, • • 
Extra stone protection in bnnd head, . . 

• , 78,89,216 c. feet. 
8,81,141 ,, 

18,68,091 ., 
1,14,484 ,, 

98,000 ,, 
i,00,000 sq. feet. 

85,100 c. feet. 

" The river, which had risen to 875·80 on 2nd July, continued in flood till the middle of September, 
" the least gauge reading during the time being 873·40 on July 23rd, and the high eat 879·60 on August 
" 26th. At the commencement or the flood the bund head wa.a slightly attacked, and alight settlement 
" of the material in front of the bund, about a chain behind the bead, took: place ; but excepting this, 
" little or no action occurred, and the river steadily advanced ita main stream towards the right bank. 
" leaving the bund head in comparatively alack: water. 

" From the very oft'set it was apparent that the canals constructed for relieving the discharge of the 
" main stream described in laat year's Report were fulfilling their purpose admirably, and the sp1111B OP, 
" PQ, which at first discharged nearly the whole river, were gradually relieved, and eventually began to 
" 11ilt up rapidly. 

" It was, however, by no meana as relieving channels only, that these cuta did work. They appeared 
11 to aBBist the action of the river wonderfully in its continued attack on the aand bank through which 
11 they were cut, and the head11 of both rapidly approached the bridge. The first canal had vanished by 
" the middle of July, and gave place to the river, the second was also absorbed by the river for about 
" half ita length, and the remaindt,r of it was choked by a depo11it of silt 4 or 5 feet deep. 

11 As a proof that the river discharged itself through the bridge without any excessive acour or -eon-
11 traction of its channels, it may be mentioned that 80 feet was the deepest sounding found throughout 
" the length of the bridge, excepting just below spans OP, PQ, where 50 feet was sounded in dead water, 
1' but this bad been known to exist, being the result of the previous year's floods. .A.t the end of thia 
'' year's flood season, the low water channel passed under the bridge between the spans IK, LM, and 
" 11ince then it has shifted one 11pan nearer to the north bank:. 

" Since the flood B'3ason the 'earthwork of the south bank bund baa been finished, and 14.·80 chains 
" of ita length, previously protected by fascine and willows, has been secured by atone and cube protec-
11 tion from the reserve, ao that assuming the present head of the spur the final one, i, may now be aaid 
" �bat thia work is complete • 

• • • • • • • • • • 
" In November laat the right or north bank protective bund w1111 taken in hand, and aa no difli­

" culties whatever have interfered with its construction, it was almost, and would have been quite, com­
" pleted by the end of the year, but that the rolling stock employed on the work bas had to be tempo­
" rarily taken away for urgent traffic purposes. Aa in the case of the south bank work!!, the main bund 
" has been provided with a tramway along ita top, connected to the main line by branches, but so dis­
" poaed as to form the two legs of a triangle, of which the main bund ia the third 11ide. In the fir11t 18 
" chains from the high ground near the city of Adamwahan, the right bank bund ia straight, in the next 
" 16 chains it runs towards the bridge in a curve of 1,750 feet radius, · and the remaining 16 chains are 
" in a 11traight line, making an angle of about 60 degrees with the centre line of the bridge. The pro­
" tection baa been thus disposed-

" (1). First 6 chains from the abutment 800 cubic feet of stone per foot run. 



" (J). Next 10 chaioa about 200 cubic feet of cube. 

" (8). Next 31 chains about 1150 cubic feet of cube per foot 1'1lll. 

" (4). Lut 4i chaina about 200 cubic feet of cube per foot rua, and aa much atone u can be col­
" lected from all the old atone stacking grounds. The total quantities of work in the right 
" bank protective works, which it ia expected will be completed in the preeent financial 
" 1ear, are aa follows :-

Hammed earthwork, •• •• •• 18,61,204, c. feet. 
Stone prot.ectiou. • • • • 2,H,000 • 
Cubo protection, • • • • 7,25,000 ., 
:Pennaneni war, 1·80 mile. 

" The total qwmtitj.ea of work in the protective works of both banka complete are as follows :-
Eanhwork, • • 1,08,00,00 c. feet. 
St.one protection, • • • .- 7.85,H2 ., 
Cube protection, • • .\ 2,07,899 n 
Fucine, ••  8,90,000 s. feet. 
Willow protection, • •  4,80,800 ., 
Permanent way, li·7r, mile. 

" The coet of left bank works including permanent way, which up till now haa not been all debited 
,, against the work, will be 7l lakb1, and of the right bank works 2¼ lakhs, or in all 10 lakhs . Out of 
" th818_ total qnantitiea the following amou.nta have been executed in the official year 1878-79 :-

• 

Earthwork, . . 86,21,204 e. fee&. 
Stone protection, . . 4,41,850 .. 

.Cube prokction. . . 11,78,820 " 
Fascine, 90,000 a. feet. 
Willow, 90,000 " 
Permanent way, 2-6 mile.'' 

• • • • • • • • • 

179. In the Khanpur, Sukkur, Larkana, and Kotri Divisions little remained 
to be done in important works at the close 

D
-��u in. tn. Khanpur, Sllkkur, Larkan& and Kotri of the previous year. A good deal was 
11'1110111. done in completing buildings and station 

arrangements, and some advance was made in ballast collection. A commence­
ment was also made in raising the embankments and flattening slopes determined 
o� after the floods of July. 

One cutting, No. 2, in the 

Laki Fus, not quite complete. 

completed during the year. 

Laki hills was still incomplete at the close of 
the year, but was passed by a diversion. 
The drai11age project for the Pass was 

180. Some advance was made in the project for the Indus bridge. The 

Designs for Indus Bridge. 
Consulting Engineer for Sta.te Railways 
visited England to confer with the Con­

sulting Engineer there, and an Engineer was appointed to take further measure­
ments and obseryations at Sukkur. The result it  is believed may be a return 
to the site first suggested at Rohri, which offers the shortest span, 625 feet clear, 
in preference to that more recently advocated at the Hadji Motoo, to cross which 
a span of 786 feet was necessary. 

181. Pending a final decision about this bridge, the steam ferry above des­

Steam Ferry at Sukkur. 
cribed is maintained at an expense of 
about Rs. 3,00,000, pe-r annum. 

182. The Suney parties who had been engaged in surveying from Hydera-
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bad towards Bombay and Rajputima were occupied until June in recording 
their field work. While this operation . 
was still incomplete, the parties were all 

transferred to the North-Wes tern Provinces and Oudh, to assist in surveying 
for Famine works. 

183. Two alternative routes for a branch from the Scinde, Punjab and Delhi 
Mooch Salt Branch. 

Railway at Karachi to the Mooch Salt 
works were surveyed, but the Government 

subsequently determined not to prosecute the scheme. 

184. A party was sent out from Sukkur to examine the country towards 
Sukkur t.o Dadur Sarveya. 

Dadur, as it was thought possible that a 
Railway might be undertaken in that di­

rection in connection with the expedition to Kandahar. The project was finally 
abandoned, and the party was recalled, and two out of the officers were retained 
to record the work done and to prepare an estimate. 

185. As the works required to complete the Indus Valley State Railway 
will be executed by the Engineers of the Revenue Stafl', all future notice o_f 
them will be found in the Administration Report of the Open Line. 

186. The annexed statement exhibits the expenditure incurred year by 
year from the commencement to the 31st March 1879. 

F. W. PEILE, Cot., R.E., 
Director. 
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Btatt,msnt 1'/wu,ing tAa upendit,wa incurred on each Sub-lieaa of Sen,i.ca from tAe COtlHnfflOMMflt 

to 81st March 1879. 

Subo:Eeads of Accotlllt. 

. 1.-PB:BLilllli.lBY En>XNBES-
1. Sul'Vey Expenses, 
�'� J,?lant, 
!. F.iatabJiehrn3nt, 

11.-L.lll'D, • •  
m.-ColfsTBucTxoN oll' LDOI-

1. F..arth-work, &c., 
2. 

. .  
Bridge-work-

i.-)finor �ridges, clllrerts and flood 
openmge, . .  

ii.-Large bridges, . .  
8. Tunnels, . .  ,. Level CroBBings, 
6. Fencing, 
«t Electric Telegr;':'!Jh, 

1. Ballasting, 
2. :Permanent Way, . .  

v.-BT.&.Tiol!Ts .A.l!TD BITTLDmes-
1. Statioui! and Offices, • •  
2. W orke'hopa, Store Buildmgs, &e., 
8. Staff Quarters, • •  
4. Station Machinery, 

VI.-PLAlfT-
1. Engineering, • •  
2. �c�motive, • .: �. 
� t.)��e anc __ _ _-:-�on. _ • •  
s. Station and Oiiioo F'umiture, 
15. Traffic, • • • • 

VII.-BDAK F:EBBJ:JIS, 
VIII.-RoLLil!TG-STOOX-

1. Locom,:itive Stock, • • 
2. Carriage and Wagon Swck, 

!X.-EsTilLIBlr.:D'T-

1. Direction, • • 
2. Engineering, • •  
8. Locom9tive, • •  
4- Traffic, 

Stores, 
6. Audit and .Acc::mnta, • •  

. .  . . . . . . . .  

. . ' 

7. Medical and Sanitation, • •  
Loa on Btoree tran.af'erred lo other 

Bailwa1a, • • 

Total Final Heads, 
Bupenae. . .  

Total, 
.DdOUOt-Beceipta on Capital Accouni, 

. .  . . . .  
Total, 

D"1duo1-0redit: to Expenditure in England, 

B�lhpendime in India, 

Koov.r.ur : ! 
22114 J,ilg, J,879. � 

Expeuditare 
to 81st March 

1879. 

Rs 
6,41l,172 � , ?'.!4: - - - . ._ _  'W -""' - , 'I � u,v - ; • , u  

2,82,190 

58,66,485 

80,12,180 
1,17,83,586 

1,09,778 
95,009 
�A,/348 

20,07,725 
1,87,25,271 

9,44,811 
1,16,13.j, 

10,61,253 
10,95,509 

18,42,272 
1,953 

- -- �i�:s 
1,z-��;851 

8,006 

21,58,230 
28,68,240 

18,68,902 
88,93,144 

'l',501 
-, - - �-.=,, • l l l  - -. ---- �v.a. 

8,tel,658 
2,32,289 

58,882 

o,86,45,910 
88,84,589 

o,7&,so,499 
89,319 

o,74,41,180 
l,22,61,0IS9 

4,s1,oo,121 I 

(Signed) 

Bemar!te. 

L BJOBLOOX HVBBABD, 

Dy. � of  �, L Y. 8. B. 
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APPENDICES. 

A P P E N D I X  A. 

&tract from tM Pionur of tM 12th Ju� 1878. 

THE EMPRESS BRIDGE. 

[Faox oua ow11r CoaaBsPOllrDlllff,] 
Alltalll"'IIMII, 8tA JWM. 

TB.B bridge over the river Sutlej at Adamwahan was opened by Sir Andrew Clarke this moming in 
the presence of some 300 European• and many thousands of natives. The report of the Director of 
State Railways (Colonel Peile, R.E.) gives a full description of the bridge, so I will not aay more of it 
than that it is handsome and goo1 ; that it looks as if made for all time, ani exactly the kind of work 
that make the natives look up to and feel the superiority of the English, who are able to control and 
bridge their wildest rivers, and meet difficulties only to overcome them by their indomitable perseverance 
and engineering skill. The arrangements for the opening were excellent, and with the exception of one 
or two trilling delays, such as a hot ade a� Mooltau oi. one of the carriages of the special, and the run­
ning over a stray camel by the same train at Adamwahan, everything went very smoothly. A special 
train of 22 carriages, containing the guests invited on the Lahore and Jhelum side, left Lahore at 8-15 
P.H. on Friday. In it were Sir Andrew Clarke, his Private Secretary Captain Brackenbury, R.E., Mr. 
Molet11worth, Consulting Engineer to Government, Colonel F. W. Peile, R.E., the Director of the West­
ern System of State Railways, Lieutenant-Colonel Medley, R.E., Major Trail, R.E., Major Fenwick, 
the Bi1bop of Lahore, Rev. W. H. Tribe, Chaplain of Lahore, many officers of the 8. P. and D. Railway 
Company, the Agent of which line was unfortunately unable, through sickness, to go down ; Messrs. 
Bell, Morrison, Rosa, Scott, Arundel, Conder and others. On arriving at Mooltan about 5-30 A..K., 
cl,ota luuri was provided on the platform, and, after about an hour's stoppage, the train proceeded to the 
Butlej bridge, having picked up at Mooltan eight more carriages and a number of ladies and gentlemen. 
On arriving at the station of Adamwahan closa to the bridge, we found the buildings prettily decorated 
with the long grass (which seems almost the only form of vegetation in that howling wilderneBB) and 
palm branches. Banners were introduced overhead and in the groups of palm, and over the entrance 
to the bridge was an immense white banner, on which was in large crimson letters " The Sutlej Bridge." 
When the ceremony of naming waa performed, this banner was reversed and showed " The Empr888 
Bridge.'' When the irain drew up at the platform, the Nawab of Bahawalpur, who had arrived before 
us, was introduced to Sir Andrew Clarke by Colonel Graham, the Commissioner of Mooltan, by command, 
:representing the Lieutenant-Governor of the Punjab. The guests then walked on to the bridge, and 
when in their places, a proceSBion was formed, con_sisting of Sir Andrew Clarke, the N awab, Colonel 
Graham, the Bishop of Lahore, Rev. W. H. Tribe, Colonel Peile, Mr. Bayne, Engineer-in-Chief of the 
Indus Valley, Mr. Bell, who has completed the bridge, and others. On arriving at the bridge, Colonel 
Pelle (the Director) presented Bir Andrew Clarke with a brief history of the bridge. 

Then followed an impressive service read by the Lord Bi1hop of Lahore and the Rev. W. H. Tribe ; 
aft.er which Sir Andrew Clarke, in a few well-choaen words, congratulated those engaged on the bridge, 
on behalf of the Empress and Viceroy, on the completion of their work, informed the company of the 
Empress' permission that the bridge should be called after her and handed down to poaterity as the 
Empresa Bridge, and proclaimed ihe bridge open for traffic. Long and hearty cheers were then given for 
the Empress Queen, the band struck up the National Anthem, and the party went back to their carriages 
in the special train. To this train a gaily decorated engine was attached, and took ua steadily acrou 

�e bridge. The fint train crossed amid the cheers of thousand■ of native workmen who were clustered 
over the structure. The train was then run down the bund to enable a good riew of the bridge to be 
obtained, and then, for the first time, we recogniaed bow vast and splendid a structure it was ; and 
when one looked at the mighty river bed, and imagined that now placid stream, swollen and angry, 
rushing down ita torrents with seemingly irresistible force, it' appeared an impossibility that the bridge 
ahould ever ba'fe been completed, u it atanda now, a specimen of what human ingenuity can devise, of 

B 
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man', victory over nature, an enduring and a careful monument to be handed down to those who come 
after ua, connected with the name• of all who have worked, and some alas ! who have lost their lives 
while engaged upon it. 

The country round the Sutlej ia arid and deeolate to a degree, destitute of vegetation, and of a 
climate moat inimical to health ; ao much ao, indeed, that hardly a European engaged on the work but 
baa felt it more or lea■ severely, many having been forced to leave, and aome of tham having died on it. 
The train now recroBBed the bridge, and drew up at Adamwaban station. Here we again descended, 
and paaaing down a prettily decorated passage, aome hundred and fifty yards in length, entered the 
mechanic■' ahop, which bad been stripped for the occasion, and ornamented with Haga dbd devices, 
many of which I fancy had been used when the Prince of W alee waa over here in India. The shop 
had been plentifully supplied with punkaba and a large ■team tbermantidote, and under their cooling 
influence were spread tables to accommodate about 250 guests. The dejevner was preaided over by 
Mr. Rayne, the Engineer-in-Chief of the Indus Valley State Railway, who had on bis right Sir Andrew 
Clarke, on his left the Commissioner of Mooltan. At the high table which ran across the top of the 
room, were aeated, in addition, Mr. lloleaworth, the Nawab, Major Grey, Colonel Peile, Colonel Medley, 
Mr. Muudote, and othen ; and the other tables were well filled with well-known faces. After the tlejeuner, 
the President proposed successively " The Empress ; " " The Prince of Wales and the reat of the Royal 
Family ; "  and " The Viceroy," all of which toaata were drunk with much enthusiasm amidst hearty 
cheering. 

Sir Andrew Clarke then rose to propose-" Success to the bridge and the Officers and men con­
nected with it," which he did in the following words :-

I am glad to have received the instructions of the Viceroy to tell you that it would have been to 
him a source of much interest and pleasure, had the fact which we are to-day assembled here to com­
inemorate occurred at a time when he could have arranged to be present. His Excellency baa bid me 
aasure those who have been engaged upon this work, that when he waa here towards the end of 1876, 
he was deeply impressed with the magnitude of the undertaking, anQ thoroughly appreciated the dif­
ficulties which had been already overcome and still remained to be conquered. I am also commissioned 
by the Lieutenant-Governor of the Punjab, in whom you have an appreciative, indeed I may say almost 
a professional, critic-for he is by taste and study an engineer-to convey to you his regret that be ia 
not able to be present to-day-a commiaaion which I' shall beat fulfil by reading to you his letter to me. 
Writing a few days ago, Mr. Egerton says :-" I am very glad to hear from your letter that the Indus 
Valley Railway Bridge over the Sutlej is to be honoured by being named the Empreaa Bridge. I con­
gratulate you and the officers of the department over which you preside on the successful completion 
of this magnificent work which is unsurpassed in India, and which is a moat important link in the line 
of communication between Upper India and the seaboard. I regret that I cannot be present in penon 
on the occasion of the opening, and I must therefore ask you to convey my congratulation■ to the 
officers who have been employed upon the work, on the aucceaa which haa crowned their labours." 
Sixteen years have now elapsed since Brunton, the Engineer, pitched his camp and collected bis forces 
on this wild and desolate spot, having a task before him not less vast, if tradition and history speak 
aright, than that which the mighty " Iscander " undertook when with bis hosts he croaaed the Ravi 
and the Chenab, and came, it ia said to this very site, to paas hia legions to the further conquest of an 
immenae city and nation on the banks of far distant Ganges. Some of you, to whom I am now speaking, 
have by your previous labours aucceeded in spanning with great works the Ravi and the Cbenab, and 
in now bridging the river Sutlej have done that which baflled the great Ale:xander himself, when, dis­
heartened by heavy falls of rain, more probably by fitful floods of this mighty stream, he had with his 
army to fall back upon the Indus, and compelled to abandon his golden schemes of ambition, sailed 
back on ita broad bosom to the seaboard. Thus that river Butlej, which to Alexander proved the na 
pl"' ultra of his Eaatem conquests, bu been to you only one more opportunity of achieving another 
engineering victory, which will have to be followed up still by an enterprise which I dare to prophesy­
owing ita origin to the conceptive genius of that eminent Engineer, Mr. Molesworth, who has already 
done so much for India, and depending for ita e:xecution on the devoted labours of the men around 
me-will at no distant date be accomplished : the no leas heroic taak of spanning the mighty Indus 
itaelf. Great and interesting as have been the difficulties which have been overcome by the attention 
and care of Mr. Rayne, Mr. Galwey, \1.r. Heenan, who fell on the field of his work, Mr. Graham, and 
others who have been employed here-if I do not note them all, let them not fancy their names or 
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labou\'8 are forgotten-these things are known to moat of us here present to-day, and have been des­
cribed to our viaitol'II (I mean the difficulties in constructing the foundation of this bridge, and in 
raising the superstructure),  perhaps even still more interesting and certainly no less perplexing was 
the task of training and curbing the river itself, ao as to induce it to abandon its vagaries and wan• 
derings and keep in the way it should go, It may perhaps be premature and hazardous to aBBert 
boldly that we have cured this moat erratic-of-erratic Indian rivers, and have permanently placed it under 
discipline at this apot. Still it ia not to be denied that what has been done promises right well, though 
it will need all the ceaseless vigilance and untiring care of its tutor, Colonel Peile, to guard against 
lhe river's rebelling and relapsing once more into the wildest, most untamed, and moat · frolicsome of 
mountain torrents. Without doubt one of the most remarkable features of the fabric itself has been the 
sinking and founding of the wells. To us engineers here in India, the system of founding the buttresses 
or pierB over which the roadway is to paea is well known ; and it is commonly said that we have learnt the 
practice in thia country, having adapted and adoptsd it from the native engineel'II of India. I am myself 
under the impression that it bas been stated under competent authority that thia system of dropping hollow 
cylindel'II into the heart of treacherous soil owes its birth to an inventive genius of a date long anterior to 
any application of it in this country, and hence that it cannot be said to be of pure Indian origin. Be 
this as it may, however, it must be admitted that whatever was its source, it is in India that we have learnt 
the value of the principle ; that our application of it baa met with marked succe88 so far, and that one 
of the novel and remarkable features of this fabric, I repeat, is the great depth to which in the bed of 
the SuUej, the engineers have had to sink their piel'8. If I remember right, all are down some 100 feet 
below the natural, or what should be the natural, bed of this wandering river ; and I cannot leave this 
part of my theme without mentioning with honour the name of one of ourselves a French Engineer, 
who has been &880oiated with us in this particular work, and to whose skill and inventive genius it is 
due, that we have been able to accomplish the· sinking of the wells with leas difficulty, and with much 
economy of time and money. For though our roving, never-stay-at-home river, a very Bohemian in his 
nature, and a second Ariel in his eccentricities, loves soft lying, still bis bed is in places hard, and was 
intractable to deal with until Mr. Gatmell invented a machine which I commend to the attention of those 
who have not seen it, which is as simple as it is original, and which has removed the bard and gnarled 
lumps that have been met with in the mattrass of the Su.tlej.  

Another feature in �he practical erection of this bridge, and one which furnishes, I suspect, excep­
tional experience, is the rapidity with which the iron superstructure haa been put in place. To have 
lifted on to the piers these girders, weighing tons upon tons, and clenched with thousands of rivets, 
would be in itself a feat of which any man, who had organised the arrangements, might justly be proud. 
]3ut when you view the site on which he had to work, and call to mind that at the very moment of Mr. 
:Bell's supreme agony, when the last of his waterspans was being lifted into place, our Ariel river sud­
denly took it into its eccentric bead, or bosom, or what you will-to do what it had never done before 
in the memory of the oldest inhabitant,-if an old inhabitant ever survives in Adamwahan,-and at that 
very particular time of year came down in flood, and threatened the whole of the staging and appliances 
by which the girders were being adjusted ; when you remember all this, you will, I am sure, agree with 
me in attributing the aaceeBB with which the river was defeated, to the pluck, skill, and energy of Mr. 
Bell and his assistants, and to the men, both European and Nativ(l, who, confiding in their leader, work­
ed with willing hearts and hands to beat the enemy. Intimate as most of you are with them, I will not 
weary you, gentlemen, with any further details of the technical or professional history of that work, the 
completion of which we are. now commemorating. Colonel Peile, the Director of the W astern System, 
and Mr. Rayne, the Engineer-in-Chief of the Line, will more ably comment on these. I hope though 
that not only will Mr. Bell, who bas borne no small share in this great success, but that others also, will 
contribute to profeasional periodicals either in this or in the mother-country the outcome of their obser­
vations and experience, and that Colonel Peile will have leisure to record the results of his views, 
gathered from a fresh insight into the behaviour of the Sutlej under the treatment which it baa under­
gone. Hitherto I have mainly alluded to the merely professional history of the structure ; but there 
are other events connected with it which have a story of their own, and which invite our recognition 
and enlist our sympathy. Severed from society, on the borderB of the desert, and on the banks of 
a turbulent river yellower than Father Tiber, has been created this colony, of which a few of those 
around me have been memberB from the very first. But not a few of those who once formed it are now 
absent, 1111d the peatilential and malaria laden air baa caused many a change in the lives of some, and 
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baa made many a gap in the oirole of the family hearth or of the friendly 1tation meu. Unhappily 
these incident■ are inaeparable from the engineer's life and vocation in India ; but because these in■tan­
oea are not unoommon, it is none the leBB my duty and my right not to pus them by unnotioed or 
scantily recognised. Without betraying a ncret, for this is not kno.wn to me for certain, I may aay 
that I have an impression that the alacrity with which Her MajeBty the Queen and Empresa gave her 
gracious uaent to calling this bridge The Empre11, was in itself a aympathetic acknowledgment of the 
devotion to duty, and of the sacrifice to honeat work, whieh this bridge will ever illustrate. And here, 
gentlemen, in addreasing you and asking you to accept from me the aasurance of the pride and gratification 
I feel in being able to-day to speak face to face with you-an opportunity which the nature of my office 
and the character of my duties aeldom afford to me-permit me to say to our co-workers elsewhere in 
India, whether in the fever-stricken plaiDB of Northern Bengal or in the deadly gorges of the valley of 
the Nerbudda, that there rise to my lips the name11 of many men who share with UB here the same claims 
to Royal sympathy and Imperial consideration aa have now been given, on behalf of all who are labouring 
in the material development and improvement of India ; and if I do not repeat these names here, it is 
not because I do not remember them, but becaUBe, by perchance, omitting one, I might give pain to the 
heart of some faithful toiler. From the immediate object of this feetive gathering, I will now pass on 
to the larger subject of the Indus Valley Railway itself, of which this bridge is a moat important link ; 
and, after a few words on it, will release you from having BO long to listen to my dry matter. I am not 
one of those who regard this great artery as a mere strategic line, and only of real UBe when the exigen­
cies of war shall demand it. I have on a former occasio[!. and more than once when the Government of 
India has been accused of sacrificing or squandering the resourcee of India on lines of railway projected on an 
insecure bD.BiB, and in subordination to ambitious strategic ideas, or in needleu BUbjection to some possible 
military necessity, I have, I say, affirmed my conviction that the■e great works, from whatever source or for 
whatever caUBe they might proceed, would be more certain to secure a la11ting peace, than could ever be aaam­
ed by the agency or the provocation of war. Personally and practically in fact, I hardly know when and 
where I would consider a line of railway in this country to be a mere strategic agent. I believe the idea 
is a myth in itself, a mere creation of the recent schools of modern military pedantry. Give me for or­
dinary use and for the simple purposes of peace and of prosperous times the very best commercial route 
that can be aligned, and let the Genius of war apply it to its own wants when the occasion ariB88. I 
warrant such commercial lines will be found to contain every needful condition of war. It will be aa 
interesting to you as it was satisfactory to me, when looking over some old records connected with the 
early history of this Indus Valley State Railway, to come across some remarks written long previous to 
his connection with this great Province, and thus not specially interested in it as a mere local work, but 
regarding it from a far larger field, to come across, I say, some remarks by Sir Henry Durand, then a 
Member of the Supreme Council. 

In a note of hie of 1869 on the projected Railways of India, Sir Henry writeB :-
" Before touching on these point■, however, I wish to remark, that in India the distinction between 

commercial and political lines, is a distinction to which I cannot give my own adherence. In our Indian 
Railways, it is, to my mind, impoSBible to separate the political from the oommeroial value of these 
great lines of communication, I certainly would not advocate the construction of &1iy line from any 
purely political motives ; and in streno�sly and repeatedly pr88Bing for the early construction and oomple• 
tion of the Indus group of Railways, even when Bir John LaW'l'ence and the rest of the Council were not 
disposed to accept my view, I was influenced quite as much by the commercial as by the political advantages 
of this measure, To bring the Punjab and the whole Indus Frontier into easy connection with the ■ea­
board seemed to me of incalculable importanee commercially, aa well as politically of advantage. I do 
not think we have as yet any data on which to estimate the value of the trade which may accrue from 
facilitating the flow of British goods into Central Asia, and from remedying the defects of the position 
of the Punjab as to traffic ascending from the sea-coast, I therefore concur with the one despatch in 
the prominence given to the early completion of the Indus Frontier group of Railway lines, being con• 
fident that in the interests of peace and of commerce no oth�r line is of equal importance. Of peace, 
because nothing is 10 calculated to insure that bl8118ing, both internally and externally, as the convic­
tion that the British Government is master of the position on the Frontier from north to south ; of 
commerce, because no other line, whilst thus insuring the.general confidence of the country in the peace 
and security of our frontier provinees, has a larger field than Central Asia for the consumption of many 
of our Britiah and Indian products when once that region ia actually tapped." 
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When Bir Henry Durand wrote, the realieation of thia project wu not near, nor had there been 
experience of other line■ under aimilar condition■, which could be taken as guides. Every opinion and 
every word of Sir Henry Durand, written u the outcome of the large stateamanship of the man, and 
with the prophetic sight of the cultured student of the past, we can now endorse and confirm by prac• 
- tical experience and by the results of accomplished facts, The Rajputana Line, for instance, traversing 
through much of its length a uountry with but scant cultivation and a sparse population, has belied, by 
ita results, both in goods and passenger traffic, the forecast made of its returns. The Punjab Northern 
again, though working under a mere makeshift, and far from satisfactory ,y11tem, has surprised all by 
the traffic which it has suddenly developed. And I have every confidence that similar succe88 a'Yaits the 
Indus Valley Railway and its future extension as indicated by Sir Henry Durand, and that the day ia 
not very far away when the astute Rulers of the countries beyond our frontier, throwing to the wind■ 
all suapicions of our intentions, and waking up to the real interests of themselves and of their people, 
will invite us to carry the winged fire chariot into the very hearts of their territoriea. I am hopeful 
that the early net receipts from this line will swell the sum total of our Revenue from Railways, which 
already obliteratea the debt and leaves the balance to the credit of the tax-payer -a fact to wbioh I 
1fould draw the attention of a few, no doubt well diapoaed, but certainly not well informed, publiciats, 
among our native writers, who attribute to the operation of tha Public W orka Department and to its 
extravagance in its Railway scheme■ much of the burden which India has to bear. In aaying this, I 
do not wiah to ignore the truth that improved facilities of tranaport may preas for a time hardly, and 
may possibly bell!' injuriously, on certain clasaea of the community, but I feel assured that this preaaure 
will be but transitory, and that the cause itaelf will create the strength which will lighten the burden, 
if it will not remove it altogether. The succeaa of our Indua Valley Line, will in thia instance be in 
no small degree advanced and secured, if the illustrious Prince, whose ancestors have been the loyal and 
devoted lieges of the Imperial Crown, and who has already given practical pledges of his policy, guided 
by his intelligent and enlightened Counaellera, will realise the fa..:t that this Railway, passing as it does 
through 11ome 200 milea of his territory, may, if wisely uaed, confer on him and on his people the 
boon of a new and extensive prosperity. I am not ignorant of, nor do I shut my eyes to, the difficultiea 
_that in the fl.rat stages may be encountered by Hia Highness, because we in British territory shall have 
_to meet much the eame in encouraging settlement of population and the extension of cultivation in 
thia tract, which, now a so-called desert, can become a fertile garden if onco the flood watera of the 
lnd118 are brollght under control, and wella are multiplied. But I am convinced that a liberal and 
.permanent land tenure will accomplish much to aid man in his efforts to accept and avail himself 
of nature's gorgeoue gifts. In the immediate present we cannot expect this line to be a brilliant 
oommercial succe81. But if other lines, under not dissimilar conditions have agreeably disappointed their 
projectors, why should we not anticipate, in the not distant future, a like result for the. Indus Valley 
Bail way ? Of one thing, however, we may rest assured, and no one will doubt it ; and that is the benefit, 
which this line will confer on the Punjab aa well as on SciD.de. I saw it publicly stated somewhere the 
other day, that the uncertainty which surrounds the political and administrative union of these two 
provinces will injuriously affect the prospects of the line. I believe no su�h thing. Whether we be 
all under the jurisdiction of Bombay or of the Punjab, or of both, it will matter little. " Cmaar's very 
much like Pompey, and Pompey very like Cmsar ; " and if the line is to flourish at all, it will flourish 
independently of the smiles of one or the other, or even if the sunny smiles of the fair daughters of 
Bombay are absorbed by the robuat and progressive Punjab. In what bas been already accomplished 
within the short space of time, for which Britiah rule ia reaponaible in either the Punjab or Scinde, we  
have given no  little promise that we need not doubt the early accompliahment of  the wish that I ask 
you now to share with me, in  pledging a long life to the Empreaa Bridge, and success to the Indus Valley 
Railway. And with this I ask you to couple the health of Mr. Rayne, Mr. Galwey, Mr. Bell, and the 
engineering staff engaged on the bridge. 

Mr. Rayne, in returning thanks in a very able speech, said that the praises of Bir Andrew he dis­
claimed ae far as be himself (Mr. Rayne) went, but for his staff' he accepted them all, and from a man 
�th auch an engineering knowledge aa that posseued by Bir Andrew Clarke, praiae was indeed praise. 
(Cheers.) The work had occupied 3½ years, and the labour on it waa continuous and severe. The theory 
that some philosophers held, that water was inherently malignant to man, seemed in this caae to have 
been borne out, for the river pursued like an evil genius the little colony that had sprung up near it ; and 
when the stream fl.rat felt thoee fetters which man has since firmly bound about it, it revenged itself by 
carrying oft' the larger houae in the settlement, and cut away many acres of ground. Engineen in thi• 
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which might be called the atone chopping ase of the bridge (langhte,), defendd the oolo1ty wJth alt their 
science, and for two yeara the river was coated with large fascinee and weed epun, 1111d ran straight. 
And in August 1875 it rose and flooded the colony, knocked down the etorea, &c., and committed g1'l'8t 
havoc. At this time, diners out went to their hoet'e huta or tenta in flat.bottomed mortar boxee, and he 
(Mr. Rayne) waa amueed one evening to eee in front of him a box with Captain Sparkes and Captain Wither 
aleo going out to dinner in it. Need he add that the box had eucb a liat that ehe was almost uneafe 
(loud laughter and cheera) , When the river went down, it left auch a dreadful malaria that the worka 
had practically to be stopped, Thia flood wu of a most unusual height, but the river in the eueceediog 
7ear rose 18 inchea higher still ; but a bund bad been ereoted which aheltered the colony, but •• 
insufficient to withstand tlie force of the flood, as the river made a break whi.:b was filled by men etand­
iDg in it, and forming a living 1and-bank. Then were the men of large proportions appreciated 
(laughter). Finding itself foiled here, the river went acrou and cut away three-fourtha of a mile of 
ground ; but here, thanka to the foresight of Colonel Peile when Engineer-in-Chief, a supply of resene 
etone had been collected, which was moat useful ; and bad it not been for theee thoughtful precautiom 
of bis, a second bridge would ce�nly have bad to have been built. (Loud cheers). After tbie the epur 
was made, consiating of huge m&llBell of atone, in the providing which Mr. Bar.tar eepecially distinguished 
himeelf (cheers), and this saved the bridge and that aide. It was one of the diflicult worka that Mr. 
Baxter is constantly asked to perform, and about which he generally aays :-" I don't think it can be 
done, but I'll try it " (laughter), and then there is no more need for anxiety ; for somehow or another it; 
will be don�, and done well. (Loud cheere;. The river had now one more chance, namely, when the 
girders were put up, and it availed iteelf of its opportunity in tbie wiee. Last year there wae no flood at; 
the usual flood season, but, when the cold weather set in, floods came on one after another ; but they 
were conquered. The reeult has been success. The bridge was open (hear, hear), but continued ca?8 
and vigilance were still necessary. Mr. Rayne went on to mention thoee who had ao ably aBBieted him, 
more particularly Messrs. Galway and Monk, for their excellent work in the well sinking (cheer■), 
Mr. Graham who began the work (cheers), Mtll!ere. Tait anti Moyle, two young officers who reflected the 
greateli credit on the College engineers, and who in an incredibly abort time became most useful and eftr­
cient officers. (Cheers). Among subordinatee, he mentioned Mr. Mcinerny, of the carriage building de­
partment, who did piling in 40 feet of water with a stream running 6 miles an hour (cheers). Mr. Wind­
mill, the foreman of the workshops, whose branch was properly locomotives, was ubiq uitoua and indefatigable 
(cheer■). Mr. Bewell, who was often in the river bed at mid-day, and Mr. McPherson, who had charge 
of the rivetting, were deserving of special praiae. (Cheers). MeBSrs. DeSilva and O'Shaugneesey were 
also moat able 88Bistants. Mr. Rayne concluded by praieing very highly the conduct of the nativea em­
ployed, and ea.id that they did not know what fear meant. Wherever a European would lead they would 
follow, and follow well, though thoroughly aware of the danger they would encounter. Mr. Rayne agam 
diaclaimed hie share of the praise (criee of no, no), and gave all the honour and praise to those under 
him. 

The President then propoaed the health of the Lord Biehop of Lahore, and his Lordship replied u 
follows :-

Ma. Pai:eIDBNT, YouB HtGJJliESS A.Ir» GBliTLBHllli PRHBNT WITH ue TO-UA.Y.-1 rejoioe in the 
unanimous consent and hearty sympathy with which the proposal waa accepted for commencing the pro­
ceedings of the day with dedication and commendation of the work to Almighty God. The telegram. 
received to-day from our Empreu (it eeemed more like a telephone than a telegram, so vividly did the 
Queen's electric message thrill through our heart.a, and aet ue in the preaenoe of our E01pl'8118 and her 
Court, and express the sympathiee with all good and great works in her Empire of which her heart ie full) 
was a pleasing and refreshing feature of the day's procedure : but what was more, our eaored service <>f 
to-day brought us near (I trust) to Him by whom Kings rule, " the King of Kinge &lld Lord of Lorde," 
who, I believe, ie not indifferent to our gathering of to-day, but will give Hia bleuing and favour, and 
prosper the work of our hands upon ue. 

It occurred to me on my journey by rail thia morning to take up, ae I do sometimes some old Rom­
an Historian, and in th-is way eome thought is often suggested pertinent to the matter in hand. The 
pasaage deacribed the eharacter of Antioehus Epiphanes, or as the historian say■ hie people often called 
him " Epimanes," the mad man, beeanee of the unaccountable fantaetic follies and infatuations be waa 
at timee guilty of. On one occaaian he built a magnificent temple of Jupiter Olympus, of which the 
nften of tb4' reef were of solid ge>ld, and the walls throughout were plated with gold. I could not help 
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contrasting this work with th• vet'f mef'nl 1retk • ,vblch we me4i tbit ��, not •nfr to __,.. 
with the name of our Empl'ee&, but also to dedieste to the Glory of Ged. Such a fabric might indeed 
be called in one aenae a temple of science, bu� by a service of dedication may we not say ,hat it beeomea 
a temple to the living God P For does not our Holy faith set its aeal and put II crown and concentrate 
in i&eelf aa in a focus all eii:oellenciea and virtues, all beautiee and glories, all tha, is tine, good, noble, 
honourable, lovely, b1At alao what is useful advantageous, prafltable ;  for are we not taught : " Gotllinu, 
ia profilabla for all llai1tg1, ha1Jing tla8 promiaB. •f th• UjB #hat now i, and of thot which ii to eo.N.,. Thul 
a place is found for the profitable u well as for that which is true and lovely and of good repol'I;. It 
cannot be indifferent therefore to the many advantages and benefits which may be looked for as likely tG 
arise from the erection of this fabric. 

It bu a real privilege and pleuure to hear called out the long roll of those who in di!'erent capa­
eitiee have contribu� to the auccees of thie work, devoting to i, all the zeal and energy of their heart&, 
,eeouroes of mind, l&bo11r of hands, I believe tbey amply deserve all that has been said in their praise., 
I believe it to have been eminently a faithful and conscientious work, and faithfwneu the wise mall 
represents to be the rarest and scarcest of graoe11-" a fai.tlaful man who can fo,,<l." I have come more 
than once in hopes of holding a service, and found it was not possible through the �treme wearineu 
and pressure of the work in band : and it was only last Sunday week that I had the opportunity I desire 
of being auoeiated the first time, as to-day I have been, with men whose character and work I so much 
respect, and whose names deserve to be banded down to other ages than this aa the constructors of one 
of the nublest fabrics the world has witneesed, and of whose faithfulness I can bear record !tom my own 
ample experience. 

Colonel Peile, R.E., the Director of State Railways, Western System, then rose and aaid �-

Ma. PUBIDBBT, MB. Co:ac.u:xsuoNBB OI' MooL'l'A.1', Youa HIGIUiHS TBlll NA.WAD OI' B.uu.w..u.­
PUB, L.u>IlllS .ili'D Gu11LBJUN, -l am about to propose to you a tout whicb.11 am sure will meet witb 
the approbation of every one here present ; but especially to you gentlemen of the Public W orka, 
whether serving under Government in the department, or on the Railways, do I look to support me 
heartily and lustily. I stand here amongst you the oldest repreeentative of the Public Works Depart­
ment during a career which has now extended nearly to a length of SO year&. I have witnessed many 
changes and the introduction of many novelties-all no doubt produced by an earnest desire for the 
welfare of the department, but of which we perhaps were not always able to perceive the benefit. 
Amongst all these changes none was hailed with so much satisfaction by myself, and none I believe was 
eo favourably welcomed by the department at large, u that which gave us a responsible head to the de­
partment, a Member of Council and a Minister of Public Works for ourselves. Previously to this ap­
pointment it bad been the lot of the department to have its affairs treated somewhat after the fashion 0£ 
a shuttlecock in a game of badminton. At one time, perhaps, the Viceroy himself would have us in baud, 
then we might be picked up by a cavalry officer, and anon a civilian would bit us a drive, and during the' 
proce811 we could not but feel that we were in the hands of men who did not always underatand our l ittle 
waya, and who 110metimee were supposed to look upon us with enmity mingled with oontempt, and to 
regard the department a very oostly, if not an altogether useless, incumbranoe to the State. In the ap­
pointment of Sir Andrew Clarke to the poet of P11blio Works Minister all theee evil days have paNed 
away. We have in him not only a gentleman of the higheet profesaional attainments and a diati11guiahed 
politician, but above all one who baa been trained in the same school, hae been moulded in the IIIIDIJ 
mould, and baa p888ed through thA same mill as oul"l!lelve11. No1' we all know that ws have a friend at 
Court. The man of humblest rank among ue having a complaint to make or grii,vanee to be redressed, 
hae a full anurance that hie case will be studied and dispoeed of in a calm, judicial spirit, tempered with 
great kindneu. Yo11, gentlemen, who have been engaged on this great bridge,-and it ill my good 
fortune to be able to number myself wiih you,-we, I aay, must feel that Hie Excellency the Viceroy 
bu conferred on us a peculiar compliment in having eel� Sir Andrew Clarke, the head of our depart­
ment, to represent him· on this occasion. Mr. President, ladies and gentlemen, I call on you now to join 
with me in drinking long life and prosperity to Bir Andrew Clarke. 

Sir Andrew Olarke in reply said he trusted that no undertaking would be judged until it was com­
pleted ; that he was rejoiced to meet those whose intereets he bad at heart ; and that all should remember 
that in a Government little or nothing is known of individuals, but that the voice of the many speaks. 
lle knew what things be would do if he could, but they were very difficult to do. He knew that there 
DeTer waa, and probably never would be, a feeling of perfect content, but he assured his hearers that 
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deTotednea in the put would undoubtedly bear fruit in a happy and suaceuful future. Thia wu tbe 
flnt occa.aion on which he bad had the opportunity of publicly meeting engineers. (Cheers.) 

The Preeident then proposed the health of the Nawab of Bahawalpur, and said that all who knew 
him and had partaken of his hospitality, and seen the kind and carefnl interest he and Colonel Minchin, 
and afterwards Major Grey, took in the progre1111 of the work, must have formed a high opinion of him, 
and trusted that the bridge would prove advantageou11 to the N awab and his nation, and that in the fnture 
the relations with the Nawab would always be as friendly as they were at the preaent time. (Cheers.) 

Mlljor Grey, who responded for the Nawab, said that His HigbneBS requested him to say how 
aeeply he felt the compliments of Sir Andrew Clarke and Mr. Rayne ; that bis house was always loyal ; 
that he regarded Her Majesty as hie Empress ; and that he would always take a pleasure in assisting all 
l!chemes for the welfare of British subjects and his own people. (Loud cheen.) 

The President then proposed the health (amid loud cheers) of Colonel Graham, the CommiHioner 
of Mooltan, who had endeared himself to all, and whose approaching departure was so univenally 
regretted. (Hear hear.) 

Colonel Graham, in responding, stated that he felt convinced of the strategic importance of the 
Indus Valley line ; that it formed a link between Upper Cndia and its ■ea board ; was a highway from 
the sea to the North-Western Frontier, and was destined to play a great part in history. (Oh.een.) 

Bir Andrew Clarke, in proposing the S. P. and D . .Railway Company, said he hoped the put would 
be forgotten, and that the Indus Valley line would shake hands with, and thank, the S. P. and D. 
Railway for its help ; and that whether it should be left to the S. P. and D. Railway to make the miss­
ing link, or whether Government should find it necessary to perform the work itself, there would alwaya 
be good feeling and co-operation between the two lines. 

Mr. Ross returned thanks, and congratulated the Government on their success at the Sutlej, and 
wished them the same succeu at Sukkur. He looked to a large grain traffic on the line. 

This closed the proceedings, and at about 4-80 the apecial train started back for Mooltan, where it 
waa timed to arrive at 6-20. A large dinner was given at Captain Sparkes' house, at which about 60 sat 
down, including Sir Andrew Clarke and other ofli.cials who had been present during the day. The apecial 
left Mooltan about 11 o'clock and was timed to reach Lahore at 2 o'clock on Sunday morning. 

All thoae concerned are to be congratulated on the arrangements made, and 10 well carried out. 
The heat was, as may be imagined, somewhat overpowering ; the thermometer standing at 116° in the 
centre of the carriage, and when at the window at 184°, There were in addition to the dejeunm- a dinner to 
the subordinates, two feasts for the natives, and 800 maunde of sweetmeats distributed among the native 
workmen, of whom there were some 5,000 or 6,000 employed. 

Mr. Bell, the engineer in charge of the bridge, and to whom so much praise ia due for his 11ucceuful 
efforts at pushing on the work, is, I understand, taking a rest that he has so justly earned, and ia pro­
ceeding home on leave. 

The bridge is now open for traffic, and one more triumph of engineering 11kill, one more instance of 
the all-conquering power, of indomitable perseverance, when backed by genius ; o!le more monllDlent to 
hand to fnture ages as demonstrating the condition of science alld mechanical aptitude of this nineteenth 
century ; one more link in the chain of civilization and improvement, which we forge about all our terri­
tories, is finished ; the result of months of thought and yean of labour is completed, and given to the 
public-and the Empress Bridge is open. May it be a success ; may its military uses never be brought 
into play, but rather let us hope that it will se"e to connect together the different branchea of our em­
pire, to be a means of diffusing Christianity and civilization, of extending commerce, and facilitating the 
journey home to the old country, so dear to all Indiana. 

A P P E N D I X  B. 

Note on tla Ind'" Flood., toith ref(J'l'Mee to t'faa Inclu, Vallq State RailUNlf, By Major J. G. F<JriJM, R.B., 
Supm,,tending Engine(J'I' on ,pecial duty. 

The absence of sufficient reliable data makea it a peculiarly difficult matter to off'er any opinion on 
the beet method of dealing with the floods of the Indua. The facts, however, mentioned in the Flood 
Beporta of 1875 and 1876, together with those noted during the tlood of 1878, show that on the left 
bank of the river, between the confluence of the Chenab and the narrow pasa at Bhakkar, there are 
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four main ol' primary apilla which crou the Railway near Nauahahra, Mirpur, Ghotki and Sangi. On 
a map ,bowing the original aurveya made for the Railway, 15 or 18 years a�o, these four spills are dia­
tinctly marked ; thus deuo\ing they are. not casual, or secondary, 1pilla like those mentioned in next 
paragraph ; but that theil' positions may be looked upon aa comparatir,tJly fixed, and not _ liable to any 
very sudden alteration. 

2. Besides these four main spills, the Indus, like other rivers, floods over ite banks, sometimes in 
one spot and sometimes in another, according to the aet of the stream, and attacks the Railway at uncer­
tain places between Kot Samaha and Rohri, along the whole of which distance (120 miles) the line ii 
carried through the flooded tract. 

8, Taking up the Index Map of the Indus Valley State Railway, we can eee t,hat from Mithankot 
to about 20 miles above Kusmore the country through which the Indne flows must have a steady fall 
from the hills to the Bahawalpur desert, aR this ie 'clearly evidenced by the trend of the hill streams, 
which fl.ow perpendicularly towards the river on the right bank ; and by the absence of inundation canals 
on that bank between Mithankot and Kuamore. That thia slope ia continued on the left bank is also 
shown by the eourt1e of the Bahawalpur canals, which, following the natural slope of the country, run 
roughly perpendicular to the stream of the river. When the Indus arrives at a abort distance above 
Kuamore, it can be aeeu that the slope in the country at once changes. Instead of running down direct 
at right angle■ from one aide only of the river, it spreads out diagonally on both aides like a fan, which 
ia slightly squeezed on the right, but more opened out on the left. Thia then would lead ua to expect 
that while the flood between Mithankot and Kuamore would come more directly on to the Railway, the 
number of primary spills would probably be leas than from Kuamore downwards. Thie conclusion ia 
borne out by the fact that in the upper portion there ia only one main spill, viz., at Nauahahra ; whereas 
in the lower portion of the river to Sukkur, which ia about the same length as the upper, there are five, 
tn.r., two on the right bank at Kusmore imd Begari, and three on the left, at Mirpur, Ghotki and Sangi. 

4. The construction of any long line of embankment will at once alter existing conditions. The 
practical effect of long embankments i11 to raise the high water mark, and to 11lightly increase the caving 
of banks ;• thus ind11cing larger floods, not only at the primary and secondary points, but also the form11-
tion of spills at places not previously attacked. 

5. An embankment has within the last few years been made for a length of 41 miles along the 
left bank of the Chenab, from the junction of the Butlej to the confluence of the former river with the 
Indus. Thia embankment effectually protects the ground behind it ; and also probably conduced last 
year to prevent the floods, aa formerly, attacking the Railway above Kot . Samaha. It ia proposed to 
extend the embankment still further down the lndUB; but if this ia done, -the increased volume, which 
ia now expended in spill, will undoubtedly cause the river, which already baa a great tendency to do so, 
from being above the natural level of the ground, to bu::-at through its banks lower down in a greater 
number of apota, and with much more force than it now doea. Aa it ia utterly impracticable to construct 
continuous lines of embankments along tbe whole length of the Indus from Mithankot to the sea, it is 
evident that any extension of the Bahawalpur embankment will only aave a small portion of country 
at the expense of a much larger area lower down ; and that the mc;re the embankment ia extended, in 
a constantly increasing ratio will the country below be swamped, especially where the change of alope 
occurs near Kuamore. There can, therefore, I think, be no doubt that the Bahawalpur embankment 
ahould not be extended. 

6. The accompanying table shows the height of flood levels, in 1878, along the Railway, from 
mile 150 to mile 220 ,-

NtJartJ1t 8tatio11. Mik. R. L. of .ftootl, Fall pw mila. 
Kot Samaba . . 160 278·60 
Nall8hahra 160 278·00 

•Uf 
. .  •• 

170 267·60 •H Average fall -61 per mile. 
Sadibbad •• .. 180 260·90 

·69 

184, 268-40 ·62 
- ......... ............ A.BllAJ>WAB CilAL. 

• See page 17 of Report dated 18th January, 1875, of Oommladon of Bnglneeni appointed to lnffltl.gat.e and nport on a plan for the nola­
JIIAl;lon of tbe baain of the Hlulaslppl river, 1ubject to lnncd.atlon. Tbla Oommlalon wae compooed of Major-General Warren, U. 8. B., Pre■l­

dent, Briglldlar-General Abbot, U. 8. B., Major Benyaurd, U. 8, B., and Meeara. SlotelB and Hebert, Member&. The Report wae anbmitted illrw&II 
Dr1pdlc.Qeneral llmnphnJa, U, a. B., wlao •� tlla the vim or the CollUDIJIIQJi met with hi.I tuU oonc11rnDoe. 
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·N,arul Station. Mile. 

Walbar . . . . • •  190 
Reti . .  200 

207 
Khairpur • •  • •  210 
Mirpur . .  • •  220 

( .x: ) 

R. L. of flood, 
255·80 
253·00 
247·00 
2U·60 
2, I ·60 } Level. 

238-00 

Fall per mil,. 

·38 } 
Probal;ly affected by back-water 

·60 from lower spill • 
·11 

·86 

7. - Between Kot Samaba and Khairpur the line was breached in numerous places, especially be­

tween miles 154 and 178 ; but the greatest strain was from mile 165 to mile 166. A reference to the 
Flood Reports uf 1876 will show that it was at these places also where the heavy burst of the upper or 
Naushahra flood was experienced. It will be noticed also, in the above table, that where the Ahmadw&b 
Canal crosses the Railway, there is a sudden drop of three feet in the flood level, the water on the north 
side of the canal bank being 258·40, and that on the south 255•30. For the six miles below the canal the 
surface slope of the flood is only ·38 per mile, being probably affected by the back-water of the secondary 
spill near Reti, against an average of ·61, for the 34' miles immediately above it ; but in the next IO miles 
it again resumes this normal slope. The sudden drop (which was alt10 noticed in the flood of 1876, oi"6 
para. 10 of Executive Engineer, Reti Division's letter No. 1277, dated 8th September, 1876) and the 
alteration in, and eventual resumption of, the regular flood ·slope, shows that the canal kept the upper 
floods entirely distinct from those lower down. It would therefore apparently be advisable to take ad­
vantage of the circumstance, and still further strengthen the bank of the canal, if tberti is any fear of ita 
being breached, sci as completely to isolate the Naushahra from the lower floods ; especially now that the 
thorough reconstruction of the Kusmore buud will throw more water on these spills. If free exit ia 
given through the Railway to the upper floods, they will pass off' by the old river-bed, which runs parallel 
to the line at a lower level, and be absorbed in the desert, I concur therefore in the recommendation 
that this portion of the line should be raised and the waterways increased ; but the amount recommend­
ed, wz., 85 lineal feet per mile, is, I think, inadequate. 

8. I have not sufficient data to show the actual amount diacharged through the Railway Jut year, 
or the poB11ible quantity of flood that might have to be prC1vided for ; but on the East Indian Railway, 
where it crosses the Sona flooda, which have a discharge of 165,000 cubic feet per second on the left 
bank of the river, 296 lineal feet (2871 euperfieial feet) of waterway per mile bas been clearly proved to 
be insufficient. On the right bank, however, where the floods amount to 65,000 cubic ft>et per second, 
a waterway of 153 lineal feet (949 s11per6cial feet) has been found effectually to di1charge the spill. In 
the former case the average depth of water is 9·70 feet, and approaches with a velocity, d!le to a fall in the 
country, of two feet a mile ; in the latter, the depth is 6·20 feet, and the slope about one foot per mile. 

There is nearly 88 much uncertainty on the Sone as on the Indus, where the floods will first attack 
the Railway. The points of attack of the primary or main spills, which are almost invariably marked 
out by local depressions, are kuown ; but floods do not always come down these main spills in force, the 
secondary spills, which generally in floods of any duration find their way into the depreseiomi of the main 
spills, are often at first of as great violence as the main floods, and rush on the Railway at totally unex­
pected places. As long as the bank is not overtopped, and a sufficient aggregate amount of wa�rway ie 
given in the flooded tract, the effect is that the water ia ponded up for a greater length of time in local 
■pots, and that greater work bas to be performed by the flood openinga lower down ; all of which of course 
must be protected to withstand the extra scour that may be thus induced. In the Sone floods of 1876, on 
the East Indian Railway, there were three bridges on the left bank of the river, and two on the right, 
absolutely dry. In the former high floods of 1864 and 1807, these bridges had discharged very consider­
able 'amounts of water, but, on the other band, waterways which bad done no work in the former years 
were in 1876 running with a velocity of 14 feet and upwards. 

9. The conditions of the right spills of the Bone approximate to the upper Indus floods; where, how­
ever, apparently the depth and slope are somewhat leas, i. e., the direct transverse slope from the river to 
the Railway is only about ·75 per mile. Allowing fOI' differences, it would.not be 11afe to accept less than 
120 lineal feet average waterway per mile 88 a minimum on the Indus Valley Railway between Kot 
Samaha and Reti. 

10. It is true that in addition to the 85 lineal feet per mile of waterway recommended, it is pro­
posed that Jong paved causeways for the escape of heavy floo·ds should be put in, thus evidently showing 
that more waterway is considered necessary. But this proposal is saddled with the proviso that it is 
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only to be done if the cauaewaya " can be constructed at reasonable coat, and that aitea ·can be found 
where they would act with efficiency." With all due deference, I submit that the co11Btrli.otion of tbeaa 
cauaewaya will be intarpreted as an open admi.uion of the failure of the line aa originally projected. The 
Indus Valley Rail way was taken along ita present alignment with the full knowledge that the llooda 
would have to be combated, and I presume that no alteration haa been made in the original intention of 
ita being a permanent anii not a simple fair-weather line. Putting aside the obvious di1111dvantagea, botq 
public and private, which will be entailed by the detention of trains, and totally ignoriµg the oommank 
which will be occ1Hioned thereby, it appears to me that once we admit cauaew11ya1 we a,clmit weakD.8111 
and invite disaster. 

1 1, The question of expense wu, I take for granted, fully conaidered by Government when it waa 
determined to lead a railway througli the llooded tract, wuich ao palpably might easily have been avoided. 
After an expenditure of six millions, the difference ia comparatively ao trilling betwee11 p11tting in per• 
manent and temporary openings, that I have no hesitation in recommending the former, especially aa I 
believe they will be found cheaper in the end. 

12. There remains the doubt about the aite of tkeae openings. In the concll18iona of the Oom­
mittee held at Sukkur on the 23rd November, 1878, the places where the flood attacks the Railway be­
tween Khairpur and .Rohri have been accepted as fixed, judging by the fact that nothing more is appa­
rently required than the filling in of holes below bridgds, If the sit.ea in this part of tbe line, which is 
more difficult to deal with than t.he upper, can tlius be definitely accepted ; in t)l& upper portion surely 
there cannot be such an absolute uncertainty as to precludE' permanent .openings being bu.ilt, especially 
at'ter the ez:perience gaindd in, at least, tliree great floods. The exidtence of " depressions," " great de­
pressions," " low ground," &c., is continually spoken of in the reports of different officers aa places where 
the floods came d<>wn ; in some cases the banks were breached, and in others the water was tlll'ned oJf 
laterally until it found vent in bridges or culverts lower down ; the velocity through which was enormous, 
18 or nearly 19 feet per second having been measured in one case. One certainly or these great depres­
sioll8 (the Madd Dliora, in the Ghotki Dividi,m) was entirely embanked acrost1, and the spill which came 
down it completely abut off at the request of the Civil Officers. In 1876 the bank waa breached, and 
200 lineal feet of waterway put in, but other marked depressions may exist which still are embanked or 
inadequately provided with vantage. These facts would point to the conclusion that permanent sitea 
can be obtainad at once by extending the present tlood waterwsys, and opening new ones, if necesaary, 
at the " Dhunds, " " Dhorlia, " and other well known localities where llooda eona�tly. come down or 
accumulate. 

13. On the grounds above atated, I am of opinion that in lieu of 85 lineal feet waterway 1>9t mile, 
plus temporary flood gaps, it will be better at once to put in permanent waterways, aggregating at least 
120 lineal ft>et per mile, not scattered about in small and danger provoking vents, but concentrated lijl 

much as pouible in effectually large flood passages. 
14. With reference to the lower part of the line, the effect of a practically continuous bund from 

Kusmore to Sukku_r must be, to raise _the flood level, induce fresh sets, and increase the spill .on the left 
bank. This of course could be counteracted by a parallel embankment ; but the danger attendant to 
Bukkur and the villages below, as well as to the· Raiiway between Sukkur and Larltana, would put this 
projact out of the question. As it ia, the K uamore bund may appreciably increase the aftlux already 
existing in high floods llt the narrow pass at Sukkur. Thia amount of increase is easily capable of cal­
culation, but the data to determine it have not, aa far as I am aware, been collected yet. In a similar 
caae on the Ganges near .Rampur Bauleah, which was moat carefully worked out two yi,ars ago (by Mr. 
A. J. Hughes, E1.1,c11tive Engineer, Irrigation Branch, Bengal) on exten11ive awl very accurate 1uffey1 
aµd level,, it wae fo11nd, I think (I have not my notes to refer to) that the effect of an embankment 80 
or 90 mile1 in length along on.e side of the river to shut out a spill of upwlll'ds of 200,000 cubic feet 
per lleoond would probably be to raise the beiglit of the flood two feet at the lower end of the embmk­
ment. Taking this as an approximate guide, and allowing roughly for the difference in tbe slope■, and· 
number of curvatures, also far the les11er spill and length of embankment, it certainly would not be safe 
to accept 1888 than one foot aa the increaaed height of a maximum flood wave below Ghotki, a,nd an in-: 

crease of some jnches in the afilux at the paaa. To mitigate the effect of this pouible increase then, 
the spill must be paBBed off through the Railway as quickly aa possible ; and if this is done effectually, I 
1ee no reason why the afll.ux at Sukkur should not remain unaltered. 

15, Referring back w the ta!>le showu in para. 6, it will be seen that from mile 190 to mile 200 
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the flood mrface is still •60 per mile, or the same aa in the 84i miles above the Ahmadwah, but in the 
nest aeven miles it ia suddenly increased to ·77 ; it then remains perfectly level for three miles to Khair­
pnr, and in the next 10 miles to Mirpur the slope is only ·36 per mile. The section does not extend 
below this point. 

The cause of the surface le'fel being horizontal hae been ascribed to the large amount of cultivation 
near Kbairpur, but this can scarcely account for it ; nor does it afford a key to the reason why the slope 
should be suddenly increased frQm Reti to near Khairpur, and again very materially reduced below. An 
easier explanation will poaaibly be found if we remember that just above Reti the junction takes place 
between the perpendicular and diagonal slopes from the river ; near Khairpur the Railway begins to 
curve round, and for the three miles where the flood surface is level, is probably nearly parallel to the 
edge of the fan which spreads out from its apex above Kuamore ; from Khairpur to Mirpur the line 
probably does not follow the circumference, but ia slightly inclined upwards to it, hence the alteration 
in the flood levels. 

16. Thia, combined with the fact that at Reti the distinctive flood tract ia entered on boats (used 
to ply from Reti to Sukkur over the inundated ground), and that it is here that the large and well 
defined " Dh11nd1 " commence to be more marked, would signify that any alteration in the regimen of 
the river near Kusmore (especially noting the bend due south of Kusmore from which a primary spill 
OCCllrB) will �e pecwiarly left below Reti and near Mirpur. 

17. At present the average amount of waterway allowed between Reti and Sukkur i1 190 lineal 
feet per mile. In the section between Reti and Sarhad, from mile 200 to mile 230, I would strongly 
advocate a further extension so as to bring up the amount to at u,Q8t 250 lineal feet per mile, as much 
as possible in large flood openings, notably in the vicinity of Mirpnr. Between Barhad and Rohri, or 
from mile 280 to mile 270, we know there are at present two main spills, besides many secondary ones, 
the numbers and effect of which will in time be increaaed by the action of the Kusmore bund. Taking 
this into account, as well as the present inefficiency of the vantage given, it is evident that the waterways 
in this section must also be materially increased. Probably they will have to be brought up to a mini­
t11um of 800 lineal feet per miie-an amount which is not sufficient to pass off the left Bone floods 
(para. 8) without a considerable heading up. Besides the large opening which will be required for the 
Ghotki spill (unless there ia any fear of the river breaking across the line there), a very large increase 
will have to be made at Sangi ; judging from the fact that the waterway already existing there was evi­
dently greatly too small for the flood of laet year, as below every one of the five large bridgee near the 
station, enormous holes extending to 40 and 50 feet in depth were formed. 

18. It will be s!)en that the total amo11nt of waterway that probably is required, at present in the 
120 miles of flooded country through which the Indus Valley Railway ia taken on the left bank. of the 
river, ia 25,500 lineal feet, or very nearly 5 miles, "u. :-

From Kot Samaha t.o Reti, 50 qiilos, @ 120 feet per milo, 
" Beti to Sarhad, 80 ,, ., 250 " " 
11 Sarhad to Rohri. � ., n 800 n " 

Total, • • 120 

. . 

. .  

Feet. 
. . . . 6,000 

7,500 
. . 12,000 

21.i,600 
or about 4i per cent. of vantage on the length of line between Kot Samaha and Rohri-an amount 
which cannot be considered excessive under existing conditions. Whether this amount will eventually 
be considered sufficien� time alone will show. The allowance proposed is admittedly empirical, but ill 
ia founded on the East Indian Railway experience of 20 years, during which period three maximum 
floods have occured in the Bone, attacking the line in a length of 26 miles. Whatever ia done now on 
the Indus Valley Railway must to a certain extent be tentative. The total amount of waterway .now 
provided between Kot Samaha and Bukkur ia about 16,000 lineal feet, which was recommended by the 
Bukkur Oonference to be increased to 17,700 lineal feet, supplemented by flood cauaeways between Kot 
Samaha and Khairpur. 

19. Coming now to the question of the Kasimpur bund, I would certainly deprecate ita extension 
to Pano Akil, unleBB there is any immediate fear of the Indus, as I aee noted in one of the reports, dese� 
ing ita course for the Narra. Taking into consideration the extra rise which may be expected in the 
floods, and the danger of permitting this rise to affect the river at Sukkur, it wowd be inexpedient to 
prolong the bund, and thus tend to aggravate, although, perhaps, only to a alight extent, the afflux already 
uiatiDg. The beet method of meeting the difficwty would be, u already anggeated, by opening ou, 
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amliciently large waterways higher up in the Railway, in order to pea off the extra ■pill that may be 
induced by the Kuamore bund, in addition to the extraordinary floods whiob uow come down the river; 
If the llooringa of the flood opening■ in the Railway are kept up to a proper level and efficiently pro­
tected, I see no reason to apprehend their being turned into duct.a for a permanent c�e of the river, 
Theae openings will only come into play when the river rise■ to a certain height, and will ceaae to act 
when the flood falls below the river banks ; and aa long aa the floorings and their protection exist, there 
can be no fear of the channel scouring back to the main stream, especially if the slope from the river 
to the level of tbe flooring is madt1 leas than that of the longitudinal flood surface down the river. 

20. On the right bank of the lnd118, the chief point of danger appears to be in the 10 milea ol 
line, from mile 400 to mile 410 between Bhan and Sehwan, where the Kusmore and Begari spills, added 
t.o by the Jalli spill below Sukklll', unite with the Cutchee Hill tract torrents, and after filling and over­
flowing the Manchur Lake bunt acroas the Railway in enormoUB force. Outepilla from the Kuamore 
and Begari ftooda, also combining with the Jalli •pill, encroach on the Railway below Ruk. 

The Kuamore bund will now keep out the two iormer ftoods, and an extension of the Jalli bund 
would apparantly keep out the latter ; but on this point I cannot venture to offer an opinion, as I did 
not have an opportunity of meeting the Superintending Engineer for Irrigation in Scinde, in whose 
aharge are the embankments ; and in the absence of local knowledge and information, it ia impoesiblll to 
eay whether it would be advisable to extend the bund. If it waa done, however, there would remain only 
the ftooda due to the hill streams and the overflow of the Manchur Lake to be provided for. Anyhow 
between Bhan and Behwau it would be expedient to allow the full amaunt of waterway indicated u 
neceuary by the dood of last year, and t<J raise the line at and below Ruk. 

L.A.BNtll: 1 
20th Felwuary, 1879. J 

A P P E N D I X  C. 
E:1tract from ..4.,mual RtJPorl 1877-78 gimng ,oma account of tie mtJthod of erecting tie ironu,orl: of 

tie Empre,1' Bridqe. 
" Six aete of timber staging have been put together for the erection oi the girders, and have been ao 

" far used, that, at the end of the year under review, only 2 spans awaited the erection of stagings. Each 
" atage consists of 20 four-post treaalea, 10 feet square and 18 feet high. In moving the stages each 
" tressle complete ia skidded along a line of rails f'roni its old to ita new site ; 10 such treBBlea, with nine 
" apana of 17 feet intervening, form one aide that is one-half o( a stage. The beams of the spans, when 
" in place, are braced to the treaales, the outer lines of beams and posts coming vertically under the 
" wheels of the travelling crane. The inner lines of beams and posts are directly under the girders to be 
" erected, and the spacing adopted brings each inner post vertically under the camber blocks on which the 
" girders are built. A stage contains about 8,000 cubic feet of timber, and can be dismantled, removed, 
" and re-erected in seven working days. • • • • • • 

" In  all but the three water spans, the stages rest on a aubatructure of sand, filled to a depth in two 
" instances of over 241 feet. The very considerable embankment thus formed, contains close on 20 lair.ha 
" ol earthwork, and carries not only the stages, but a service tramway on either aide oi them. 

" At the end oi the floods of 1877, the river bad one branch running parallel with the line of the 
• pier pointa above bridge, and crossing obliquely between piere C and G, while the other branch croBBed 
" the piers directly at N, 0, and P. To provide ground for the stages, the first named branch was entirely 
"eloeed, • • • . • • • • • • 
" this work demanded much patient air.ill and careful watching when threatened, as it so often was, by 
"une:a:pected freshets in November, December and January • 

• • • • • • • • • 

" Sorting of the girder ironwork ia eff'ected on sloping platforms having a descent from the line on 
" which broad gauge wagons arrive, down to the line along which low trolliee take ont the piecee ; each 
" span of girder is unloaded on its own platform, and each clllBII of piece oi girder, on its own section ot 
" platform or ' sk{d.' Eac!i class of piece ia thus made aceeeaible to the trolliea, and a aiogle shunting 
11 operation with these, brings any individual piece into the order in 'which it ia required to aaeend $he 
ffataging. 

" On the aorting platform all packings and temporary rivets are cut out, and each main piece has all 
"hit small loose &ecelBOriea bolted on, iD order to redace the number of hoiaang operatiom to a 

B 
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41 minimum. These operations have mo1'8 than kept pace with the arrivals, and foreign wagon, arriving 
" in  the day, are invariably returned next morning. 

" In erecting, the trollies are run np to the top of the stages by a temporary ramped siding, con­
., nected with a line along the stage between the camber blocks and the travelling cranes. 

" The four Wellington cranes are those purchased from the Punjab Northern State Railway, 36 feet 
" span and 86 feet high. The longitudinal, traversing, and hoisting motions of the cranes are all effected 
" by band gear ; and the latest results, with one crane, are, that a span ia erected, and ready for rivetting' 
11 in from St to l0i working days. Thia includes hoisting 400 tons of permanent ironwork, 100 tons of 
" light rails for scaffolding, and aome 160 tons of sleepers and other timbers in the rivetter'• platforms, 

" The rivetting is now fairly well done, but much trouble was experienced in training t.he men to 
'" knock down ' inch rivets. Bombay, Bengal, the North-Weet, Scinde and the Punjab, all contribute 
" to  the preeent working staft'. The former two classes are too feeble for this heavy work. 

" The Scindees proved inferior and intractable workmen, and some or the Punjabees display an un-
11 satisfactory knowledge of the art of caulking a slack rivet to make it appear tight. But they, and the 
" men from the North-West Provinces, are the beat hands we have on the work. Bad ' holding up ' ia 
" the worst failing of all, and great credit is due to the officers • • • • 
" for patiently training their men, and for many ingenious adaptations of tools to suit particular 
" circumstances. 

" The delivery of ironwork has not quite kept pace with the erection, and for the 8 spans not begun 
11 on lat April, parts of two sets of ironwork were incomplete on the ground, and one (from Karachi) 
" has not begun to arrive ; indeed, baa not yet left Kotri. In 10 months the 8einde, Punjab and 
" Delhi Flotilla baa delivered 2 spans at Hamdi and 4 at Gobla, but, had all gone to Hamdi, even thi.e 
" small result would have been stil l lees. Of 9 i,pana aent by Bombay and Calcutta, all but portions of 
11 two are on the ground, and the rest will be here in a few days. 

• • • • • • • • • • 
" The principal works supplementary to the bridge proper are the temporary pile bridge, and the 

" protective works. 
" The temporary bridge of last year, after being breached and repaired in February, lasted till the 

" beginning of July, and waa of immense use to these works, and to the line at large. 
" In October of the present year, a new temporary bridge was begnn and completed in a few weeka, 

" but unfortunately was scoured out before there was time to protect its bed. 
" The conditions of pile bridges in this river are-(a), That piles can only be driven 12 or lli feet 

" in the sand at all ; (b ), That whe� the bed is not protected with stone or brick, it will scour the 
" whole depth or a pile in a few hours during a freshet ; and (c), That if the bed be protected beforehand, 
" the piles cannot be driven in it at all. 

" It follows that if a fresh comes dnring the construction of the pile bridge, or so soon after 1111 
" leaves the protection of the floor incomplete, the work ia bound to fail. In this way the bridge of thi.e 
" year failed three several times, and had ultimately to be abandoned in favour of a new site, which only 
" became feasible for a bridge owing to the protective bund having advanced more than half a mile into 
" the water since the first site was chosen. 

" The present temporary bridge was opened on the 14th March 1878, by the passage of His Honour 
" the Lieut.-Governor of the Punjab's Special Train over it. As an instance of quick work, it may be 
" atated that one week. before 'thia train crossed, 16 spans of 20 feet had first been washed out by a fresh, 
" and were re-constructed in 5t days, and the remaining 21 spans completed. • • • 

" The protective works of the left bank have made excellent progreBB. The new part of the main 
" bond is now some 4 or 5 feet above water, and will be complete in 8 months. Although the strength 
" and aolidity of this bund are such that it may fairly be expected to resist all attacks of the river, still, 
, , the height of the great sand bank which overlies the up-stream fllce of the bridge is so considerable, 
11 that it can only be overtopped by an excessive flood, and then only to a amall extent. Thia means 
11 great constriction of the deep stream up against the bund, and in 2 or 3 spans of the bridge, at the south 
" end, during flood1, To avoid or alleviate this, two canals each of 150 feet in width, have been cut 
" through the sand bank and down to low-water level. Theaet even if neither of them succeeds in divert­
" ing the channel, will certainly afford an escape for a considerable portion of the flooda when they come. 

" The workahopa have received a great access of work. during the dnancial year from the very CODli-
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" derable number of locomotive engines brought upon the line. It ii usel81!18 to recapitulate in detail the 
• work of the year, but it would be wrong not to call attention to the unostentatioUll solid work done 
" in this branch. • • • • • • • • 

" In temporary bridgea, stages, erecting girders, and especially in rivetting, an almost fabulous quan• 
11 tity of bolts, tools, and ironwork of all kinds, ia alwaya being urgently wanted, and by different 
" aub-diviaions at the same time. To this must be added the requirllmente of locomotive and wagon 
" work and a mass of undertakings for other divisions. • • • • • 
" Both these departments have weil maintained their efficiency, and now control some 22 locomotives, 
" and over 400 vehicles, exclusive of trollies." 

A P P E N D I X  · D. 
Copy of kttsr No. 5118, rlaterl 20th .4.pril 1878, from thd Engineer-in-Ola�!, INlu, Yalley Stats 

Railway, to thd Director of Stats Railway,, Western Syltem, 

I have the honour to report the occurence of a very unuaual, indeed as far as our record& inform 
us, an unprecedented flood in the S11tlej, on the 17th and 18th ioatant. 

2. The river began to rise during the night between the 16th and 17th, and reached ite high88t 
during the forenoon of the 18th. At 4 o'clock on that day, the water began slowly to recedt1 from its 
maximum of 874·85, but next day (y88terday) at 2 P.H. it had only gone down to 378·20, The earliest 
date on which auch a flood has before happened ia 25th June 1871 .  

8. The cauae of  this flood ia  of  course not snow water. Heavy rain in the l'alley of the Sutlej in 
the mountains accounte for it. Of thia, however, we had no warninp: till the conseque11cee became ap­
parent at Phillour and Beas, when the telegraph informed us on the evening of the 18th, that about a 
41 feet flood might be expected in due course, 

4. Every preparation was at once made. Trains carrying protective material worked day and 
night from Mubarakpur and Hamdi. All the ironwork of the Butlej girder span, which owing to the 
long delay in getting the Jut apan up the river from Kotri, had to be taken acrou from the north to the 
south bank, was passed over the temporary bridge, one train alone remaining, which when about to crosa 
had to be stopped, the bridge showing signs of yielding. 

6. That a flood of nearly 6 fet't, instead of the one of 4 feet expected, had to be encountered, is 
probably due to rain-fall below Phillour and Beas, but the addition was likely to have been fatal to our 
temporary worka, which could not I had thought stand anything over a 4 feet 6 inchea flood. 

6. Thanks however to the original stability of these atructures, and the completen888 of the 
meaaurea taken to strengthen and protect them, no damage whatever has been auff'ered beyond that 
already alluded to, by the temporary bridge, four or five of the pile piera of which having been under­
acoured have ao much settled and gone out of line as to require renewal, a work of a few days only. 

7. The piled stage for the erection of the span PQ, through which the bulk of the river passes, 
stood perfectly notwithstanding the enormous rush of water through it, the initial velocity of which, 
about 6 miles an hour, being increased by an a1Bux of about 2 feet caused by the obstruction offered by 
the piles and their bracing&, 

8. Constant soundinga were taken as well &11 the terrible force of the water permitted, and pro­
tective material thrown in as scour m�nifested itself about any particular pile, an average depth of 40 
feet of water throughout the bay being maintained, though with great difficulty. This left from 16 to 
26 feet of the piles atill in the ground and what with this, and the completeness of the bracing, the result 
was that while standing on the atage during the height of the flood, when the corbel pieces resting on 
the cap sills of the pile-heads, were immersed and the beams above them awash-hardly a tremor could 
be felt. 

9. No settlement took place, but the force of the water pressing with such leverage against the 
piles, and the immeraed portion of the superatructure cauaed the ataging to deviate about 21 inches from 
the true line down-atream, without however in any way affecting ite strength. 

10. Thia slight deviation it will be remembered ia that reaulting at the top of the staging which 
reeta on the heads of the pilea, and ia conaequently some 25 feet above the water and between 80 and 90 

. feet above the pile shoes. 
11. When you were at Mooltan a few days ago, and the 111bject of riak to the girden remaining 
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to be ereoied over the two water spans was under discuuion, I informed you what was the int.ended 
programme of operations in the e,ent of a flood, and that programme waa followed. 

12. The bottom booms of the span PQ were in the act of being hauled into place, when the tele­
graph informed Mr. Bell of the coming flood, and the work was at once stopped, every effort being 
directed to making the position safe. 

13. The span NO bad fortunately just been rivetted up, and the wedges struck ; conaequently 
the flood could not haTe wme at a more fortunate time, since none of the ironwork was for a moment 
in any danger. 

14.. The stage PQ was 11tiffened with chains and protected with cubes and stone aa already des­
cribed. The temporary bridge waa chained together for its whole length and anchored securely, so that 
if swept away, it should not be carried down to the staging of the spans PQ and OP, every part being 
lashed to the longitudinal chains. 

15.  When the river rose beyond the calculated 4 feet, the bunds were cut, by which the stream bad 
been forced to leave its course along the axis of the bridge, and it immediately began to follow its old 
bend, thus relieving the piled water spans, though not the temporary bri dge. By the afternoon of the 
17th t.be flood had increased so much that it became necessary to open the cut recently made acroas the 
aand spit. This drew off a stream of 150 feet in width by 5 feet in depth, relieving both the temporary 
bridge and the piled spans, and it waa hoped would have sufficed, a very early abatement of the flood 
being expected. But next morning so far from there being any 11ucb abatement the river was still COD• 
wiuing to rise, and the BeCOnd out alongside the Adamwahan ■bore wu also opened, with the effect 
of drawing off another volume of water aimilar to that in the firat cut. 

16. The effect of these measures was appat"ent in an evident reduction in the force of the current 
through the piled spans, and no further change took place till the water began to recede on the evening 
of the 18th. 

17, I need not say it was an anxious time for all of us, not indeed because any of the permanent 
works or girder material were for a moment in danger, but because failure of the temporary works would 
have meant probable failure to complete the bridge this seaaon ; as it is, I believe, that if the river remain 
quiet for a month, there will be a delay of no more than 10 or 12 days in the finishing of the bndge. 

18. Vast quantities of stores and plant were removed from the river bed during the apace between 
the warning and the coming of the flood, and I believe nothing baa been lost, unless it be a. few Belgian 
20 kilo. rails used about the staging, and the value of which is very small. 

19. Mr. Bell and all hia staff worked day and night with the energy and devotion which have been 
IO ot\en called for from them during the progresa of the great work upon which they have been engaged. 
and which ia now so near a suceaaful completion. 

OO'{J!/ of ktter No. 7H8, tlatetl 141/a Juns 1878, from t'lta Hngineer-in-Olttt1f, lntlu, Y.lli,y Staid 
RaiWNl!I, to t'/ie Director of State Railways, Wenem Sgn(Jfll,, 

In reply to your No. 243'W., dated 9th May 1878, forwarding copy of Government of India, 
Public Work.a Department letter No. 1682R., dated 2nd idem, calling for an explanation of the circum-
1tance that the erection of the girders over the water spans of the Sutlej Bridge waa delayed so long u 
to involve a certain amount of risk from the rising of the river, I have the honour to submit copy of a 
letter No. 1439, dated 15th May 1878, and its accompanying memorandum from the Superintendent of 
W orka, Mr. Bell, which latter will I think be found to afford all the information required, and eatabliah 
conclusively that the procedure followed in the erection of the girders was the only one practicable 
under the circumstances. 

2. Briefly the explanation is as followe :-
When the first apan of girders arrived on 5th Nol'8mber last, and it became necenary to pu\ 

erection in hand at once, the water apans through which tll8 deep ri,er ran, could not be "nderiaken, 
lntly, became the piers were not then built ; secondly, because the river 'W'IIII too high, abd the eal'l'ftl 
too violent through those spans to allow of even preliminary works beiug begun, u pilmc, wbioh aiglat 
o'1Mtniae hale gone on eoncwrent.ly with the building of the piera. 
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8. The floods and freshes repeated throughout the cold weather delayed the completion of one of 
theae piers P, till the end of February, ita foundations upon the well-heada having been three times 
destroyed. 

4, Nothing could be done during this period in the water spaua owing to the violence of the river, 
but every effort waa made to pueh forward girder erection over the spans next to them on the Adam.­
wahan aide, with a view to at leaat a partial diversion of the river under them, and thua to relieve the 
preuure of the stream on baye OP and PQ. 

15. Thia could not be done in time to be of any Ull8, the river having deetroyed the reclamation 
worb in span NO twioe, and threatened to break through by the back channel on the Adamwahan 
aide, by following an old bed which runa parallel with the axis of the bridge and just above it. 

6. Aa auch a contingency would have been diaaatroua in the extreme, if not fatal to the com­
pletion of the bridge this seaaon, it became neceuary at all coats to prevent the river getting in that 
direction, and this wu effected by means of bunda difficult of construction and difficult afterwards to 
remove. 

7. Their effect was, while preaerving the ground on which all the girders from O to B were to be 
p11t up, nec811arily to con6.ne the river to the two water spans in which its deep bed was already placed. 

8. The circumstances above described 110 far delayed the erection of the span NO, that it was not 
completed till 17th April, long before which time all idea of being able to divert the river at all bad 
been abandoned, and indeed the apan PQ had been piled, its stage erected, and but for the knowu 
approach of the ftood, the occurrence of which wu reported in my N .:>. 5118, dated 20th April 1878, 
would have had some girder ironwork upon it. 

9. Th111 the piling of the water apana u soon aa it became inevitable that recourae mWlt be had 
to that proceaa, an eventuality always contemplated, waa undertaken without the 1011 of a day, and the 
beat efforts of the Staff were directed to the completion of what wu in itself a moat arduo111 and 
difficult task, the pitching and driving in water from 80 to 65 feet deep running at great velocity, of 
foa.r rows of piles from 50 to 70 feet long. That these efforts were completely aucceaaful I need not 
now say. 

10. The risk incurred, aa very ■triking events have proved, was amply provided agaiaat by the 
precaution• taken, and if we had the same work to do again and under the aame circumatancea, I can 
only say that I ahould do it again in the aame way. 

11. Aa a matter of fact there WIii no time during the six months that BDfficed for the completion 
of the heavy work of ereoting the Sutlej girders from beginning to end, that the spans o�er the deep 
river co11ld, as the eeaaon turned out, have been put up without risk, nay, had it been poaaible by reason 
of their piera being built in time, to have begun upon those spans in November, it ia far from improb­
able that they would then have been exposed to greater danger than they were subsequently in April 
and May ; for we could not then have known what great precaution• the abnormal behaviour of the 
river would require ; and trusting to the immunity from floods looked for during the cold weather, it is 
likely-certain, indeed, that all the manifold precautions taken in April would not then have been 
thought neceaaary. 

Copy of �  No. H89, dat"1 15t1 May 1878, fro,,t th SvpmntMuknl uJ Wori., Bmprm', 
Britlg• Jmi,io,i, to th JJJngi1'M'•• C'/aief, I""- Vall-, Stal• Bai'lct,ay. 

In announcing for the information of the Director, that the 1aat of theee girders wu erected on 
the 9th instant, I have the honour to forward a Memo, on the subject of the erection which may 
poaaibly ae"e to refresh your memory, and to put the whole matter definitely on record. 

2. Mr. Jamea Tait, Auistant Engineer, now lat grade temporary, waa in charge of the atepa taken 
for erecting girder■ laat aeaaon while employed in your ofHce. He wu eucceeded in thia charge by 
Mr. G. Moyle, Auiatant Engineer, 2nd grade, who erected the lat apan of the first sub-division, the 6 
■pane of the ■econd sub-division, and Bahawalpur abutment span, Mr. Tait on hie return completed 
the remaining o spans of the 6.rat sub-division, the Adamwahan abutment span, and flnally with Mr. 
Moyle's men and hia own, the two water ■pane. Mr. B. Baxter, now ten:porary let grade Aasistan� 
Engineer, erected both temporar, bridge■, oarried out the aand filling from A to 0, made and ID&intained 

:, 
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the varioua dam, and bond,, and the breakwater. Mr, W. O. Henne1Bey bu 111perviaed the protection 
from aeour of the staging piles. 

8. The Subordinatea worthy of mention are-
Mr. L !>eamuurea, Sub-Storekeeper, lat grade, Divisional Storekeeper. 
,. M. Maclnemey, 811b-Engi11eer, 2nd grade, and Kr. T, MaclDemey, 

} Temporary Qyerseer, lat grade. All ataaing whateTer, 
Y:r. G. Winmill, S11b-li:ngineer, 2nd i:rade, Worbhops. 
,. T. Macpherao11,. Sub-Engineer, 3rd grade, all rivetting, 
Azis-11d-di11, Qyeraeer, lat grade, lines, levels and prot.ection. 
Bahn Kriatonanth llanerjee, Overseer, 2nd grade, earthwork and bll.lld& 
Nnr Mahomed, 811b-Ovenieer, t.emporary bridge-work. 
Mr. T. Sharrocb, li'o1'81llan, on erection only. 

4. ·rhe works eatabli,hment men of moet note are-
M:r. J, W. DeSilTa, 

} ,. C. A. Rex, erecton. 
,. C. Smith, 
,, D. O. Shanghneaaey, } rintten ,, Girdleatone, • 

Safar Ali, } rigger mates. 
Narain Singh, 

MBMOR.lNDUK 

o,, tl" orw in u,licl tla ,ptm8 of tla �utkj Bridg" u,are """at"il and tl" """'""' for '"" MTon,a­
menu atlopteil. 

1. When spans began to arrive in November it wu known that not more than 8 of the 16 span, 
could p0111ibly reach here, oid Karachi in time for this ae11on. A.a a matter of fact after landing the 
material at Sukkur, and using all the reaources of the line to supplement the defects of the Flotilla, 
the 7th span oi4 Karachi only reached here on May 4th, and quite a month after 9 spans had come 
the other way. 

2, Government had telegraphed orden to divert thoee ■till unahipped from Karachi to Calcutta, 
but it wu matter of uncertainty whether all would arrive in time, and it waa quite poBBible that even 
if shipped in time and to Oalcutta instead of Karachi, one or more spans might not ba,e been loat 
at sea. 

3. The information received lat.er on that as many as 3 spans, or parts of 3 ■pane were loaded 
in one ship, showed that the risk of dieaeten at sea were actually greater than it would hue been iD 
our power to repair. 

4. The earlier spans from Karachi, and all 11pan1 from Calcutta and Bombay, would neceaaarily 
arrive on the Adamwahan aide of the river, and u will be aeen below, thia aide was the only one from 
which operations were p088ible at the beginning of the aeuon. 

5. To meet the clear poaaibility of all the spans not arriving, it waa determined from the begin­
ning that the two abutment ,pans should be left untouched, until all ironwork was known to be certainly 
in the country, and probably available here in good time. Thia decision was baaed on the fact that 
the spans indicated have a aolid substratum of stone and block wells, on which girders could safely be 
erected even in the flood,. Moreover communication could be made good across tbeae openings in 
caae of total loea of their girden, by adapting the erecting at.aging to the support of a temporary line 
of rails. 

6. To this end a stack of sleepers, filled in aolid with earth as a protection from fire, was actually 
erected in span AB. Along this communication with the land was maintained, and materials were car­
ried over this and the erected apana to those beyond when the stages themselYea bad been carried for 
ward in rotation. The abutment span at QR waa not, however, filled up in this way, as sleepers were 
not available, owing to caUBes beyond the control of this division, and it was clearly out of the question 
to divert one of the stages to this purpose, 10 long as it (the stage) could be advantageously used for 
erecting girder& in the bed of the river on the Adamwahan aide, ao long, that is, aa the pOIIBible defici­
ency of girders did not admit of QR span being itself erected. 

7. The position of the river and the bridge at the commencement of the ae&BOn was as follows:­
Commencing from the Babawalpnr abutment, span QR wu, as already stated, blocked with atone 

and welle. '.l'he deep ri,er ftowed through 1pana PQ.. OP, and NO, the depth in OP and PQ being aome 
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66 feet;, with violent ewirl■ and eddie■, rendering aonnding difB.oult and piling impoaible. In NO the 
water shelved from a foot or two at N to 26 feet at 0, and the tendency ,vu for the river to 1ilt up at 
PQ, and gradually to out it■ way from O to N from N to M, -and 10 on towarda Adarowahan. 

8. From N to M, L, and K, variou■ shallow channel■ cro11■ed the line of bridge, but tbeae were 
11topped up, aud, by a atrenuoua effort, were filled with aand to a level proper for the 11tagea to etaod on 
by the middle of December. lo thia half of the bridge piel'B Q a1td R were built ; L, M, N, O, and :P, 
unbuilt in October, were ultimately finished, P being the 1811t in February. 

9. Paraillel with the bridge on the up-etream aide, a aballow branch of the river ran from O pier 
to 0, and eroued the bridge between B and 0, where the water, though alow, was 17 feet deep, In DE 
and BF there were 4 or 6 feet of atill water, and from F to K there was a sand bank varying from a foot 
or two above water to 4 or 6 feet. 

10. On the Adamwaban side of the Dhund at OD, �pana AB and BO were alone available for 
immediate erection, but, 811 above ■tated, AB wu left out, rather than uae up a span that might under 
poeaible contingenciea be required el■ewbere. 

11. On the above data, and on the neceeaity for working the cranee onward11 continuou■ly from 
one atage to the next, the programme for the aeaaon wu at once formulated, and the work divided into 
three portiona aa follows :-

(a). The sleeper stack wa■ inaerted in AB. Bpan BO wu erected aa a trial 11pan on ·which to train 
the men, and the work of filling up ■pans OD, DE and EF, with sand for a baai11 to the 11taging wu 
vigorously puahed. Thia, with 11pana FG and GH, constituted the first sub-division of erection, and 
apana FG and GH were left; to the laat, 811 (being on a 4 feet aand bank) their ground waa probabl7 
eecure till February, whereas the aand filling at OD, DE and EF, waa just aa likely to be deatroyed by 
an early flood a■ any other part of the work in the river bed. 

12. (b). The bond closing the arm of the river which croued at CO, wu 10 arranged aa to form the 
baae for a tramway from Adamwaban to pier G, which 11tood as before etated in a sand bank. From G 
to H tbia tramway ascended by a ateep ramp to the top of H ; and from H to I and K, the fl.mt etagea 
of the aecond sub-division were erected on the dry island, and their span11 also were erected while the 
building of the piers beyond, and the formation of more staging was in progrees. The object of the 
eecond au b-diviaion waa to begin aa near the deep river u waa then feaaible, and to puab forward u 
quickly aa poaaible with the spans up to the brink of the deep stream, if poBBible to 01 but certainly to N. 

· 18. (o). Meanwhile the river sub-division used every ponible endeavour to bold the acquired 
ground from N towards Adamwahan, and if possible to reclaim apan NO alao, with a view to the early 
completion of the second sub-division, and the diver1ion of the river from spans OP and PQ, under the 
11econd aub-diviaion girder1, during the first anticipated aerioua riae in February. 

14. This part of the programme was eo far steadily adhered to, that from the time when the fire\ 
trial 11pan in the first 11ub-division waa erected, before any work wu practicable in the river bed, all the 
apana that arrived, in order from the second to the sixth, were devoted to 11ub-diviaion No. 2. · At this 
point, however, the reclamation of span N O  had twice been loat through unexpected ft.ooda, and the riak 
of losing the costly filling from O to 1!' had become 10 imminent that the '1th, 8th and 9th 1pan1, in order 
of arrival were giren to the firat sub-division, and it wae not till the 10th span came to hand that NO 
could be gone on with, 

16. During thia interval one of the cranea of the second aub-difiaion waa taken down and re­
erected at the aouth abutment, in readineaa to begin the water spans from that end, 1111 well as from N 
pier. The fact that the removal and re-erection of a crane occupied at least three weeks, 11ho11ld be 
mentioned here as showing how absolutely neceaaary it was to carry on the work progreaaively in one 
line, 110 that the cranes might pasa from one stage to ihe next uninterruptedly. 

L6. The third part of the programme referred to the two abutment spans, (which were nece11sar­
ily left to the last, aa per para. 5,) and the two water spana, in which the river wu ultimately confined 
for a time at OP and PQ. Thia aub-diviaion, up to the point when it wa11 ready for the erection of the 
girders, formed the peculiar charge of the Executive Engineer personally. 

17. Tbe .Jlra� project for this part 0£ the work waa to erect a temporary bridge, as near the line 
of staging u might conveniently be, and then, with the matured experience gained on the temporary 
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bridge, to erect the staging proper in the still deeper water which is necel8&rily occasioned by the vio­
lent ICOlll' to which the piers gi,e riae. 

It wae aa a rider to this programme, which has never in fact been for a moment loet sight of, that 
the second sub-division was to be pushed forward, both 811 a means of getting the oranea aud materials 
to O and P piers at all, and with a view to a diversion of the river towarda M and N, leaving the deep 
water at OPQ comparatively alack, if not partially silted. 

18. The first attempts to pitch isolated piles in the 40 or ISO feet of water at the proposed line of 
temporary bridge were 10 unpromising, that a plan W811 devieed for using strong treealee or four piles, 
heavily braced together, as piers for a temporary bridge, which was to be atrengthened by additional 
single piles, for which the treaalea 1!ould serve aa guidea and as "  steadiment." Thia method was tried 
early in November, but was abandoned aa untit for the staging when one leg of the experimental tree­
ale waa found to stick up upon the atone sunk in the protective works, while the other legs were free 
to sink in the soil of the river bed. 

19. The river, it is almost needlesa to say, teara up its bed with the utmoat violence in the fl.oods, 
while, during the working aeaaon, although interrupted at irregular intervals by caaulll fl'tlehea, the 
tendency is for the stream to shoal, and consolidate its bed, while operating mainly on ita banks in its 
efforts to establish a regimen. The regimen it aeeka is, in fact, a gradient so long in proportion to the 
fall, and a section ao shallow in point of depth, as between them to reduc.} the velocity of the stream 
below the point at which eddies, and their concommitant scour, can be produced, It is a fact that in 
the Butlej a fl.ood gradient of 1 in 7,500 ii thWI reduced to 1 in 10 or even 11 thousand, and that the 
mean flood depth, which is certainly over 80 feet, and not infrequently 45 or 60, diminiahea, 811 the 
�on advancea, to a point which makes the river impracticable for vesael■ drawing 4, or 5 feet of 
water, although, ae may well be supposed, the contraction which occurs in the spans of a bridge keep■ 
the depth in these very considerable at all times. 

20. In virtue of these conditions the river bed became IO far steady by the middle of Uecember, 
that a temporary bridge � been erected, though not without ■erioua difficulty, a few chains above the 
main bridge. Owing, however, to a totally unlooked for fl.�od occurring before the temporary bridge 
floor could be protected from BCOur, the work was utterly deatroyed, and the river bed was eo violently 
disturbed, that operations on this line, and af<>f"tiqri ia the apana, were neoesaarily postponed throughout 
January. 

21. By February the admirable progrea■ in the river sub-division with the left bank breakwater, 
made a site feasible for a temporary bridge, which waa at first out of the question, owing to its great 
length. The extension of the breakwater had moreover another effect, for by pushing the river out of an 
oblique position into one where the stream ran squarely and comparatively smoothly through spana Op 
and PQ, it at once made piled staging practicable, and, at the same time, deprived the river of the cant 
through which it f'onnerly extended to divert itself under NO. 

22. When it is remembered that the temporary bridge, in but 15 feet of water, wu damaged more 
than once, and only finally completed for the Lieutenant-Governor's train on the 14th of March, it will 
not; be surprising that the first water stage, in 56 feet of water, was not an aeaured aueceaa, till the 
Diriector's visit at; the end of the financial year. 

23. The many unlooked for fl.oods were certainly the main cause of delay to the temporary bridges, 
and hence to the stagings, of which they were the neceaaary preliminary experiments. Beeidea waiting 
for girders, NO had ultimately to be not only thrice reclaimed, but also piled, owing to the restleesneu 
of the river, and it thl18 fell out that the alternative of diverting the river under NO span could not have 
been begun, in point of time, until aa a matter of fact the stage in PQ waa ready, while the advant.agea 
of reaerring this work for the period of the river's bed being most steady, and our own experience moat· 
matnred, ia fairly proved by the fact that it took from middle of November to middle of March, before a 
temporary bridge was fairly eat.ablished, after which one stage was flniahed in four weeks, and the laat 
one in a clear fortnight. 

2'. It is gratifying to l'eport that the first sub.division waa ready at the same time aa the aecood, 
and hence when the last and very eerioua flood of Good Friday came, the breaches in the sand filling a� 
OD, FG, LM, and NO, f1>Uod all the girders over them ready, and their stages in the aot of being 
di■mantled. It would have been even worse to have let a half erected girder down, than to have failed. 
u, in such a aeuon, we easily might have failed, in staging ■pane of 56 feet and 48 feet depth. 
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No. 8210 W, 

TH• DIB,BOTOB OJ' STA.TB RAILWAY■, 

TBa EJr&DnlllB•D'-0JIIll, 

b'DUB V A.LLJIY STA.'l'B RilI.WAY, 

Dated MUN'BB, 19t1 June 1878. 

The following i11 forwarded to the Engineer-in-Obie£ for information, with reference to the eorre­
apondence ending with thia office No. 2617W., dated 20th May last. 

(Signed) F, W. FBILlll, Cot., R.E., 

Director, Wutwn Sy,tem. 

CflJ)I of a 1,tur No. 11411, aatM t1ae lat Juna 1878, from the Conaulling Engi,,ur to tls Goi,wntMnt 
of India for GuarantBsd Bailioay,, Lahore, to the Dir«Jtor of State Railway,, WUHf'f& S!lat•. 

Haa tbe honour to forward for information, copy or Note by Consulting Engineer, dated 29th May 
last, on his Omcial Impection 0£ the Butlej Bridge at Adamwaban, on the lnd118 Valley State Railway. 

Nola � Oaut.Zting JilnginHr for Gvtsr11nt,ed .Bail,oay1, LslortJ, an O.ffkial IISlfHJOlum of tls 
8utuj B� at AdantWtJMtt, 011 tltJ Indu, Vallsy SlatlJ R11ilu,ay. 

Mr, Bell's Memo. herewith forwarded prevent& the neceasity of my giving any deacription• of the 
bridge. 

2. I began the inapection on the afternoon of Wednesday the 22nd Maf. 
8. As there are 16 ■pans, all of which it wu desirable to teat, I arranged to observe the deflection 

under the teat load or tbe 8 spans on the Babawalpur side myself ; Colonel Bon118,• R.E., who was with 
me, kindly conaenting to do the same for the 8 spans on the M.ooltan aide. , 

4,, For the former 8 apans, a train of three engines and tenden with ftve trnoks loaded with stone 
in front and the ume behind, was employed, a diagram of this train showing the weights at different 
pomts is appended, drawn out by Mr. Moyle, Assistant Engineer. The total weight on the span was 
IM tona on a lengtb of 260 feet, or very nearly one ton per foot run. 

IS. Thie train wu brought over each span in eucceuion, and the deflection of each girder noted­
flr,t, when the train came to a stop ; ,econd, after an interval of 10 minutes ; fliwd, after the train had 
iolled oft' again. 

8. For observing t.be deflection two parallel vertical deal roda were employed, one fixed to the 
lower 8ange, the other snpported on the ground or fixed in the water. By ruling fine pencil lines acrou 
the parallel rode, the dedectiona to the -hth or an inch could be not.ed with great aoouraoy, and were 
judged to the -a\,nd of an inch. 

7. For the other 8 spans, as atone trncb were not available, a train of five enginee (three tank 
enginel and two with tenders) was employed, though thia did not quite cover the whole span, it wu 
really a aeverer ten than the other. 

8. The reaulta under both trains were, however, singulBl'ly uniform, 11 will appear on reference to 
the Table, the deflection in no instance exceeding H, and being generally under that, while the aet in 
one iutanoe only amounted to as much as ¼th of au inch. 

• Bngineez,.iJl,Chief, l'IUljab �orthem State Bailn7. 
G 
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9. On the following morning, the train of :8.ve enginee wu paued 1lowly over the bridge from 
end to end, and the deflection noted by pencil diagrams. The l'ellulte are recorded, the7 do not dift'er 
1eD1ibly from thoae under the former teat. 

10. On this moming I visited the protective bund, and, p888ing 1lowly over the bridge on a trolly, 
examined the detail1 of the work aa far u po11ible, 

11. In the evening the train of five engines waa driven over at 1peed, and the oacillation noted of 
three of theae girder1, including the one laat finished, on which the roadway plates were not completely 
rivetted, and which was therefore likely to 1how the moat unfavourable l'ellulte, I took the obaervationa 
on thi1 myself with the vertical wire of a spirit level, which was directed on a card divided - to  iu-th of 
an inch bed laterally to the lower flange. The result of several ob1ervationa showed a mean oscilla­
tion of fu-th of an inch only, the girders observed by Colonel Bonua showing /u-th. The de:8.ectiona 
under the f11t train u shown by diagram were 1·4 and 1·8 on the ume girders. 

12. The result of the above teate being so completely aatisfactory, I did not think it neceuar, to 
pursue them further. 

18. I compute the strain on the centre of the upper and lower :8.ange of any girder, produced by 
ita own dead weight of, 460 tons, and a uniform live load of 250 tons, u amounling to 21 ton1 per 
1quare inch in compreaaion, and 8 tona in tenaion respectively. 

14. I am of opinion that the 1peed of trains over the bridge need only be limited by the ordinary 
speed over the line, so soon aa the roadway is quite finished. At pl'888nt the rails follow the camber 
given to the girders, but they will, I understand, be lifted and packed to a level. 

15. The covering plates of the roadway were intended I believe to be laid with uphalte, this baa 
not yet been done, and it is, I understand, under con1ideration r,0 cover them with concrete. Thia, if 
laid to a sufficient thickness over the crown of the cover plates, will bring a considerable extra weighi 
on the roadway, which it would be aa well to avoid if possible. 

16. It certainly seems a pity that the top of the girdera clUlDot be utilized for a carriage roadway, 
but the coat of the neceaury approaches, at pru•t, appears to put it out of question. 

17. The ends of the earthen approachea where they join on to the abutments are at the present 
very ragged, and should be finished oft' as soon as poaaible. I am not certain whether there will not be 
some trouble with the masses of loose atone here proposed. 

18. It may be aa well to have fixed marks on each pier, which can be observed through a level 
from either shore during and after heavy floods. In spite of the great depth to which the well founda­
tions have been sunk, it is still possible that subsidence may occur. 

19. I think the protective 1pur bund is likely to answer well, judging from the experience obtained 
by the Scinde, PuDjab and Delhi Railway on the Sutlej, Beas and Jumna, where ■imilar groynee have 
certainly done good service, and I think it will not be found necessary to continue the spur right on to the 
abutmeDt, But I certainly think the atone protection should be extended backwards over the cro88ing 
of NowruDgawah, and I believe the Director concurs in that view. I should also object to the oon� 
uona channel along the toe of the present bund. U the river did take a set in that direction during a 
period of high flood, the safety of the bund would certainly be endangered by any acour along its npper 
aide. 

20. At present there is no sign of any action of the river, which would threaten the right abut­
ment or approach, but aa I believe Adamwahan itself (which stands on thi1 b:mk) wu inundated only a 
few years ago, it is quite possible that protective works may be required on this aide also, and common 
prudence will dilltate the maintaining of large reserves of atone on both banks for aome_ yeara to come. 

21. Although not strictly within the sphere of my Report, as I happened to aee this bridge little 
more than a year ago, when the foundations were still unnniahed, I cannot help bearing my testimony 
to the extraordinary energy and skill, which must have been shown by the officers concerned in com• 
pleting tbi1 great work under circumatances of considerable difficulty in ao short a time. 
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Before loed comes on, i. � .. camber. 
Deflection on load coming on. 
Deflection after 10 minutes. 
Deflection on loed coming off, i. ,., Bet. 
Deflection on loed puiing onr at 6 aillel per boar. 
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