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of rain which f—ul" within the drainage aren, and by sssuming that a certain proportion of this
must be provided for, ' :

e

48, Proeseding on this prineipls, snd with such data as I have been aaie to obtain, I

t 3

uring,

in. gxtent.
Heve, may

raide in deg afrmnn‘
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dinary one of calenlating the
bed, bus should be {im}}luy"\,d rather
& consists in affording very accurate data for com-
ie made i different works on the same system of
c*umh, ed that results cannot differ aveatly in @ tract of country
which presents no’ ver appwc'abk varieties of suil or climate.

139. Returning again o the Kali Nadi ab the point of crossing in mile 34 of the main
Bine, we have a ealeulated volume of 26-882 cubic feet per
gecond, and a eatchment basin of 8,025 square miles in extent,
giving only 87 cubic foct per second per mile drained. 1If, with a view to allowing a con-
siderable margin for safety, we substitute 1" for 87, we shall get a volume of 36,300 feet per
second, to du:zim"v'e which with a veloeity of 10 i'e#! per second seven bays of 33 x 13 will
bo required. To rwodrce }m velosity the water will be headed up about 2 feet, as shown by
a dotied blue line on the section, It is f sritnate, however, the Jifference in levels betiween
the ganal and the
Iighest known flonds, so ﬂr t, with the excoption rvf P2 fmxﬁ of heading wp, abovemcutioned
arch w-ou'%d never Ls RL“HU st'zgh'mne;‘l‘s1<313, Tt will be observed that in the design there are
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ILURE OF THE EALI FADI AQUEDUCT
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¢ which carries the Tower Ganges Caval over the Kali Nadi (at 33 M.
aF, s xiLl!l‘li.’IEi'f' *armzd away by a very heavy flood in the Nadi on the 2nd October
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6 " FAILURE OF THE KALI NADI AQUEDUCT.

level corresponding fo a reading of 222 feet on the down-stream gauge. The dlﬁ‘mence in-
surface level of flood above and bdow the aqueduct was, thercfore, 3"’ feet viz. 3—

Up-stream . . . . . . . . . . . 222
Down.stroam . . . . . . . . . . 187
Difference a . 35

Tn the case of the flood of 23rd September 1884, it is recorded by Mr. Palmer. (the then
Txecutive Hngineer) that the difference in surface level above and below the aqueduct was

only 05 feet.
5. The height of the flood with reference to the principal points of the aqueduct will be =

geen from the Eollowum <Leteh —
. . . .

. Canad

Hrighest Flood. 58707 | Converate

)
‘ }
‘ Arch, { [

( T 58352 HE
‘Top qr" Hoter

549 50 Wervgs

e = = :@___"___5,{ . ’
534-84 Gange Zere
) L 53350
) Grouted } le tehang 53130
H \ .

Fertical Sealce 6 fezai Jonch

The elavation of each of the five spans of which the aqueduct is composed is as follows i—

“~

i
1
i

I
)
!
{
i
I
i
i

O e

A

PSR
H
]
|

53484 l¢_

53350 o T 2

k Scale 10 feet. =] ineh .

\ A

=g

FAILTERE OF THE KALI NADI AQUEDTCT.

6. Supposing the kunkur flooring to have remained intact up to the time when the
maxiranm heading up was reached, the following caleulations show that the flood discharge
was about 37, 000 cuhlc feet per second, with 4 mean veleeity of 11-7 feet 1—

! CALCULATIONS,

Bectional area of each barrel,

Segment . . . . . . . . . 11136
Trapezoid B T %X 1466 == 49844
Tnverb  + .+ . s e . : 2310
. 63290
Total area of five spans.
633 X 5 == 3165 s ff.= A,
Velocity. ,
A«‘tual head . . ' . o . . 36

Additional head due to an assumnzl vslacﬁy -of aeppma ch of 5 It persecond . 04

Torar Hizap . 39=H,

Taking barrel as an adjutage to an crifice, levgth 212, and smallest dimension 207 ft.
the 1.311;;-&11 is equal to 10 diameters and the coeflicient 13 0074,
“O"&l ﬁd:chw.’v == [L ‘r.

=3185 x 117,
1y == 37,0390 . it. per second,

7. The discharge of 87,000 «. ft. per second g:vm in the preceding ';:ﬁra.v"vah does net
-*preucnt the full foed dis ‘.1:1"% of the river owing to the heading up which took place above
the aqueduct, and to the H]c,r- ng up below by hoth the Halhras- 13‘:{"“ lv Rmd and the
Cawr,l,k.rp-A_cl‘wvm Railway. With a free flow for the river, the flood discharge would eer-
tainly bave been larger, t though 1t would not have lasted so long, It is difficalt to say what
the ineresse due to this cause \-’ould have been, but it would h:rd!'" be safe to estimate fhc.. fall
fioed h_; ge of the river at less than 48,000 e {t. per second,
nee to the flood discha

is the esfent to which it was

8. Another peiut with refere
affected 'ny %‘ue scour un’ier the aqueduet before the wo
taken on the 8th
show that the increase to the

actually gave away. Soundings
October 1884, when the downestrenm guuge had fallen from 182 fo0 1535 fe e’:

sectional aren wag thonme

day ({eft)-

1,275 g, feet
Deduct for No. 3 Bay, =l

totheextent ¢£33 X b = 185 o feet

Net inerease to sectional avea == . . . . o 1,110 s, feet
Original area 638 X § == . . . . o 3165 ¢ fuet
Torarn . 37

On the morning of the 3rd Oetober 1884, by which time the aguednet bas practically
eeased to fall in and the Boad and Ratlway had beuz breached, Mr. Good, Iixecutive Edgineer,
observed that the head bad fallen from &3 to 20 lect working with this head, and & sectional
arca of 42758 b a finod diseharge of ahont 44,500 ¢, £t per second, acd a mean veloeity of

104 £t. is obtnined from the fullowing caleulations s

Astnal head . . . . . . . .- . . ) a5
Add for velocity of approach . P . . . . . i1
' R Sia i o E

Torst 12D 30

O

aloeibty . . . . . K . . . .13
. . . . . . . . . . . DFE

M« an ve[cmty =2 139 % 075 == . . . . . . . 104

D == 4,275 » 104 == 44,460 v.]af" rwr seeond,
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[

. It may appear that the mean velocities Jedu;«n& ahove are very high, wat it amay be
‘mentioned that, the 3rd of October, the water which found its way under the right up-

st,;-f:am land wing rose up to aliove the level of the canal bed {which was d"v at the time); and

poured back into the Nadi over the top of the abutment. ) :
9 p el abatmont . . . . . . OB&0Y
] weduet on 8rd October N . . . 855654
. » . . ° - - 2‘53 f't‘ﬂt

=n atfained withont a very high flood velocity.

._ he lmi, j’w It at the ﬂ‘lm-,‘flhl(_ilh given in paragraph 189 of the
b oon the Lowes ve 67 of Part I of Collection) as 8,025 square
ares would sive a L,»ur T (,i 'j"-" ., fi. per gquure mile for a ﬁood discharge of

4
'l

¢ and 8 fsetor of e. ft. per square mile for o discharge of 44,500 c. ft.
enf hasin is now under preparation, and the ain U.auﬂ-e returng
are also being labulated.  As soon g they are veady a further report wiil be submitt m‘i on this

nub}pv:th ' '
11, Before prrcepdmﬂ to deseribe the accident, it is necessary to state that there is proof

of the aque'xucf having been in a sound condition three days’before it fel. On the $0th.

o] and Heaven took a discharge threugh the aquc«duct of what

Suptember 1834, Messes. 0
2 of the season, and for this purpose took’ soundings

i1 P & S
was up to that date the bighest food

below the np-strenin and '\Luw the down-giream Llnt“\lll walis. The gange reading at the time-
wag 109, and the deepest souuding obtained was 112 {he level of the block kunkur floor

being ab the highess poiné D 34 feet below the zero of the gauge.
12, The first sign of any damage to fhe work was the s ubudence of the canal ﬁour abouat
e.third of the way down No. 4 pier from the up-stream end. This was noticed at down on

the morning of the 2nd Getober 1884, ¢ and was at once reported to M, Heaven, Assistant.

Tingincer, who was then at Nudvai.  Before Mr. Heaven reached the spot a hola about 12 feet
in diameter had formed in the door ab this spot, which gradnally increased in size towards
the up-stream side. At ¥ A, 3. a portion of the up-stream canal revetment fell, and a further
fall ccourred aboud noon. By thiz time the extent of damage was about the same as is' shown
ou the aceompanying plan at canal bed level (sheet No. II), though small portions of the
arches wers still falling on the 3rd Oetober.

14, The squeduet ix founded on civeular wells. Those of abatments and plers are gunk
tt an average of 10 feet below hed of Nadi, or-to R. L, 514°5, and the curtain wells, which
ave vectangular, to 105 feet, or to L. L, 523:0. The sbutment and pl er wells all rest on

: of grouted bloek kunkur fu the slupe of an invert, R, 1L,
‘of centre of inverd being & cen on the 8th, 9th and 2%th October are
given on tha SUL'-‘“;;’}W!'-{,EI\‘,'H)(' chart (s No. 1I1).  They show on the 8th Octobﬁ" a mimmnm
R L oof 5811°0 (5+5 foet below well curb xev'-*‘) at up-stream end of No. 4 Bay, and a R, I,
of B186 (4 ruﬂ" shove well curb level) at uuc point where the fivss su_u,:xdmec in the canal

gand,  The floor under the a

-\mnmn(-'" ta

-c 4

o

floar was notic
rizht b"'- k, the strong
2 Baye, above and helow

silt banks were clenred away

through No, 4
No. 4 in'c-"'
Sth (e L(,DPI'
L i qumuLs nutwsth-

25 nsw 1, 1

B emsr

el

fund

waghed out the Llf»u‘-‘ kankar
:

of the T’a"i‘f dowsn havi

F

4 feet above the level of

{& dws afior the ac ¢ a boatitom only
standing that » guantity of 1 } 12 arch had fallen into

15. The record plan shows that two of the wells at this point were abont 9 inches out
of line, but the base of the pier was within the edge of the wells. The geological section shows
‘that the kunlcar stratam, through which the wells were sunk to the sand below, was very high
at the wells in question, and, consequently, more exposed to the action of the floods than where
it had a greater dip. The woment this stratum was cut through there was nothing to stop
the scour extending fur below curb level. A note on the record plan siates that ¢ There were
cirenlar dises made of one-inch plavking placed at the bettom of each well when cleared to
cuth Jovel, en fup of wluvh was placed the conerete filling” : a worse method of filling up the

) . s - lu, ’
wells could haraly Loy ovised ; but even if filled properly they eould bawd hava stoud

.

with o heavy a wv;rhil ou them whes once they had hem andermined,

2]
the hed,

sfore the rains of 1884, Fhe

FAILURE OF THE EALI NADI AQUEDTCT. 9

16, Out of 17 wells in each pier—

No, 4 pier haslost . - . . . . . . » 12

a e
P I FYRETY 2 s ¢« 3 3 . . . 5
. . . » . . . . 1

I\«n 1 pler is intaet, as are also both the abntments,

The curtain wells on the up-stream side are all gone, with the exception of ihp ong next f
the loft abutment, and come of the wells under cut-waters are damaged,  Of the down -srm.m
curtain wells, only the following remain :—

Ko, 1 Bay . . . . . . .
» 2 Bay . . . . . . .
s 4 IJ%}’ " . ’ . . . i
»s & Day . . . . . . .

The wells under the down-stream cut-waters are all standing

17. The ends of the downestream water wings have heen «m.r&.mm—r’t and tho remaining
portions have separated from the rest of the work and are lisble to be overturned. ﬁL-‘
up-stream water wings have not been damaged by t]us year's flood ; tE e ua-_k,; in them are old
anes, -

lu. The whole work has been most severely shaken, and there are numevous slis
in the portion which s still lefi standing, but there doet not appear te have been any greab
stzbside e 1n the canal floor as eompared with the level of the tops of the abutments, If had
been noticed durivg canal closures that thers were always shght depressions in the floor

19. It is only fuir to the officers who were empldyed ou the construction of the agueduet to
record that the brickwork isegf tLL\ very beet deseription,  This isevident from an examina-
tion of the portions ex posed by the ageident, from the way in which parts of the brickwork are
standing without support, and from*the nature of the fracturcs. At pier No, 4 the ap-stream
end of the masonry proj Jeeu‘ 23 feot beyond the foundation well, and is standing withont a erack
in it The masonty of pier No. 2 has been shown right across, ab right angles to the stream,
without a brick being displaced, the fracture being simildr to that of a stone beam. Many olher
instances might bo eited as testifying to the ¢ M_,LLL‘!‘-CG of the brickwork.

20, The accident has left us with the fellowing lengths of fairly sound work, vz

Left abutment . o . .o . The whole.

o

. No. 1 Pier . .. . . . 1
w 2, . . . . e . 197 feet froma down.stream face,
n B u . . e . . . 158 . I "
4 . . N . . 605 " 3t 3
R;;;hg abutment . . . . . The whele,

After deducting 105 feet f'or the roadway on lefti busk of eanal, there remains 50 feet
of sound floor at the narrowest point (over No. 4 pier) at our disposal for passing water
across, and with half the base of the new wall on {he sound portion of thu pler, the minimum
channel width is 465 fect. The orders of the Chief Engincer rm"a.dmg- the temporary
restoration works are appended. . The works in question were practically completed on the
21st December 1884, and water was yacaeﬁ over on the sawe day.

- %1, The failure of the aqueduct is clearly due to insufficient waterway, and even if it
were possible, which is very doubtful, to restore and strengthen the work, nothing could be
done which would add mateially to the waterway. We shoald still be left with the most
important work on the canal exposed to the very severs strain of a head of 35 feet during
musimuin Joods—a strain which would be dangerous to a nev! work with the strongest fonnid-
mémm, and much mors o to 5 patebed work, the old portivn of which hae heen 1 &’h“‘e@

aking into ileration the contingeney of unother accident t
mg to the irvigation bei
vastly Intonsified, it will, I fecl quite sure, be §
watcrway.

22, When the Chief Enginver i nspected the works cn the 6th ) 'M'e'nbu. ;zr-u q'x-amc‘n]v
in December 1884, he onve orders fur the preparation of reugh estimul

54

GV

’mr_ue when,

£ u‘.‘.x doval 1}»-&

2

works, the positien of whish will he seen {rom sheet No, 11—

Trversion of canal Letween the novth i regn rator a 'xr3 tho e“
New un"duct of nine spats of 35 feet at a m;-vi. {3
sing emb
Hailway from K hn tn new site of d’]di’dll(‘
‘ el

3
I
y B ”frmvmg eSisting agueduct and rem
y
i
1Y
}
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3. follow
. - . . . . . . .
. . . . . . . . .
“3."13 - . s s . » . . {u,(i‘\”
. . . . . . . . s 75,000
. ’ . . i . a . . 12040
Totral works s 1220000
oL 7 Tools and pi . a 1,00,000
Habmont eharges for three yoars . = . . . . < L3NG
‘Grany Toran . . 14,508,000
! e

and nse it lo Al in behind

witk, leaving only sound portion
ty with block kunkuor up to R. 1. 533
jaeduet, on line alrendy wmiarked out, 10 fwf
de by stepping and

areto a

; of batter 'i‘ :
X B —Time of wall was subsequent ¢ further in at nm"‘mvnct pmnt OI
chapnel, so as to bz' F Nao.

{weas rodueed ?rm
. B, Retarn wall
right canal revetmer . :

N . B.—This was subsequently alfered, and the wsll built en top of up-streams sbutment,
mrﬂn hanm being added as on down.stream side.

. Return wall downestreata to be bailt on lime kaid out on ground. It must.be foanded
on 8 te wall of sectin shown in anpexed rongl sketeh, and lengih to correspond with
exisling wings, Earth bank to be curved in to vight bank as markedﬁ ouf on ground. Greaf
care mush ba taken to join this new conerete wall to th i
minish, as far as possible; the ehances and size of cracks,

Iy, u.—-—=’§’m=; was alse modified and wall built on ’mp of down-stream abutment,

am ale i Lo 7oL }ﬁi{ér No.1 and ?Olnm. on to cxishn&

or

7. Cribg, 5 feet decp filled with pitching to be laid for a length of at least 80 feet and-

width bank to bunk. Ihavy bleck kunkur pitching to be Jaid beyond the cribs for at least
another 50 feet in length, and both slopes to be heavily pitched for u corresponding length,
3&7 B4 cistern, 2 feet deep, was sn brequently given on the down-~-1mm side, ‘
8. Wall along aqueduct not to be founded vn ex
awsa V, and wall founded on the brickwork.
Whole of existing plaster ovae conerete must be stripped off and new plaqter of Port-
land cement puton § inch thick and eontinued over old and new brickwork.

N, B.=Fyentually ouly new side will aud bud  portions of floor and old side mu! were
ved, :

10. Artangsments to be made for finishing the north regulater, east side {proposed
|

curtain walls 1o be deferred), so that o

Jarposes. -
. Asrangements to be made for % miles of Mg corresponding
sleepers, fisheplates, spikes, &

12, Sixty wagons of exisbing pattern

<

. Lower xewhr‘pnf walls of Nadral ¢ fal t

be c:teppeai u;) f"—“ v radsed wally for convenipnee of neoess,
teh ’ shing must be put i arn wall corners
{(iretter crate this purt) and for 100 proteat slopes. Hew 4 *nwhmg should
alse be pus in below and beyond mass pitehing np-s “of crest wall 1
re-laid and re-packed; much of it has shifted. Al this must be done b fore water is passed

over this fall, which will now have to earry an increased sapply up to 1,200 culic feet,

1t
1 :ent. Side sloping walls o 1

=

.
hu' hen slapes to be carefully pi

he ahntment so as to

sting conerete.  Conerete must be cut’

‘be 14 bays, 35 x ib), and inatr

) may be opencd as soon as possible for boating

2 up ab Narora in addition to fory in

to be bult up 3 feet higher than at
mn

st be -

FAILURE OF 11E EALI NADI AQUEDUCT.

E ziuut, Tower Gan
n Brapch,—No, £, 4

Note on tho fuilure m" the Wali Nadi A

Chief Bngineer, Irig )
The accompanying Rapors, dated 29¢th December 1(‘1 ny the Superintending By
2ud Circle, Irrigation Werks, Novth-Western Frovinees, gives full details regarding

accident which securred to the Kali Nadi Aqueduct st Nadrai en the 2ud Qetober 18

nal, by Trews, Cor, T. G Fonnzs, RE.,
. dated 25¢h June 1885,

£

aeh

which date a flood of a}mut 44,000 eabie fest came down the river,  After beading up 8

feet on the upmbrn am of the work, the stream rushed through the bays with an enormons
velocity, ot least {2 feet per second, tore oub a-portion of block kunker pitching, and
eventually undermined the wells, when abouat one-fourth of the aqueduet m'ﬂmr, as shown on
sheet No. 2, gave way and fell into the rivér,  The entive struetare, ho
slight erncls in the portion whik

ad, and t

,.
2D
‘
l

18

saverely shaken, and there are numero
The cnds of the down-gtream river wings }
have separated from the rest of the work and are likely to full, ‘ ‘

The enrtain wells on the up-stream side arve all gone, with the cxceptinn of one nexh to the
left abutment, and some of the wells uonder cut-walels are damaged.  Of the down-stream
curtain wells only four remain, bub the wells under the down-stream entowaters ave appareusly
all standing. :

Out of 17 wells in Pabh pier, it is known that No. 4 pier hag losgt twelve, Wo, 3 five, and
No. 2 one. " Ne. 1 pier and the lefs abutment appear to be intact, bub the esndition of the
}ightabutmemzs doubifnl. A copsiderable portion of the elay pudzﬂmw behind 1t was washed
out by the scour which eame round through the fonndations of the land wings, and found ite
way out over the top of the abutment and between the wells, These are apparently whole, but
it is extremely difficult to tell with certainty what action has taken place, as the bed is strewn
with debris which has sunk down to some depth. Soundings taken a few days after the flood
showed the hottom of the stream to be 16 feet behm’ bed level, or only 4 feet above the well
curbs.

2 Three days before the accident occurred, there is proof of the work having been in &
thorouwh]y sound condition, On the 30th September 1884 the Executive and Assistant
Engineers took a discharge through the aqueduct, aud the soundings showed that the hlock
kunker pitching was in place, and at the proper level. There was nothing then to give rise to
the slightest 1m.~,,appre}w1mi n, as everything was in good order. T may add that the Executive
Engineer, Mr. Good, is apqrn"umrly observant, eautious, and painstaking officer, who would
prompblv have detected any sigos h{’ possible danger had they then existed.

ructure, hoth rds material and quality, is of ¢ mu very bast

ve been overluwrn

a view {o al‘m ing a margin :h:u '“irm, Captain {now

A6,600 cubie fest per second. this an

seven bavs of 35 »x 15, which, 1
veloriby “of 10 fest per SECON
Ganges Canal),

The Chiel Bngineer, Colonel Greathead, d
No. 121 515 dated 20t} S.prié 1871} it did nob a
second in the sandy soil aseribed {o the river’s
be reduced one-half by increasing the propossd water
d Cap
~ 4 On the 9th Jandary ’*{“ M
over the Eali Nadi (wide Irrigation Proe s
that. his former theorelical discharge * was very
section originally taken being slightly oblinue to the di
taken the permal £ 1 ,te:nd of the ackua
ugp 14 feet by the
tionu, and uu‘x,rx'. X

i

rap fu:]t' shated

\_z; sartly fo the

a’m-;i adq
i

natnre of H; s,".i in the

area drained, ‘..ud 10 the inare:
whiuh the deainage is to o great extent H}*“}“('ep"t"l‘ »
2 He choeked Nm above discharge by ealeulnling the walerways

on the Bareilly-Hathras Ro 1i_. and tn the Oklana Briduee on th
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1, when with a flocd,
1,220 cubic feet per
square miles, we have a

and gave ap aet
id to bc ome s‘si t

al discharge of the Kali Nadi on the
he :ighc ¢t known,” the volume e 5
o heing obtained from a drainage ares of 1,55¢
rig ht to assums Lnnb th.. actual discharge at Nadeai on that or the following day due te an
increased catchment basin of :s would not ex ”
5, In summivg up, ho wwer, Major Tn&'rew soid “although there is every reason to
!)r-h:.w that the oreatest volmine of late years has never excesded 9,500 cabic feet per sceond,
t canpot be denier i that a rateable pr op: wortion of 866 cabie feet per second per square mile

i

2 feel por second,

5

o

of catchment hasin is very small and onght not to ke wholly relied on in providing apainst -
»

future oc:nhn«rencxcs.‘

He therefore agsumed a proporiion of 7 enbic feet per square mile of eatchment basin,
thus giving a discharge of about 18,000 cubie fect, to pass off which he proposed a watcrway
of 5 bays of 35 x 14, which with a velocity of . T4 feet per second would provide for 17,850
eubic feet, He wound up by saying—“1t is que po‘-:mle tlat these fipurcs may be objected
to as vanniug oo elose to the theoretical imits of safsty, but I eannot, with tms Mogul Bridge
of mqre than a century old staring me in the face, recommend any greater provision than that

nade in the design pow subnitted.”

6. Althongh the flood volumes given by Major Jeffreys were considered by the C hlef
Engineer, Cn‘mncl f‘:mwnlmg; to be “ perplexingly small, yet there seems no rouson to doubt
their accuracy,” and the desizn was thes Mu‘e recc:-mmnuded to the Government of India for
apw-oval which wag sceordingly o mtcd 1\d_ the W-‘)K‘L nmlt-
acts have now :
than half of -zr’f 2

%]
} fl!

a ne lt!

m of 7 enbie fest per

cubic fect should instead
and Oklana Beidges
Hoods the ap-
round on either
y !‘lr:;ve also in ihat w }‘éh‘!‘a avery m'}d bridge without
in the
. ",arion £ water pass reart i an
sigh flocd. Besides bhiss
over th“ Kal i I‘Iﬁ-’ii alone, and & im Na ll w h h brought down
per seeond during the late flood, jain:;-d the Kali Nadi ‘vﬂwveuz; 0O

-

of the aqueduet as Nadrai,
§-

. Stern £a

n’illdl‘“ mile is les

and the wzzier mi “ a*l enn &W em'

’oaaad st

'This depeadence on the rond v being
given to the Wadrai ‘aguednct 1246 lineal

ft ef at ().ms,na,.

About two miles above the N
distanee above the
> over the m.;h Nadt hasa

. ,
jaushion the

brids

watersvay of 280 feet; that over the Nim Nadl of

y feet, thus giving a tol £ 400 lineal {est for the

-z:m}x‘ni;u"d <h-es;m,'r as against 175 4 vwved 49 miles Lw
‘-;hwh is jnst below
ihe aqueducé, the approaches on inks were earried
. away, the road Lor half a mile on the 5 overtopped,
and the embankment ent through and through by the water, Immediately below the Mogul
Bridge the “"‘l‘!)i}‘:':;*z\{’} ey f'i‘atc Railway erosses the Kah 1‘\7 > with a liseal
cater of 240 feet, y the fleod gconred out the brd tou ¢
when the 15‘54* m ;'a‘rzkm” t gave way behind the abobment,
formed through which the flood pomui and relieved the strain
The above copsiderations I think amply demoenstrate

down at Nadrai,

'-.n..

the Nim A\Bﬂl wad vonstricted.

. r"
s
A9
9
.

aterway allowed in

after the disaster was how best to utilise the ruined structure so as to enable it to carry down
a supply for the irrigational wants of the Doab Ioww down.

After carefully :napeetmrr the work on the 12th and 13th October (when 2 12 fect flood
to

was still passing downj instrastions, which are fuily detailed in the / ‘x'ﬁﬂﬁi" Superibtend-
ing Engineer’s report, were given to carry out certain measures. Work was atb once come
menced, and by the energy aud admirable management of Mr, Good, who was well assisted
by Messrs. Nieolls and Bacon, water was passed over the damaged aquednct on the 21st
Dacember, since which date upwards of 1,500 cubic feet per sceond has steadily been sent on
to the lower branches, whick were further supplementsd by a constant supply of upwards of
1,800 cubie feet per second from the Upper Ganges Canal,

) - \ N . e
* Pefore the Lower Ganges Canal was opened, the waterway of the Mogul Bridge was increased, by the Irrigstish

Department, te 135 linea) fect,

1
the Nadral aqueduct was cntlrr‘ly insuflicient. The first thing, however, we had to determine -

- N
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&

. After the question of the temporary supply had heen settled, wo had next teo consider
What 1’“ rmanent measures had to be adopted-——
Ist—As regards the feasibility of so repairing the aqueduct as to make it absolutely
safe. ’
Ond.—-As vegards the posuibility of enlarging the waterway either by lowering the
flooving and converting the work into a syphon, or by other mesns so as to
enable it to poss off a fleod of 44,000 cuble feet per second. \
11, Naluraily it was every person’s fivst impulse tfo restore the existing aqueduct, but
leration the very severe dumage done to the work, and the totally i'mdemmte

amount of walerway provided, it was seen thal the agueduet eould not be repaired vith
safety. The work might be palehed up fz‘, a heavy cost, but no dependence could be pl.,l-’.‘t!‘i on
# floed down the Kali Nudi wcuid

R ,1 TJ"““A’ !V . Saverar
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¢ eonslusion #

ctliat w1

* wusthat o new
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the Kall Nadi above the ag

. . . ‘ . N . . s (t
T =
The heaviest daily falls were at~—
July 21t 22nd - 97l
Meervt . . 15 . 46 . . 00
Aligarh . . 23 . . 13 . .10
Z‘uamym . . 3 . , 59 . . 93
Average . . 26 . R 30 . .11

Allowing for a run off of § of the rain as fast as it fell, the usual English allowance
for flat sandy lands, there ought to have been a dood in the river of more tlun 70,000 ¢. ft.
per second daring the ¢ 23rd. Now, aceording to the inlormation before me and to my own
uxpenence of the stream, there had not been more than about one-third of this volume flowing
down the river,

In the firss place Colonel Jeffreys® mmsnrmnnnts gave 9,500 ¢, f6. per second as probable
high flood discharge. This volume was, as T said at the tims, ““perplexingly small,” but 1
doubled it in making my own ceatimat of 2 maximun flood. ‘-wcu'u‘h, W hatewr had gone down
the river i 1867 had pf Pd ﬂ!"f)u oh the ‘\Iu;zul 1{,‘,

ueda oty “without

careying *wv mme WY

city and
pam than

during .:L # ver
mating the vl

ing
Nadrai,
the laiter being

(=]

boe L Y
o

Ha I&]

ssion of

off bein : g over the whole b sin.

I must confess that I never expectad more Lhaa thls to come down the river to Nudrai,
and, believing it ¢o he. the _protable maximum discharge, I had no mind to muke the water-
way any greater ikan I considered : }s clutely necessary, because T had seen two grohes of a
bridge carried away by a flood with 2 oub of the remaining 5 :pqm, choked with silt, shewing
that mere width of span is-uo guarantee against injary by a sudden fleod. :

Wheve I erred was in nnder-estimating the rainfall of the tract. .

The flood of October Ynd, 1884, which is dz-:«'-usse(s in ,Jhp (,}];Lf Tn(rp(gcr re;,ov{' was
evidently due to a rain storm, disch mr*mf‘ 7’ to 8%
bosin and travelling down the sives
\To'v i Ef’:?u, T was, f:f aonrse

M

s fi J it was cregting.
but all the informa-
areas nat, cheeding

ha“’

~

"t fh# tirge, h»m b"x ng
f (} taber @ nd

g
‘.

above Nadreaion Se_y Lr mber ﬂth was j“*t 7%.

is fall, we obiain a fload discharge of (24 x
ug that my estimate of the p:‘spcrmoh Howing

s for me to have amived at anv corre -btlm.ata of the

.

har, -;a *mh sz minr,n.amr»n 1 vorsessed iu 1573, i, may mention that,

.Wmﬂ(l! ave bven a

iy the
fron the floud of 1
tuble fect per se
mont basin, swe
Bohilkhnnd aud Haot
and its tributary
frorn 50 to 40 inch :,3
provide for such a

o

e

an

yas L,al('nl,uﬂﬁ to th“ dmv’uurf‘

infgrma.*.ir;n
the aquedne

The expe
in exeess of the
North-Wester
the Kali Na
lesson taught us b

sunilar character to Nadi, )
aud the Seyngur river, and te the of 1 d syphon
colverts which pass the drainage aoder the be found

totally inadequate to earry m safaly the watere of

that of July 1Vuh, which diseha 55 eabic feet v

1 see no reason to exyect 1nm1.unity from the 1cpm1t on -Vi

imimediately to the so rest: nf thu I\'th Nadi catchmer
3 $

orave inconveniences aud 1

:»aut-ﬂ'i by the oceurrenee, B
stream similar to that

years hence, of a breach , g of the luan, hmd or <1*"--
which ha SJLASL taken place L to ‘ﬂaf‘ai" ol d]" in the
face, hoy ant 1t he ’Jm CIaK he North- ﬁ’ ;

=}°ﬁ"mcc

fm:u’fl aga m«t & repeil
Kali u"am isasfer at the rs on the Lower G

R
7 e~

d i.lu/ 1}: Iy tn ¢
4] 3 -'t: t-.he ‘-'r"i".“v‘

: pﬂ::lL}.:’ Wik
5

the fhh N L at V.x rai by Ehe h ool u‘r
2, The heavy ratng of the bdth, 13
and 1 stayed ot Nadral to observe ita action,
8, The down-stream water lovel af aquedn
from R 1. 5464 to R, L. 5490,
4. At 4 anr. on the 17th T owas in"a.rmf-d ti
arrived ab agueduet balf an hour later to fmi Wi
R, L. 5550 und at dows

oudh R, L, H55°20,

wesn noon and -39 p.

T
2

ced pipe, setiliug to a

5, aras could he seen no damage of uny kind bad op fo 430 aar o the
work,

6, Immediately ulter the water level a u;)vstvegxm side rese
yart of oid right rev cover arch No. 1 fell in.
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7. At abodt b A.f 3t became evident thab the important part of aqueduct, the canal

channel, was doomed, ag verticul and horizontdl eracks began to appear in new right revetment:
wall and as seen on down-strcam face, the arch rings of Nos, 3 and 4 arches began to separate’
i

from the backing.

§. The left revetment wall and roadway over arches Nos. 8 anci 4 part of arches Lhemselves;

subsided at 6-15 AN

9. By % a.n. the flood at up-stream side had risen o within 8 inches of top of new i'iﬂ‘ht,'-

revetment Wz‘.lilh. L. 56750 {water) and surged over it in waves 10 or 15 feet bigh, and
then the whole of this right revetment from abutment to abutment, and muludmg zucheb Nos.
3, 4, and 5, collapsed. ‘

10. Arches Nos. 2 and 1 were blown np shortly after the piers standing out and partially |

supporting abous 50 feet of loft re vetment wall which hung in current and greatly obstracted
its flow. .

11. At 9.30 a.an the only vestige of aqueduct visible from face to face of abutment was |

the toass of Jeft revetment mentioned in last paragraph. The ewrrent ran smoothly through

and was practically confined between the revetment walls built ]rmt year over abutwents, The
water surface was now as given in annexed disgram and a series of floating objects timed by -

Mr. Garstin and mysel{ from face of pilastersup-siream to hce of pilasters down-stream, a length

S g

of run of 219 Leet gave on the average a time of 12 seco uds, and thersfore a velocity of 18':20 ‘

feet per second on the surface.

2. 1t need hardly be said that with this velocity the action of s
was terrifie.  The water in main stream was piled up in waves &l } o
of about 100 feet apart, and laterally, especially towards the right, spread out into a formidabls
swirl which was fast calting away the outer slope of letL bank.

13, Up to this time, .2, 9.30 aq., the cinal channel was dry, bub there were strong
gymptoms that currents werd culting in thumgh the up-stream land winds back of abulments.
Every now and again the water burst up iu spouls some feet in height through crate work of
temporary eanal chaunel. ’ ,

14, At about 1 p.e. the curreut had fairly fovced its way through ab back of north-west
fand wing and hrrmg;* tc'pro wry canal bank at baek of abutment, demolishing soon after first
the nar‘.&.«w*“ and then turning the north-cast land wing.

2%
i
’.
0

est ¢
15. ‘The water now rashed up cmml belng still impeded in its direet fow ‘uhrong'ﬁ by the
roass of left revebment over arches Nos, 1 and 2. The water which rushed vy caval found an

exib in t‘7 Nadra: Escape.

18, At 3 p.u, the nﬂ revetment which had been s o the waterway fell in,
and in half an hour after the uorth-east land wing fo u ved, By this time the flood had
it a channel abowt 100 feet wide at back of left abutment right through eanal embankment ;

¢ub a
at hack of rvﬂ { abutment alzo & current 50 feet wide was fowing.
17. The flood up-stream reached its maximum level at 3-48 v, and the iollowmg are the

lovels 1t atamnud 1

{0 right ban ut 100 yards Sﬂuih cf aquedunct.  This being
within @ irches of {op of cansl bank . .. . 56908
On right bank opposite the new Nadrai Inspection House . 56953

18, By 4-15 par. the water level up-stream had fallen one foot and by 5-10 another foot.
19. About 5 p.a the flood attained its maximum level down-stream in the following
levels :—
As measured at 14 fest fall on left bank a very trustworthy level
corresponding to mile 32-5.0 " . . . . 66104
At aquednet itself mile 33-3-270 . < . . . B62:50
Opposite mileage 33-03 . . . . . .. 66243

20. Af 6 p.ar. the north abubtment was invisibie and a curvent 200 feet wide about was
flowing in breach at back of it. The following velocity observations were awam taken by
Mr. Garstin and myself ;—

Water level up-stream face . . R . . .. 56650
Down-sirenm, . . . . . . . « 56250
Length of ron . . . R . . . . 214 foet
Timing mean . . N . . . « 14 =cconds,
Velocity N . . . » . . . . 155

21. The water levels had gone down by 7 r.31. to following
Ln s{ragm . . . .. . . . . 56360
Down-stream & . . . . . . . . 86030

am below agueduet
and at intervals |
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o
92, The levels since observed are as follows 1
Date. ;yp-:v_f; water
18th July 1885—~Morning . . . - . .o . 5560 5540
Ditlo Evening . . . . . . . e
19th Joly 1885—Moming . - . . . . . . AEO0°5
Disto® Yvening . . . . . e . - 5 ‘ 5497
90th July 1885—3orning . . .« . . . 2 Mfeaﬁiﬁ'ﬁ'wﬁ ltrlée 2490
Ditte - Evening . . . . . . Y pm:rceptitf,]e g 548
21st July 1886~Morning . . . o . . A e 5478

25, The only parts of aqueduet now in position are as follows twm 4 .
About 4rd the south abutment a good deal eracked and not likely to last, south-
east land wing and south-west Nadi wing.

24. The breach at porth side of aqueduct site is about 106 yards wide and now carries
main current of stream; that round south abutment ia from 15 to 80 yards across. Much of
the outer slope of bank, especially at south-cast side, has been scoured away.

25.- No water passed down canal towards Asatpur, as I had the sleepers put into the south
regulator at the firsh signe of danger, but it rose to 8} feet nn upestream gauge at regulator,

26, Tanuez a plan of breach and soundings taken on 21st July and three discharges

enleulated,
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; ' CALOULATIONS OF DISCHARGES,
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.M . . core arches were destroved @ wake g vere
Discharge at, 8 4.3, i, just before archies were destroyed : water levels then were a

follows 1~ . .
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A W. GOOD,
| by yx ;.,,, Lisio Blanla on
i & SLLeCHeive Ligineer, -
-~ . > o P
' © Narora Divicion, Lower Ganges Canal.
‘\ - (B)
! f "+ Discharge at 9.30 a.m, At this time the arches had all disappeared and the current was
! P N
; flowing fairly between abutipents hut flood still rising.
’ 1t is proposed to consider the eurrent as flowing over a submerged weir, the cill of which
wes ievel of pitebing (532) and length being distance between abutments practically 200 fect
and to deduet Fgth from discharge, on acecuns of probable obstraction by rousses of piers.

! na
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The fall in current was nL e thxs, and velonity \3{ approash 3 feet per second. ‘ "
- . Note by Masoz F. J. Howe, RE, Officizting Chief lagnnor, Trrigution Works, North-Western Provinees, ou.
208 ) ) : the flocd dlscharge of the Keli Nadi at the Lower Ganges Canal erossing on i! e 17th July 1335, ’
w,m.wxMTwm :
", : -
L Of treder andored \\\ . ?,«/ 0 rehide o Mr, Good, Executive Engincer, Narora ‘Division, Lower Ganges Canal, in bis report on
' 8 -, R 1 aaﬁm Yoo tion of Na red states 1l o
LS TR E g /},g,»n N~ S g Selticed ab ot the destruction of the Kali Nadi agueduct, states as follows:
,;u»(n, 7J4"’ . ; : ' Ve Ferse ) su.{}_ UF « Papa. 10.-~Ab 8 par. the lefbrevelment, which had been so longr Mlocking the walerway,
, . ( T Al wer ; 5 ¥s
: R T T '\;*"ry 2 L«"?a / fell in, and in balf an hour aiter the novth-east land wing followed. By this time the flood
- ! R ~— . ) e bad eub = channel aboub 100 feet wide at back of left (nm‘lh) abutment right through canal
| r"; P e " ombankment. At back of right {south} abutnent also @ uu rent 50 faet wide was flowing,
! e ! ‘ ¢ Paps, 17.~=The flacd inestream teached its maximum lovel at 8-45 par, and the following
' % ' . £aAre. P Lhy
I L 4’\ are the levels it attaimed -~ o
" »'7, Yol A Z»”‘.’,ff 5 ’ “ "\\ e “On right bm? ‘mgu{, 143 yoards south of agueduet . N . . B .
N i :> I'o. opposite the new v Nadral Inspeciion House . . . o .
« Ppra, 18.~By 415 v, the water lavel up-stream had fallen one foot, and by 5-1 another
N A s L0 j’ ‘2
I S {foot.: p
D= 5404 % 200 i 24 4 V/ 10 4 004 X3 4 3 / (10 4 004 = 3% 2=} cre. 19.2=About B v, the floo ;' attained ite maximum level down.stream in the fol.
v ’ - .
f(c:z,;“k;ﬂ;‘;ja:: 10068 ' { ‘,7«;5 + 9903w 13 E ) 100,175 . 10\".'1[\\” ICTCI‘% .
on bo of . " o A - : At 14 feet fall on 1eff bank, a very frustworthy level, corresponding to wild . 3250 .
Deduet for obstruction by pler oneesizteonts . ’ . L . . 6281 At aqueduet iself . . . . . . . . . . 333270 . B
: « Ol’pb’*”b Y . . § . . B M . . N N 33.6.330 . 502 33

Het dissbarge . . 93,914 - : -
ge « 9391 “ Para, 20;~-At € p.. tha north shutment was invisible and a current 200 feet wide

about was ﬂowmo i bre ach at back of it, The following velocity observa alions were agaln

- | | | W. GOOD,

- taken Ly Mr. Garstin and myself i _
Frecutive Bugineer, Water level up-siream Faco . el . . . A o 'ﬂ‘?e'sl}
N e Tisesied - ’ . l)m‘.n‘stwam . . . . . . . . . N . . BE250 .
arore Division, Lower Ganges Canal, Lengthofrun .« © « o ' .« e e e e Zibfeel
, . " Timing (mean) . . . . . . . . . . . 14 sevonds.
) - ' , Velocity - . . . . . . . ... . 1&5 feet per second..
‘ . . ,
o e . « DT T $an 1o a he ‘ ) o Tollowing smme

Discharge at 2-50 p. 3. At this time the flcod had nearly veased rising, but the breach Para. 21, 'lhe waler levels had gcnm down by 7 v.n. fo the following :

-at back of left ahutment was about 100 feet wide—see poara. 16 of report, The full discharge ‘ Upstream « .« s . s e s . 56350
. ’ - N . . . N g e : n o EOOS

was eertainly not léss than this, but how much more ran it is dificuit to say. Using same : v Dywnstresn . . ... e« BO0E0

5 ging same .

method of procedure as in last case (8) the cutline of water ig— 2. From the above it appears that at 3.45 rar, when the flocd up-stream reached its

max:mum the econditions were as follows, viz, 1

(‘:z}-—WJd,u bet 4% 7 . .
Ry . . . . .

; . taken at 8 feet per second,

}ﬂ l : \\\ e .o The breach behind the Jeft {norih) abutrment mush have been m
i ¥ fallen masonry of the beav 1 wi and by the kunkur pit-hi'g."' atl |
! o 3(}\1»3’*11 4, and that !"’ihu the right (south) sbutment by the qﬂ
. e
I - ~— . which were still standing, so that the width of the breach may be tal
! . | \\m_.__-»/// feet, The breach mav then be trented aod weir with
f s ‘the kunku himr pub inle the Nadi he raius, the
]
!
-

Fu’crﬁiu%? iz o \_\ L ‘ . BESON
: T,
i -
=y T,
~ h_i \\\
e A7 { b /Yo 1 3 P 3 3053 0 e e e e g be
50 % 7sz 1%{/ 1336+ % A/ {1336F — % A\/{uuﬂﬁ ?
= 1008 ‘; 72 4 BXE50 13? A = 12110L _ !
Deduct for obstruetion by piers one»six‘aeenth . . T 15 ‘ . ”1’ :
B rex Y
S TN P
. A
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FAYLYEE OF THE FALI YADI AQUEDUCT,
. The erest of the so.called weir baing very broad, the couflici ont will be low and muv hLe

tak\,ﬂ at 0 i,
Then in the formula.

i’

rd
o= 8%, 1. i g, AV! d, + G042 43
== 75,8,
D=

401 {a,u 4 9255 — (F1d §
T = 975 K 4817218

3, There are, of cor urge, several ass s in the above calenlations, and there isa
further doubt as 1o whether the food volume was :"EU" at ity moximum ab the same iime as
the up-strenm tinmi !eve The widening and scouring out of the breach behind the north abut-

the

P

ment might have reduc 2 ip-stream flood level htf()ré" the flood volume reached its maximum,
and the breaches in tﬁw C a,wnpore Achneyra Bailway might have had the effect of keeping the
down-stream Hood level fairly constant. 1t is, therefore, quite possible that the maximum

flood wolume might bhave been in excess of 132,475 e, £h per second, but in that ease the
greater volume could not bave lasted long.
4. It is considercd, L:}f:re’:'me hat th? aterway of the new agueduct should be ealenluted

to puss a flood of, = -me& 3 if;h a vdc«-xtv of 8 f eots %

gives a walterway of
spang of 4.«3 fest w=t‘1 inverhs fn-mia.l on goucrete nd the other for spans uk fg et with o
cwth of 10 £22 below the ;D-!aéz bed, the

|3

FY
3 the elay steatu,

54”-99'6

B0

Waterway of ong span = * 4

and number of spans re

o e

LT

b
i

P

35

900D
W

s-stream ﬁac 1

.-?z
i .Cir

repert ii, voiﬁd be somew
the maxim w1 fiaod level o
R. L 8560 Tiw hm&: TG

aL r

Ziad}e

o813 ir iRt

L= gy e 086 = 188 e (086 == 572 frot,

This would make the maximam flood level on the up-stream side of the new aqueduct
(53960 + 1:20) =560-20, or about 2 feet nhwe the bed of the canal,

’ a o, : . . . N
6. The catehment basin of the Kali Nadi at the Lower (z“arg"s Canal crossing 1g 2,877

es, s0 that o flood of 150,000 cubis fest per second is equivalent 1o a rub off of
cubie feet por square mile, Taking Colonel Dickens’ formula of D=C.M3

D::ﬂm.d discharge.

Me=caichment in square miles.
’ C==a couflicient,
= U = 389

4

against 825 deduced by Colonel Dickens; but his coeflicient is calenlated for stecper slopes

-than obtain in the Doal,

s iy L - - 1 u - - N
7. The catohment basip is long and narrow v, baving an average length of about five times

ts average breadth, which is mfhm‘ 'wmumt hwh co-offictent of discharge, but MNadeai is
itnated just below ’h?’ Janetion of ‘ibe Jim Madi, which tends to ineresse the mazimum flood

at tba?z point.  Out of the total area, ahout 840 « square miles, or 38 per centum, is without the
limits of eanal irrigation,  The bearing of the hasin is about 3" 1° east of south, so that the
prevailing wind during t} "1%:‘ season Swee Ps up it, but the | Aty *;;:.;Lh gebe-
Jf"MW’!W c,dnmg,'v'd the direction tuken n_,r ther
In the case of the ﬂ.“"‘i of the 17th July 1.“:~,), the accompanying extract from the “\’_E-"-t;mroh.
gical report of the North-Western Provinces for July shows that it was caused by a small

s ", 3
rate great flood
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It will be noticed that the flood of July 1885 fell much more rapidly, both at Buland-
shabar and Nadrai, than that of October 1831, the gange readings two days after the maximurmn
being lower in the former flood than in the latter. This was the natucal result of a less evenly
distributed rainfall. :

10. It appears, then, impossible to check the caleulated volume of the maximum flood at
Nadrai by any reference to rainfall veturns and catchment areas, but the su(‘imr-ncv of the pro-
posed waterwmy may be tested roughly by a comparison with that of the gap in the embankment
caused by the Hood. 'Ihe sectional area of the beagh, below proposed bed level of Nadi {534-00)
as taken from the plan of breach which accorpanied Mr, Good’s report, is~

Between abutments of old aquee.ui_- 200 x W

To north of old aquedust = 310 % T3

Total square fe

Agsinst a pmy.r‘sc& area in the pew aqueduct below
R. L. (634:0) of 11 x60X10 . . . ==oaodh G,GUO

fost had to be foread

'_:JQS En

A

AT K

. . . . . 70

B"lldl’l.whd,i?&!' . o . Budasn . . . . . 39
At Bulandshahar station 208 inches fell in the two mv.,, and of this 170 {oll on the h)tl
-The Collector of the digtrict reports that ihis guantity is eorrect, but that the tabsil returns
are probﬁb muchk below the trath, the Ganges having been fonud running over in the
morning. This 0_;.un1on is confirmed by the ohservations made at some of the canal stations,
From the best information obiaina bu, it scems that over about 1,000 squarve miles of the
drainage area of the Kali Nadi, n £ 20 inches of rain fell within a little more than

. ® . -

24 hours, so that the Kali Nadi had t... THWR :ut@ it upwards of 1,000,000,000 tons of water
more than usual in a very sheit time, : _
The consequence was an uuprecedental flood, which breached the Ganges Canal Aqueduct
Bulandsliakar . ?% ’ and thP C&W npare- Achnpyra State meq‘;, ueeldeb doing much damage in other ways.
. 61
Bt on 3 ‘

Nedrsi . . .

Lauge readings.

B8 127, 99 sineér,

Bulandshahar . .

20| 11

+

Nadrai {down-stream)

o
o

Ly 1)f G,’,, cnf:)' £

i {est per second,
head and the Kali Nadi erossiug
ond, o that ihe ordinary supp 1

S s

s
]

{¢) Might af 15t and 19tk iy

L5tk 5‘5

. Trazing Ltk 16 ' Py
wrisg 151k 11 o e ;
During ' . ) .

[ —
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t A,mlt
on, and i

Nadi would be (4,100—
ATy to © {atil > the head of the
i the I*’:ni !

PR
cxkd WGl

mr‘ Bhognipnr Branches: had to be mnt from

'1, awnpors,
;

fitne,

f tb : Mainpurl, Cawnpore, Etawah, and Blognipur Divisions, aggre-
see 'Jlul would then have to be passed over the new aguedue,
ation, &ae—
. o . . . . TG0 e M
. . . . . . Lang
. e e e »
Poraz « 4,100 ¢ 1%, per second,

£ 4,100 cobic feet per second would allow of (‘4.‘100'—-5'_ 75)==825 euhic
]
1

& mmm“ “'Pfﬂ' in addition to th(‘ \}I‘dl l.u

4
s

2. This sopp
.1'3‘.3%4 ;5 wr gacond .'UL, H
cubie feet per sec
for the calenls

1
of an nceldent happening tJ 'L b; pvx Janges (mm} mrmg a year of dro ght has not been

fost sight of, bul it is maintained that in an emergency d :»ﬁi
would have to bear an extra steain, and that if
aguednet will not eadless to add :m-grei:- to the cosb ot this wwri’ uy
ng the width of the channel to meet so remote a contingeney.
. The earthen channel of the embankment across the Kali Nadi Valley has a bed width
of i‘ foet, and side slopes of 14 to 1, and the masenry chaunel of the nrv*u,al agqueduet had a
width of 192 feel, il ame as the bed of the enrthen channel: the slope of the canal bed is
03 feet per mile, or 0°095 per 1,000, The accompanying table gives the dischargesin earthen
d jiths from 6 to @ feet, and a comparison

3 d:a.ng-z—trous, itisn

-t

u

:n
JEMA-]

W

095
aud masonry chunnels of the alr re dimensions for

of tha two shows that the masonry channel is unnecessarily wide, while a third columu shows
thiit u masonry chan from 155 to 160 feet would pass the volumes of the earthen chaune]
with the same smtuce s’mpe and with velocities varying from 2-68 feet per sceond for a G feet

I«

L ¥ feet dept‘u.

de;ﬂh to !
olani Agueduct, Upper Ganges Canal, is 424 feer. per

:f

s

Py

o]

=

=

o
o

iz

=4

o &
-
<

I3

w

o+
-

&
U)

or such o channel with & slope of /150
cubie fect per secoud, corresponding to
ean veleeity would only be 4:21 feat per second
i Agqueduch.

of the masonry channel to 150 feet will be

¥
e aboub 800 feet, and the headin

ok g up due fo
length will be only €8
Full thoough channel in RGO feat al . . . . . P15
= E0 Teet, :
1,040
Normel slope of  dithe  ditio . . . I v 1

Difference==headi

FAILURE OF THE KALL NADI AQUEDUCT. : 2

For a chaonel 1,000 feet long, the heading up would be (150-=0-065)==055 fest.
8, Tinally, it may be urged against the construction of the masonry channel that navie
gation will be impeded by it, but it will be seen Trom the discharge table that the velocities

will be as follows :— -
C, i, Depth, Velabity.

Ordinary full supply . . . . . . 3,319 bR 365
Maxzimum ditto . . e s . 4111 80 335

These veloeities are lower than those en the Solant Aquednet, and in many peints of Lhe Jawn-
pore Branch, and eo meidering the short length of the a-lnr‘(‘uct‘ r'han.\el, it can hardly Le con-~
tended that they will cause a serious obstruetion to navigation. '

7. It is maintained, h.en that with a masmn'y '~L“'md 130 feet wide, and proper Ll'o‘ter:.-
tion to the bed and slopes of the carthen channel above and below, the safety of the canal will
not be endangered by any suzpl el can carry ; that there will L no real
hindrance to pavigation ; and that, econsequently, it would be waste of .nun"‘y o make u

teh the cartien chan

Ly 1

}arger chanpal,

n and masonry channels of the Kali Nedi dqu
& frel and upwards.

able of diseh arges in garlh

Carthen channe! bed
Biope=={r95 par 1,00

Valoeity.l Dis clocity, iDIﬁsc:h-:-.xga.i Areu. [Velocity.! Discharge.
{' .
60 11,188 | 210 n-X 2921 8,1%9 165 268 | 24940 780 | £33 | 2588
1 !
2
‘4
65 14,200 | 222 2,860 {1,248 285 158 262 | 2860 | &4 2,951
7 3,018
"8 3,085
Y 3,161
701,303 | 232 | 3257 |L,344 396 | 4019 155 247 BI0 | 365 5319
1 2,817 :
2 '3,307
3 3,477
4 3,557 _ .
5 LASG | 243 | 3,657 (1,440 0 2181 4,498 157 309 | 3637 957 380 | 8700
‘6 3,720 '
7 3,503
8 85
9 3,070 | |
80 |1,600 | 253 | 4054 15636 | 324 | 4986 157 | 393 ) 405L 2,040 395 ) L111
1 ! 4,142
2 : 4,231 | !
3 4,390 '
4 4,409
85 |10 | 261 | 4408 1,032 | 37| 5400 169 | 833 4,498 | 1,105 | 409 | 4518
] 4‘,537 . .
7 4.670
8 4,785
9 4,854 :.
901,800 | 273 ) 4943|1798 350 [ 6015 - 180 248 | 4,948 | L1720 | 42 4998

¥.J, HOME, Major, B. I,

1 OQ b - vy ; . . . Er 7 AT Tmr
e 194k August 1585. Offg. Chicf Enginesr, Irrigation Works, N-W. P,
%2
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Coleulations for discharge of carthen channel of 1 Lower Ganges Canal in the Kali Nodi embanks
: . neent. ' .
Formnls nsed—Jackson’s Tu'b?e 1X for canals in earth above the average—Side slopes 1 to 1.
Dafamm Bed width == 182 feot.

kson’s Tables

Sides slopes == 13 to (taken as 1to 1}, a0 -
- Y o8 0% . *
Slope of bed == -;,ﬁ)—, OF = — R A

Ceruad
s

Q for § . Jl 2er3! ospezl 3467 8897 | 4310 4,815 5201

G for =000 LT o] uesa =22 wsas | 2843 | is2)| 535 | 3,888 3 B
Difforences for § = 0050 . . .| 739, 839| 943 1054| L1s8| 1,260 | 1,403 sl sl el wal oase| ess| miw
Differences for § == 0003 . . S ?T 84 94 105 | 116] 128 143 . ‘ . - . - R S
Q for § = 0095 . A - XL { o978 | 88731 ayee| 4241 4697 5151 . - Ludb 1,653
‘, Bed 150 frel. B e ' S T S RN NUN N B—
P p - ‘é%;‘,'; A S| A by g Bed widths for differences of @ . o 45 gz | 1l T4l wmel

Differences for § = 0050 . . . 1,154 | 1,260

Differences for 8 == 0003 . . . 85 95 115 196
Qfor S "= (085 . . . 5084 IS
Differenaes for bed == & e 459 The 15th Augusi 1885,
. Differcnces for bed == 18 - . . .
wr 1 04041 ban ; Caloulations for discharge of & y ehannel 130 feet wide w
{ for ¢ . . . . 2494 DERG 3,457 23.537 €00 2,45, 943 ’ L
. . ! ?
: . Formula wsed—3ackson’s 'F

R.E,
s NW . P,

The IDtE A ny wad I

Nadi -
Agzacumcﬁ.
S U A P - e oy ; . . . . ) - - = s e
used-—Jackson’s Table ‘v"‘Il for reetangular seetion in new rubble or in old Difference for hed Lo o AT a5 | 2w
- Differ - 158 { ! iy 1,47 =4

brickwork orashia N i . . . 1,U00 i . S0l 7 R ¥

Data—— Bed width = 193 fest, _ o _ SRS WS S L —
: : : . Differencefarbed = 80 feet . . .| 034 721 Z 10 %10 Le26) 13125 1,224

S]')p- Lu‘L L\-\A = -

Depths of water, &0 648 7o 78 Bd BB o0 £4588
{ 200 fect. TS
Q for & S B 5,344 |
Qfor 8 = 0050 . . . 3,908 | P
Difference for 8 = (050 . » . 1, i 18
Differencs f = 0005 . . . Nota by Maser P & Boxg, B.X., Oficiatic ation Works, Novth-W Mern Provin
Diffevenco for o 5 ' ; y
de of the Kali .\v £ of the Luwer Ganges Cansl.

Lali aguaduct whic b had hee mmd

e portion of t!m Eali Ns
1884 was swept away by a fleod of far greater m-w*f

Qfor § =005 . ..

%;g;(é = Q056 . saohed on both Jan Al thet now remains of the ;uemxct,
3 | | Las 280 | g 2 portton of the richt sbutment (bad "d).. and an
Dillerence for § = 050 " . . 690 780 872 969 réant 1‘1'r’1t Iand wine. . '
Difernce for § = 0005« » .| 69 g7 o7y 7| ugd 121 . : :u‘u“‘»: by Mr. W. Gao aror

: ] . i Lower Ganges C:s.zml, who wes an eye-witness o
ber S == (095 . . 2417 BrEz Il 8101 3,464 4240 | 4626 dotails of tl e weeident, 1§ will be seen t'ﬂf fhn heading up ,zt.ﬂrun'*sd to 1

| — — —- — - N ) fianks bad been turn j; 1] 3 of Octohor 1884,

Dlﬂt"‘t‘ﬂ(‘“ for bed == 80 . “ aie B D05 1068 1,224 Labo Ayl rose Wi ‘ » maximam ﬂnu;‘ ab nob le s
CiTeewes frhed= 8 . . . 138| 154| 15| 196] 215 |  240| 204 cobie i e

Bed = 1927 | - - : ' ‘;‘n:‘d ret I’Ef socoud,  The volume
(lfor { S = 6905 § . - N d,.l.-g ,d()‘a !,019 4,'.2’-‘)2 4,95.: 5,499 6,015 : b tober e

| ‘ p i near]v three times as great,

F.J. HO\IL, HMajor, B. F.,
The 19th Angust 1133‘. Offg. Chief Engineer, Irrigniion Works, N.- W, P,
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o

specting the works on the 28rd July
named in the m::z'g;n.
could possibly be pa

3. After in

fting with the officers
ni shat no canal waters
oap by lem‘a(n‘ Y expedients,
With one abutment gone emi:‘e}, f ,a.ul the remaining portien
of the other badly cracked, any attewpt lo gel water across
plainly hopele
vah, and Bhognipur Branches mo

it followed the Bewar, Cawnpore,
tbe cab off frem i‘.:e
aes Canal fer

Lon the

} ] h]
1 y, ﬂwi he depen

¢he E
: 5 tiny the que\hlon of' mppiy, it was found that by reducing waio-
ally dhe wuppiies uf thie five divisions albove Gop'ﬂmn‘ the Upper Ganges Caval conld and on
to the Caw nl\ow Lm\vqh, and Rb
supplies, but that there would be great difficulsy in feeding the Bewar Br:meu, which fakes off
ab about 8 mﬂeﬁ- below the aguedust and 16 miles above the junction works of the Upper and
Lewer Canuls at Gopalpur,  The levels do pot allow of the branch being fed back up the
channcl of the Lower Ganges Canal from Gopalpur, and the only w%y in which water could be
delivered woull be by a new ehannel frow about mile 197 of the Upper Canal to about mile 48
aof the Lower Canal (see sketeh map), and thence up the latber ch annel to the head of the .
branch. The length of this new channel would be bu'zf 115 miles, and its cost not less than

stive full

Branches abont thires quarters of their respe

5, The advantage to be gained by ¢ *ons"‘m tin
of the irvigation ou the Bewar Br 1

revenue,

Blawuah, and
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sitates consider aulc alter-
nme }‘ud do whin ,(ﬂonel Forbes’ note which aceompauied No, C. 844 I,
3, to the address of the Government of India. The waterway of the
aqueduct st Ln ,ar”vd" increased, and made sullicient to pass off a flood of 150,000 cubic
tsmi per second in safety, and, on the other hand, the width of the masoury channel for the
canal must, in view of the increased length of work, be decreased as far as is wn:xstent thh
tha paa:sarre of the {ull supply which the eastern channel can carry. :
'The main features of the desizn for the new aqueduct which is now sobmitted have
been set.tled in correspondence with Colonel Brownlow, R.E., Tnspector General of Irrigation,
The work will have 11 spaus of 60 feet cach, and will be found on circular wells sunk down
to the clay stratum which is found at about R.L. 506, neatly 30 fect below the proposed bed
of the Nadi diversion. A boring at the aqueduct site, completed on the 19th September 1885,
shows a stratum of stiff yellow clay 10 feet thick between R. Ls. 506'5 and 4963, and six-
other borings at the same site, which were not continued down through the cluy stratum, show
its surface ab about the same level. There is, therciore, every hope of hinding a homogeneous
stratum of sufficient thickness, but this will be definitely ascertained from the additional
borings now in hand. The soil in the bed of the Nadi under the aqueduct, and for 50 feet
above and below it, will be dredged out to R.T. 519:00, or to 15 fest below the bed of the
Nadi, and 2 sanken floor of heavy conerete blocks, 5 feet thick, will be laid with its surface at
R. 1. 521, or 10 feel helow the bed of the Nadi, so as to protect the foundatious from scour
duriny beavy ﬂm:n-:'is‘:. The fioor has been desigped and estimated as 3 fesf thick, but it is
t’muwht that a thickness of 24 feet will be ample for the fiat por ction, the klu]nxw éuds bmnﬂ'
¢ & fe@ thick ith & double iuver of hlocks: a convenient size for the bloeks would be

3
-~ ® & x 2} = 40 cubic feet, or about 18 tons. The waterway availzble down to the level

of thig sunken floor is shown in the separate notd on the flocds (Appendix B) to be 17,188
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3. The fcod of the }

2CTOsS I’t t'urmm the "am. ;

Qf COUTEE, h ave to b(* buailt over hﬂ ‘\‘ﬂx 'hw sion, hut it dees not appear uh 'tﬂn'- u‘- hange Gi nlte*
would entail any additional expense, and there 1s no reason why the canal should bear any por-
tion of its cost,

14, The outlay against the or nqu.mi provision of 111,00,000 for the B*lrmiv Road Bridge
35 estimated at B, -)O,,, and this sum is all that is fairly churgeable againsy the Lower (‘mnnmz

Canal, :

15. Now that the road bas been so badly damaged, the pxc~exxt alignment should certainly
be abandoned, and the voad diverted either across the new aqueduct for the Lower Ganges
Canal or across the Cawnpore-Achineyrn Railway Bridee.  In the former casz, the read would
be kept well out of the reach of the highest floods by being added te thé down.stream (left}
side of the canal embankment in the shape of a berm, a result only atfaiuable ou the prccfen%
alignment by a high embankment, which, in addition lo those of the eanal and the Cavnpo
Achneyra Bailway, would muke o thivd obstrustion within abeut a mile.  The reud would be
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passed over the aqueduct by the addition of a width of 16 fect to the eanal roadway, ‘and over
the Nadrai escupe bead by un addition of 12 feet to th voadway., After crossing the
escape head the read wonld rejoin the existing :hgmraer u a watershed line along the high
bank of the Nadi, The ineresse in length r;f the road wonld be about a mile. The sceom-
panying uote (Appendix H) shows that the cost of the diversion over the agueduct would he—

=

Additions to agquedack . . . . . . . . . .
b, teescape head . . . . . . . . . .
Road diversion., PR . . . . . . . . . u:n,L'
'
Tetal for works . 138760
N : R .
This is probably less than the cost of a new bridge on the present alignment wi L proper

embankments, bub after copsulting with Colonel LaraQ’, R.E., Chief Ln‘rmw.., Foads and
Buildings Branch (sce note at end of Appendix 1), it is found that the diversion over the
ailw&y t:n."idgaf:' will be shorter and cheaper, and the latter will cous emmw‘lv be carried out by
'f,i.naj Sranch, quue independently of the works rnqmr od for the canal.

i tal Account of the
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viston for the works chargeable against ihe Cay
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iis cer"pm’ed_ helow with the originad prov
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14,12,000
1,603,000
{231,75,000
17,837,000 - 52,72,000
B ': w) e
{F} AL 23 per eentura on the cosl of works.

Lh" t{:*"? inoreas of B10,45,000 vnder “ Works 7 is covered by the inerease in cost of

b
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§,681). 'The provision for Lﬂ"lb and p nt bears about the same propor.
T

o M . s - P
t of works as in the original i e provision for Establishment

; (118

ubl i( Works Code having been
ance under this head, as work

Kote by Covowzr H. A, Brownzow, RE, dated 18th October 1885,

Major Homs is sorrect in saying that the main features, ox rather outlines, of the dosign
were %tﬂei. in communication wnh me ; buf when I suggested a waterway of 11 spans of 60
E , I had not seen the ecalenlations of pr(zhable maximum feod discharge, and was under the
3 sion that 1254000 eubic fnet per seeoud represented the largest volumie with which we
huu.d have to deal,  Bui, hav lied the ealeulations given in Mujor Home's Appendix B,
1 see so many cleraents of une Jdmtv in the various sssumplions made that I shonld be very
unwilling to affirm '\m‘.,ive'w ab the maximum discharge had not been 32} or even B0, pur
ter than 184,000 enbic leat. ,
The assiraption of width of breach is necessarily uncortain. 1t seoms to me that it cannot
well have been less, and may have been more than that assumed fu the calenlation, It is im-
ible to say for cortain that the assumed reduced level of crest of submerged weir {H. L.
eot, aniess the pitehing at that level was found intach after the flond, which ¥ do
not gather § from the papars that it was, 1t may all have clisa;:p‘:zﬁ‘:eﬂ before §-45 vov.; indeed,
judging from the very 1 :“‘"sl wbv tics measured, fost proby
have to deal with a eon

P

centd. i 1%

v hud done so, in which oaze we
in the ealewlation.  Again ‘the velocit.ya

f' "a]ufx t\'P #

~F

k)
e
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of approach has .. probably been assumed far too low, when taken as only 3 feet per second,
for the mavked acceleration of botfom velesities above  streng contracbion of a river channel
would prevent any fair inforence being made by 01“(]11:1157 rules of velocity of approach from
mere oheervation of surface velocity. Lastly, 0°50 is most probabAV far too low a coeficient
of discharge for volumes and deptba so great us those involved in the calevlation under dises-
gion, Taking all these doubts and ar gume nts into consideration, I am strongly of opinion
that it will require at least 15 spans of 60 feet to pass stich & flood ag that of 17th July last in
safety ; but hefore finally recommending the adoption of this increased waterway, I thonght it

right to telegr aph to Co;one Forbes, thp Chief Knginser of Trrization Works in the North-
“ estern Provinces, for his opmmn on this point.  Fle has not expressed any in the papers now
lily clear up any doubtful peints by reference to officers
wach heavy expense is already mvolwcd I think it only
se of the loeal Chief Engineer before

sent up: is on the spot, and can r
who witnessed the liood; and where
proper that the Gover: wment of Todia should have the ads
further outlay is incurred. ‘ }

There is another point which, I think, requires consideration in ﬂw da:‘.sm. Tu the eal-
culations of ©° Pressure on basa of pler wells,” 1h is assumed thdl, the weight of the well itself is
balanced by the resistance to sinking due to the corhmh’ v 8 ‘a'nd the friction due
to the earth pressure around them. Bud, unde o mgtig-ns 01 cons tmd :0'1 showa in the
des&gn, 1.6 with the bed of river dredge _
admit of laying of a sunken floor, it is pluin that no depen l fiee ¢an be laeed on the cor b ’i‘;'ng

'2

to sustain weight of well, and that the frictional stability of enly 15 Oii- »E the 30 feeb of depth
of the well can be relied on for the same purpose. Not more than 14015 per superficial foot

can be allowed as frictional stability of wells, only 15 feet down in unummﬁ)ed soil, so that,
for a 20 feet well, we have— -
b

)C 30 feet X 110 fH==1,0 30 Tb,
< 15 feet X 140 ==131,043 T

Wright o ’ .
Frictional ‘-tahxlxty“ . .

Ralance unsupported ' . . 904,587 T,

or % =0, 880 Th or 128 toms per s. foot. But the other pressurcs amount to 31 tons,
80 that 438 tons per square foot will be real pressure on the scil underlying base of well.
This pressure should not however, in my opinion, exceed 2% tons. On no account would I
reduce the thickness of the proposed sunken floor below 5 feet unless it can be laid in a dry bed,
s0 a5 to ensure boud and [air abutting of blocks, which would not, I fear, be possible, In
view of the pressing urgency of the work, immediate provisional sanction should be g given to
the estimate now submitted, so as to admit of work being pushed on without any delay, kut a

“copy of this note might go to the Government of the North. Western Provinees with a request

that the questions raised in it may receive caveful consideration.

E;cw CoronEL 4.4
the Government

jom.

With referense fo y d 10th iastant, T have the hononr fo state
that as DMajor Home, ineer, in his Note on th trootion of the Kali
Wadi Aqueduet, had stated that g 2 design i new agueduct”
{ronsisting of 11 spans ad Leen settied in Luxruwmlmmec with Colonel
Brownlow, H;E “ I. S]‘me' General of Iix ‘_r;‘f.it on,” 1

think it iucumbont on me te
11

sich the caloulations of discharge,

sgamingbion of the figu

.1 El-l‘ﬁ‘v 1ow done £80, an vl after eare v ﬂ‘f‘mg‘ over the §

forward, conenr with Inspector Genernleof Ir wmtm in considen

Lo advisable to inercase the nmaber (:L spmw Py 0sed, ,
3. Asstated by the In afion Works, there ave u‘r:ny elements of
1 ncﬂ“’i‘ﬁ" in the e ('\‘LmoL of the ﬁoad volume; bab f"xe data given by Maj T ome are the
1 [t ; J
anly ones we ave ko go apon, and in waking his caleulations ,'H;imﬂ"h ma are
J ) = 3

m'w"in.
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o

n"lh‘ wore fonad insufficient in the waterways of the Sind, Pusjab and Delhi Railway
f}m floeds of 1575 in the Iullundrﬂﬂ District, when 11 inches of yain fell in 24 hours,
cases, however, are not quite anulegous, as the Kali Nadi ares is

crossad by the 8ind, Punjab awl Delhi Rutlway, and cther conditions aiso are somewhat

diffes

The hwe

enb, .
5. Inspector General of Trrigation proposes 15 spo
L—qmrp fect waterway per squurs mile; bub this
althougrh it is'true that on the Lmnﬁh; embankments, wat '1w"5 uf ) i') squar ;
m'}e were in»ru{wu‘nt and had to i 14 square feet, yeb it must be borne
in mind that the catchmeut aveas v and were situated at the foot of the
hills,
6. I would recommend I3 spans of 80 feet each, with two abutment pxcra dividing the

waterway into D bays in the centre and 4 bays on uther side, This wonld give #04 square

fect Li; waferway per square mile of eatehment aves.

of v

| . Nite by Cotonen H. A. Browxrow, R.E, dated 20th Qetober 1888,

On receiving Colonel Worbey’ ‘celewram abovs noted, I ordered case to be held over pend.
ng receipt of the report by him on the guestion of wats sway of agueduct. I have been giving
- the matter much thonght, and after duo consideration of (mo il Forbies’ memorandum, I stilf
adhere to my recommendation of 1§ spaus of 80 fest. Colo rwi Forbes says that, *although
many assumptions are necessarily made, he (Major Home) has allowed a margin® m}:,‘
Home obtains hy calevlation a maximum volume of 132,475 cublo.feet per second, adwitting
that thers are many assumptions in the e alculation ; that there is o further donbt whether the)
flood volume was really at its maximum czmuﬂdx*muﬁiv with the maximum surface Ie’.’esig
attained by the. flood (" wmast 1 ahle doubt), .md that it iz quite possible *31:{1, the maxi-i

N g

=

0

o

s food volume might - have bepn in excess of 132,475 s:u’u‘i-:e f;t t per second, bud in that case
3

EX)

the greater volumé could not have lasted long.”  He then
st 180,000 cubic feet per second, which seems to me allowing o max »
Bub as stated in my Note of 13th (l,;,ober, ths values assumed by Major Homc, in his calcu]a-
tion, for- -

(1)

e n:.zo.. mum i md dzwu e

very well hav

i u!..' VG Y
tor *}:C'n bo

esifin; ml mw“x as 1 respuct Colencl Ko
1a

» out any case for giving oni\ 15 spans. L have arrived _ :
way, ro uut and read y I admit, but still the } e:s;t Ican hit on. 1 we Luow cor rm,mf t.};g #

well on the ss

0T with a velocity of 8 Ieet per s&cmxd This velocity is un U‘lbkedny high,
mum floods oecur very rarcly, and oceasional high velocities do not do permaient damage. Bat
T have no mi’néz to increase this velovity to any grent exient, and 1 can give no resson why
the cosflicien discharge, with such abnormaily great \'13- es of u! fan 1 412 as 1.5:’ Ser
Feet, sho li Q‘f huve been v7H 1

?.cun/' nearer the fermer than the

]
&

increase i‘* '-.raiuﬂ of

and necessits
velocity at 8 fe e% a scoond,  This

g 'E'SC 2R }'2*11 TGT AR
divided as proposed by Cois
,ry agrecs with me, T t
I’.“’uai, after carefal consider:
e ent of India would prefes t
sho ’ui he siven to the agueduet.  This woul disposa of ?_’a!.

1
H
and, with refersuce to -hu coucluding pov ﬁu‘i we might b
3 g y

our letter; and ask for a vovised ﬂbm_‘ull‘b of estimate showing
anthority to £o on ab onee with the work being provisionall

much I:t..rger than those

- Home, R.E.; on well i‘n\..;du

T 1V, with detailed calc:x[mans.

From ﬁ!e Buperintending Enginser, 2nd Circle, Irrigation Works, North-Western Provinces, to the Joind &

- Branch,—Ne. 1167, dated 8tk May 1886,

© ameunting o B4 ,73;4}9 s

. \w&’
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From the Govermment of India, P. W. Dept., to the Seorelary o the Governinent, N.W. P, aud Oudh, T, W,

Dept.,~—No. 281, dated 28th October 1885, a
No. C.690L., of 4¢h Scptomber 1885, I am directed to ackuowledge the recéipt of your ]v;i-ters
. Cuatl, , 80 5  noted on the margin, on the subject of the rebuilding of the
' CBIL, w 8h s » Nadrai Agueduct on the Lower Ganges Canal. ‘

2, After careful consideration of the papers submitted with your letters ander reply, in.
cinding the note by the Chief Engineer, the Government of Indm prefer that the new aque.
duet chouid be buils with fifteen bays of sixty feet ea ach, Glﬂdb-a into three sete of five each by
abutmens piers, and a telegram to this -effect was Zespavched to you on the 26th October
1885. , v ) - ; ,

3. Tn returning the estimates received with your !z-.,uxr o. C.7 iI,, +f the 30th Septem.
ber 1385, for revision on thiz basis, Tam dive ceted to request that the foundations of the
piers may be so designed that the pressure on the underlying soil may not excecd 24 tons to’
the square foot, and that in making the calevlations duc allowapee may he made for the legs of
friction and earth pm’ ssure on the sides of the wells owing to the excavations necessary for.
}avin";: the sunken floor; and to remark t'naft the thickuess of ‘hﬂ'nmpnsﬁd sunken floar should

n no aceount be reduced below five feet, nuless it ean be Jaid™in a ¢ r; ba&&i
and a fair abutting of the bloeks of which it 13 to be compesed, »

4. Iam o reguest t ‘“’":Lrwwd shetraet of the estimate, showing thé exact am

qs to ensors bond

o
[

requirirs sanction, may be stibmitied as ear l-, as practicable, nvd to communicate o suthority to
proceed with the work in the meantime. : : o

. . ’
From Cotoxes fonses, H.E int Secestary fo the sment, N..¥W. ¥, a5d Dudb

a*mn Branch, to € eoretary o the Goverim: E‘. W, UC,‘_‘,’E,“ —Mu, 0.9
ber 1885, ‘ i SN
With ref e to correspendence endi our letter No, 2801,

Qctolier 1885, idm vhrocted tn a!uur, for the orders of the Government of India
as to the diameter and depth of wells to be used for tha foundations of the.new '\’m rai

- Aquedust, ' : S

2. The papers marginally noted give n‘.li formation on thg subject, Ti}eyﬂre forwarded
1—Memorndom by Major F. Ex in mnlgmal, to save time; and i$ is requested they may be re-

tione for- turned as soon as pc»smiﬂf;.

the f{{;iﬁﬁi‘ft, in m'n.r' 1“.: 1888 3. The Chief Engineer eoncurs with the Superintending

above, dated 13th Decowmber 1655, E‘Jnfrmmh s opinicn, snd reuommnn&ﬁ that estimate N, 11 for

3. Batimates, Nos. 1, 1L, Dl md one row of wells, 20 {me in diameier helow plers (two row

below sbutments), sunk to a depth of 40 feet, be adopted ;

and as the waterway is now inereased by 1,800 superfiei ial feet more than that ordered by the

“Government of India, Colonel Forbes wo uld farther s strongly recommnend thati the spans of the

arches be reduced from 60 to 50 feet. .This will thus further reduce the pressure on wells;
reduce the cost, both in masonry and earthwork; and, further more, will give the great advans
tage of en&b‘aiﬂg-work to be c‘u-rwd on im a Jess d NEerous ﬂ}nf‘e than t 16 pli‘&enf ord{«,r» admit

“of, : .

i3

4. T am to request the favour of e"‘"'ly‘ orders as to the dimen :mm, fo., of the wells bein
commumcabed by telegraph. o )
»

Telegram from “Works,” Caleutta, to Corownr Foussns, Lucknow,— Jdated 113%71 Deznomher 1885,

Your 944 of 12th, Government of India agrees to proposals ‘imw your paragraph 3, the
total clear water xy to level of surface of sunlrm ficor being maintained at not less than
23 4‘50 supexﬁeml fa . - N '

to the Governisent of the Worth-Western Provivces and Qudh, Pablic Works Department, Tirig

o and es

I Lowe the hononr.is S-L;T;_p]i_; fop-eg
the Fest Kali Nadi (at 33 ¢

)
G an_g;a«% Cuum‘ and

v . U . . . . « 2 :
‘nmn[ af B2%° p- s eant. .. . e e P .
" a - e ’ « - . N - B *

Total .
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&

al agnedust, which eonsisted of five spans of 35 feet each, wus pariislly des-

o

2. The origls
frayed by the flood of the dth October 185, buf it was abonce repaived, and water was run
pyor 3t on the £1s¢ December 1584, in time for the * Habi ¥ irgat

3. The flood of the 4th October 1834, the volume of wihish was ealeulaled to bs from
40,000 to 50,000 ¢, feet per second, cansed so pruch damange to the old agueduct thai
pecessity for 2 new agueduct of increased waterway was at ouee recognised, and it was pra-
posed to build a new work with nine spans of 35 feet a lttle higher wp.  The canal was to te
diverted round it, and it was boped that the old aqueduet, which had been stronely protected
in the bed of the nadi, would have held together until the new work was completed.

4. By the commencement of the rains of 1885, the canal diversion had bLeen somplated
nearly up to bed level, and vough desigus and estimates for the new aqueduet and contingent
works had been prepared, but on the 17th July 1885 a flood of thrae times the magnitude of
that of the 4th Ociober 1884, and calenlated to have discharged between 130,000 and 140,000
c. feet per second when ab its height, entivcly swept away the remains of the old agquednet and
upset all fermer caleulations. ' ' ‘ ’

5. This extraordinary flood, which is fully described in Appendix A, headed up 13 feet at
the canal orossing, and ross nearly to the fop of the canal bank, the depth of water on the
up-stream side of the agueduct being 84 feet above the bed of the nadi, and on the down-stream
side 21 feet. It turned the left flank of the aquednet, and scoured out w breach {n the em- -
bankment 800 fset long right down to the clay stratam which i# found at 36 feet below the
nadi bed. Taking the discharge at 180,000 e. feet per second, the run off per square mile of -
catchment {3,377 square miles) was nearly 56 e, feet pov second, which is quite woprecedented
in the annals of floods in these provinces, .

6. In September 1885 an estimate was submitted for an agqueduck of eleven spans of
60 feet founded on wells sunk down to the clay siratum at 30 feet below the hed of the padi,
with a fioor of concrete blocks § feet thick sunk 10 feet below the nadi bed; so as to give
increased waterway dnving extraordinary floods. The waterway of this aqueduct aggregated’
17,182 s. feet, which gave a waterway of 723 s, feet per square wile of catchment (the total
catchment heing 2,377 square miles) and a mean velocity of 788 feeb per second with a flood of |

101,

130,000 cubic feet per second. The width of the canal chanuvel was reduced from 192 to

130 feet in-accordance with the caleulations given in Appendix C. . {
7. The estimate wag returned with the Government of India’s No. 280 1, dated 28th.
October 1885, for amendment in the following particulars, #iz., the number of spans was to be)
Increased from eleven to fifteen, and they were to be divided into three sets of five spans each’
by abutment piers. The foundations of the piers were to be designed so that the pressure on
the underlying soil might not exceed 24 tons to the square foot, and in making the calenlations
due allowance was to be made for the loss of friction and carth pressure on the gides of tha.
wells owing fo the excavations necessary for Iaying the sunken floor, and the thickness of the|
propesed sunken floor was ou no account to be reduced below 5 feet unless it eonld be laid in
a dry bed so as to ensure bond and a fair abutting of the blocks composing it. ' %
8. The design now submitted has been drawn nut in accordance with the above condi-
tions and provides a waterway of 23,325 s. feet or at the rate of 9'81 square feet per square:
mile of cajchment. With a flood of 140,000 e, feet per second the mean velocity through
the aqueduct would be 60 feet per sécond. The foundation wells will be sunk down through
the clay stratum till the Lottoms of the curbs are 411 feet below the nadi bed, that being the.
depth at which the pressure at the bases of the pier wells will not exceed 2% tons, The cost:
of the aqueduct is estimated at R29,82,500, ‘
9. Besides the aqueduct proper, subsidiary works, which have been arranged under the;
following heads, will be required 1mw P

i

5 f
¥i.Preliiginary operations . . . R ' . . . . 82000
IIT.—Railways . . . . . . . . . . . 1,02000
IV—Baildings  « « 0 . e . e e .. 0000

V.—Uanal diversion . . . . . . . . . « L5000
VIi—~Nadi -, . . . s s . . . . . « 100000
VIL—~Escge 5, o o . 0 e . e .ot 10000

V1L —Filling {0 breach . . . . . . . . . + L50,060 :
IX.~MisceHaneons works . . ¢ . . . . . . 76,000
: , i

Fetel Bubeidiary Works  « . 825,000

A description of these works will be found with the estimate of cost,

| The cast of establishment has

¢ estims J—=Works will then be R87,50,000, viz. :— .
10, The total of the estimate for 1—~Works will the ,50,000, -
' . oL« 29,82300
Aqueduet proper . . . . . . . .' : . “ 200
Subsidiary works « . . . . . .

Tatal (1) Works "

boen caleulated at the usual rate of 23 per centum, and amounts

to R§,43.800, and tools and plant are cstimated to cost B4,50,000 as shewn in she separate

G y=2 9~ s ‘

< + for them. . N , L |

abbtrillclt tj: tshown in the report on the aquednet proper, it is hoped ihat the works will he
. As s ‘

mypleted by Octaber 1880, and that water will be passed over the new sv.que\ghmt. in time for
co ! 2

the irrigation of “Rabi,” ‘l§89-9'0.
12, In submifting this estim
great assistance that I have vecuiv

ata I would bring to the speeial notise of Government the
od from Mr. M. Nethersole, Assistant Engineer, who has

: . : e Nethetsole
been posted to my office as Persenal Assistant for the last twelve !B()ﬂ;hb. (;“uh.t N}(..Fheit aoie
" X & i educt, and they do credit to lus faste
: wh ¢ the designs for the new aqueduct, an y re
has prepared the whole of the desig | nedue hey do credit to his fasts
d pb'?ih * He has also worked ont all the ealeulations for the stubility of tl.xe:hﬁ_gu{\’t ;::us
ana ani I~ 16 § ais v , > ! B e : L
af the work, and has taken out the quantities, The desigd and estimate submitted tn Septem
of uiv "Iy © £ i '
ber 1885 were also his work.
3. In addition to the
baoks are also submilted, wiz. i ' ‘ | '
Book 1.~—Report and estimate of aqueduch proper. _
9.~ Report and estimate of subsidiary works and tools and plant.
' =~ ' 2

N

i i1 b e o B3 ine
coneral abstract of cost appended to this letier, the fellowing
fachainid ’ N by

3
" 3.——-3ppegdwes. .
,  A——Drawings.
LOWER GANGES CANAL
‘< v~y L] A nl ,‘r\’ N
Nrw squepuer over Kaur Nao (ar 33 sruss 1 ow)
Generel Abstraet of Cost. o
- e T T T - —— ;
Deteils, Amaunt, Tobsle
— . e 0 N
F R
1.—~Wonx, Ed
I-—Aqueduct proper . . . . . . . :
11.—~Preliminary cperations . . . . . .
11 —Bailway: . . R . . , . v, .
IV.—Baildings . . . . « . . . ' .
. 'V,-—Cm{xe.»l diversicn . . . . : : : ‘ : X
VI —Nadi » . . . . 0,000
VIl—Kscape . . . . . . . P . Lol
YIIL—Filling in breach n . R . R . R . ,745’()(](} !
IX,~-Miscellaneous works . . o . . . 8, {
N w'—'-——-‘~—-'w~h 0 pa e oy ("
: Potal, 1-—«“’0’9%9.' . . . . dgé 5’ igl(;
At 93 per tentum, 2.—~Establishment . . 45,800
AESP '3.__1,%13 and Plant . 4,650,600
? ’ S .y T e w1y
Graxp Totar, Katt Kapt AQUEDTSY . »J;:J‘,"; ?:Or)

F. J. HOME, Major, R.E,,

. s PR
Superintending Englneer, End Cirels,

Irrigation Works, N.-TW. Pravinces,

e

R

: . . b gl - w Fp—— 1 . so
Note by Corowxs J, . Forzns, R.E., Chief Engineer, Trrigation, Worth-Westorn Provinees, on the proposed

: new Aqueduet over the Kali Nadi ab Nadral, Lower Ganges Casal,
The estimate submitted by the Superintending Bngineer s divided a5 follows i—

24
—Works—
T~ editot . . 26,82,500
{2) Aquedact . e . . . ’ 6,905,000
(B Subsidiary Works . . . o, v d . s YRR

Total Works . . 86,577,300

I ~~Establivhment . PR . . . . . . . ‘:;,,i‘% ig%
111,—Tosls and Plant R . . . . . . . 450000
: Gmawp Toman . . 4073,100

po-m =)
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2. The design has been prepared in sccordance with the following conditions ordeves.
the Government of India (=

(1) The aqueduct to have 15 spang of 60 fect divided by alm(mpnﬁ piers into three
sets of five spans each.

(2) The maximurma pressure on the foundations of piers not to exceed 23 tons on the
square foot.

(8) The thickness of the sunken concrete floor not to be less than 5 feet, *unless’it
ean be laid in a dry bed so as to ensure bond, and a fair abutting of the blecks?
of which it is to be composed. ‘

(4) The total superficial area of w;xterway down to level of sunken floor to be 23,430
square feef.

Conditions (1), (") and (4) are definitely settled, but as regards (3), there is still some
doubt, as the thickness of the floor is to be dependent on * bond, and a fair abutting of blocks.”
The laying of these concrete blocks, as ordered by the Government of Fudia, toa thlckness of
5 feet will be a muost tedious and expensive work, costing nearly 6 lakhs of rupees ; and the
completion of the agneduct will be greatly delayed, 1Itis worthy of serious eonsideration then
whether this thickness is absolutely necessary,” or whether by sinking the wells deeper we
may uot be able to do away entirely with .the concrete tloor altogether, and in lieu of it have
bl(wL kuankuar pitching.

4. The old aquednet had a ‘waterway of 3 spans of 85 feet, resting on wells sunk 20 feet
below be»d level, and notwithstanding that in the flood of Octoher ]&‘M the main set of the
straam was on two of these spang only, the scour did not extend down more than 20 or 25 feet.
In the largex flood of 1885, however, the bed of the river was scoured ont to the clay stratum
which is found 80 feet beloyw. In the present aqueduct we are giving 15 spuns of 60 feet,
founded on.wells 40 or 50 feet below bed, and a concrete block floor § feeb in thickness sunk
15 feet below bed 15 proposed to be added as an additional safeguard.

6. As the limit of pressure fixed by the Government of India on the hase of the wells
fizes also their minimum depth, it will be convenient before procceding further to consider
this point,

The caleulations sx.bmll:ted by Buperintending Epgineer show that the pressure will vary
from 2+H tons per gquare m.,t on base of pler wells™ ‘n I'G tons on the abutment wells, It
would be possmlo to e essurs by spacing the abutment, lund and river wing wells
further apart, or by not sinking them so deep, or by a combination of the two methods; but
this is obviously objectionable, and as the river wings are not bended into the main work, and
the wells are to be fully loaded before hearting, dxﬂ ultimate dx&elenoe in the pressure may
not be considered of much consequence.

6. T would, however, most strongly advocate (in fact in my opinion it is absolutely peces-
sary) that all the wells should be sunk to a minimum depth of 50 feet.

In the calculations submitted by Superintending Enginecr, it is true that the condition
laid down regarding the maximum pressure on the foundation s jnst attained when the wells
have been suuk to a depth of 40 feet ; but in these ealeulations the wells are supposed to be

spaced only 1 foot apart, swhereas it has been found necessary to lay them ot 2 feet intervals,
Besides, in these caleulations there aré necessarily so many assumptions and elements of un.
certainty that some margin must be given, and it certainly would not be safe to stop the wells
at a less depth than 50 feet, which theoretically will give a pressure on the base of the piers of
about 1'5 tons per square foot, according to Raukine’s formula, or 2-74 tons if the friction is
consideved as not acting entirely round the circumference. This extra depth entails an addition
to the estimate of $2,00,000.

7. The general design for the wo an most carefully worked out, and e‘?eepi.. o1
some minor details, snch as ths tthnLa: of the arch which appears to be too slight, the stone
turuclum for wwells, and the concrete plug for wells, further remarks are at present unnecessary.

The thickuess of the arch should certainly not be less than 4 feet at the key.’

The combinaticn of stone corbelling and brackpts for the wells doss not seem to me to be.
a good one. X consider it would be far better and/ safer to do all the corbelling required in
brickwork alone. /

The wells will be hearted entirely with ordinary lime concrete put in as rapidly as possible
after the loading is completed ; a plug of cement conerete is therefore unnecessary, and may be
o:mtted irom the estimate,

* Theformula used iz Rankine's, which i practically for independent wells, and not for a rowr of Lnntrvuons wells.
If frictionis only taken into account us acting on two pl.m a3 on opposite Sxdt‘i of the well, ustead of all round the
circmnfercnce, the pressure on the hase of the pier wells is nearly 4 tons per square foot.
[
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The saving effeoted by doing away with the stone corbelling

be 351,386,

3. In the Abstract submitted by Superintending Xngineer no sllowance s made for
receipts on Capital Acconut, which may be estimated as follows:—

(1) General.~—Ss 1z of txmbcr, ronew .;M, &e., in centering . . . 20,000
Daoors, timber, &e,, in dismantled ‘buildings . . . . B,000
{2y Reilway—8ale of old permanent.way . . . . . . 1E000
440,000

(3y Tools and Pllsz estimated at 14,50,000, whieh when seld on ermplation
of work will vealize, say . . " . . . . o 1,50,000
Total receipts on Capital Acconnt « 1,890,000

L ]

a8

_ Providing for the shove alterations, the general summary of the estimate will be

follows :—

L= Works—
i B’
(a)_.u\‘qnef%!mh e e . . . . . . 31L,50912
{5)-—Subsidiary wor k. . . . . . . 415,000
9895 919
. e 38,259 ]
11,—Establishment . . . . . . . . . B70.680
11L.—Tools and ¥lant . . . . . . . . o 450,000
V.Suapense . . - . . . » “ . . are

hocount . . .

5

V. ~Dipiluct recaipts on © apifal

7
3
o
T
Qi

bout 6 1

1ERE, nol ant
ngr the work will cartainly La
34 pl»- waber way ‘}0\‘5-\-»-”«'93*'1 ta the ammnu_:,

from S Lo ';}

mon t.l': V*.’z“u t"" eIy o
a that aé 30 feet below hﬂ !» el thero Is 2 clay stratum ¥
f ¢ stream, and thm. notwith

.L-bt -

qu

aoross the whole W
.u,gt« waterway m'n»'riy allo { nomw'n high floot

2

clay 'J.tt"m. 1 .u.l\'P
uunecessary 1o the safety of
ﬂ n, 131 this view is a6t
tuted for the concrete, the geno

r floor, 3 feet thivw
* the estimate v

I;—-?Varks-—
“(a)=bguedust . . . . s . . .
(b)~-Bubsidiary works . . . N ’ .
TL~Estsblishment . . . - . . .
iI1.~Tools and plant . . . . . . .
IV.—8uspense . N . . . . . . . T
Total . 40ET0N0
V.—Deduct receipts on Clapital Acconnt . . . . . 15000

Graxn Toran « 45, 7012

e

1¢, I would draw atleution to the very complete manner in which this estimate has bgen
submitted by the Superintending Engineer, Major I'. J. Home, and to the remarks he malkes
rexarding the great assistance he has reecived from M. Nethersole, Assictant Engincer, who
i» pne of the most promising and painstaking officers in the Trrigation Deparfment,

From the Government of India, P. W, Dept., to the Becy. to the Govt. of the MW, F. and ()adh P. W. Dept.,
L No. 199 I., dated 25th November 1885,

In reply to your letter No. C. 828 T, dated 18th October 1886, forwarding estimates :uu’!
*)1.111g of the yroposed new aqueduct at N a,u.mx, T am directed to state that the Chiof Engineer’s



by

Af

] thi~]
is o compohent part, is n

wos s matter of urgent nw”fssi

mf Gnv ro ue,ui s e'w}
ha aqieducet is on the main t:up}ﬂv channel of the Lower (3anges Canal sys tem. it
to complete the new work at the earliest possible date. The
we have accorded |

w under preparation and will be submit
as may be practicable,

0d be ae

,..
foamt
praei
5 &
or
Q
b
[s73
3302
'_1;
w0
or
2ot
g

3

LAOTWeY l!l’ﬂ" 3z Canal

: feob tn‘(’b. miste .x.\i )

t of Indin, and to commuunicate provisioual a
mmmt g to B45,67,019 for ¢ Uﬂ'"bv dmrm a3,
nction oAy

hzch tha es’nimate w a mmponem nast reee
at the revise

et
£
5

4 Set

projest,
HET,

as, concrdquu , comme enced in the working season of 1885.86, and

sanetion tu the
OULY ‘-‘;L‘

& We enclose 2 n

which we have a};pruvei

»

Memorandum bv Coroxer R, ho

* by
i j_vmgress ab f z-i i, f1
he alterations nofed, the project should be complet

5. The work is urgently nee

vE, R.E, Inspector.General of Irrigatio

o Lower Gy

the Ins spec sr-{Feneval of Irr
rom which 1t will be seen that he u»nuﬂ rg th

0

vrcw b lose of revenue, £

Branch has been elosed

.

nt for

T,
and the Cawr

}th Your Lordship’s approval,

abour was mncenrrﬁm On some
ir f{;rﬁ.i depm of .7’) feet. A temporar

o

Canal at I?Tadml,-~~lateu

als had §

25ih Apru

d by Colonel Jﬂfc’reys, RE.,

, o the new

57

and afi

ided 3

test \11

af ii g }«m's

Vowo
o
en

Do

Ap Ly
(“‘U

n i

.} stratum Anu iat

od En consuitalion with the

entire Lower
éhe approval oi
 the canal may

& the honour
fer Your
informe-

nate for the amount nofed above, in order to regalarize the

eir prcm'l'ebs satige
ed on the design

in censequence of the

1pore, Etawah and

Aqueduct under construce

o Lx‘uumml“ t‘l,

w

ird

nto threa sections

earthen ‘section to

row of wells of 12
O fesl in diameter.

main abutment, of
nd sbutments TL..

L ig found at 540 feet be-

which were being

Fahie op had been ercetad,
carefully worked out, and
vision of an an

stic and H}LLHIU‘ :nt

. hzd informed me
30 feof helow fhe

* Cross, Her:

"i’ y on the Upper (mn ges Canal, "We trast

rigation, who lately visited the works :

P T TMYIR ATYT BT aTnT TEATY TV
TAILURE OF THE XALI HADI AQUEDUON

'

1331

ra wonld

ervations show hut

Vo

-1<laedunt, attraceed my abtention.
thﬂm,,. h the aqueduct, and I am of opinion thaL thhout tmmmcr works yt wiil
5 1 | the ngueduet hare of work in passing off hwh

will do s

e n
5
oparved 1n 1884 and }

ﬂamsj %’.16'?1 as : d . The at nmont of the Nortl-
Western Provinces will be invited &o this matfer.

As regards the estimate 1 was ml'o"m«:ci rh at doubbs were entertain
of the provision for special plant, but that if the sunken floor were disg
in cost would cover any }»u&u? axoess Ot ﬁc-a!. and plant in additivn to the cost of the pro-
posed i'rguug‘_,a works, 'The works were not fur enough advaneed to allow of an opinion bein

e ossibility of savings on other heads of the estimate.  About 20 lakhs of rupees
formed of the p Y g 7
had already been spent on the works,

! ‘

perience can supply > dots
not resist the evidenve now hroug!
“'u'(}')ﬁasd 18 i‘t‘anv UECEREE
" 4. T trust that all peedful care will be taken €01 keep down the expenditure within the
lowest Ymits tuat are compatible with the reconstruction of the aqueduct in a manner that

shall place it beyond any possible risk in the future. :

¥rom the Government of India, to the Secretary of State for India,~No. 2, dated 2ed Juanary 1888
We now enclose {he documents which are noted below, and which, we trust, will afford fa
your Lordship all the information which is desived.

It will be noticed that the cstimate, 2s now submitted by the Government of the North.
‘Western Provinces, ngoregates R19,98,810, and excecds by H4,31,791 the total of that which
was reported to your Lordship with our Despatel No. 24 Public Works of the 16th May last.
The letter from the North-Western Provinces Government enters fully into the anses of this
exesss, whieh is mainly due bo. the fact that Whlll" pmvzta ot has been made for the training

which the Insneat seval of Irr o be necessary, provision is alsg re

st

-\f the ﬂnur 18 u’r(m CEEAYY. ‘-. ase the lotal eost of ":«'orn, 3
agraph of the letter above quuted, will be B16,30,0 v about




> T
Iide

4

L)

< o
3 fast
e [
e =3
= -
St )
; =
2 =
-
o
o]
e
=]
R
=
L
—
2
=
w8
™ L
(9
i
w o
@ A
[
[
&9
w
® .
=]
-

N
i}

Qor
nvest

il
i

ES

“a
e

wew

£

a0 e, £,

1

would be reduced from

-

k

th, the total cost of the wor

vi

may
g

o

aWaAYy W

Al

Ty tTs)

j 38
-

Napr

;AL

BT TOTAL

&t
Vg

N

EG

3V

QUEDUCT

-

2
Py

324

i-
10wn in
as

8 was

ant ib
light
the

1
P
1R

ed from

sk
inenrred
ah
1o

3
@

*}

hat no !
18

ilill4

f

t of a work
¢ reasonable

dg
2t

dt
atedepth of 15,000

k

th

bt
eleotr,

lni
vould have to |

1
$
i

gr
1
i

t}

d tobea

]

1

&

Al

W

1 the original est
&

Ea

?.im.'zt.e;
orne in min
o
n
ol
at pro

™
g plant awvail

hut eve

1 1Y
5

u

5

10
RO
Bare
v
.

win
v h

1
tiby
ant

=810

=4

b

3

3
W, N
» ARy

3 he

L(‘”

¢

tu
B

andi
ha
1
al quan

It
AN wyell
itinn

miscellanesus pl

i}

Jenares Bridge

ay.

1

ey CXJ

1

Ty

i

4y to be supk to an &

o add

B

abe
S

]
ary

718 30
¥i§!
:

A ¢
atd §
the

3

ter b
h s
vala,

low, and al

retury of 8¢

o
£=3

contemp

Ame

i¥
ata.

It

k
1o

1 4y
Ry

ferences,
throu

b
, B

iff
A
a very mue

~

under

”

ginally

et
18
pur

orl
0 fe

400 feet

3|
DPOLTESS WA

A

7

O

dea
d that

how d

a

46

4
N
re
Iy
Fe

™
5]

2
.
&
.
",

i
S

R
3
<

)
&
b

K
the

om 1% to
g

2
=
[

=

¢

¢
v ]

e.”

em
{2

ad than was
{1

hoov

ok

is

taf
he
’.‘:{s

wel

Y

&

from th

found 1}

land threo

1
Vi

-
e
A
*

above
A
, of
ed
o
&

{
ablamn

¥
oo
s
1
ot
ghr

ihie

£
s

tan

e

o

Fasd
)

G

i

ded

1r
¥



44 | FATLURE OF THE EALI N¥ADI AQUELUCT. FAILURE OF THE RALL NADI AQUEDGCT. 45
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’ Rars,
Qnantities. Amount, Total, . IJO‘”TTu Gavwogms £AXAL.
{ Par ’ i
!
P " — b B R maa : ) Desariptive Specifications of the w i st Nadrai.
ard : i ) 1 e : . . IRIT A
Eu}‘.} shi forward B N 1e0 asr ve . Conditions fized by fhe Government 1. The m mﬂ@ﬂ“ ith the
: of India, following Fovernment of India ree
<o M mmasl o35 0 \ €T aced have 15 " o
: : s 1) “The agueduct to have 1@ butment piers iuto thics
) 4 J
o T : . 5 sets of five spans each,”
T A * {2) “The maximum p
: 9o .3 square foot.
o ' {3) “The thickness of the su
) a - - - E .
ronwork, wroaght. . . o in a dry bed so as to e
cast < i, to be nomposed &

: The question of the wecessity of a floor is still under consideration ; and wntil such hryl ¢
: the well-sinking through the clay stratum is further advanced, it ¢ numt be definitely settled.
. , The present estimate provides for a bleck kunkur floor § feet in thickness,
: ; {4 “The total saperﬁciul area of waterway dowan to level of sunken flvor to b
. wes sen 27 52000 1 sguare 1 {eet,”
2, The eatchment I;u sin-of the Kali Nadi at the Lower Ganges Canal o g ie 2,377
square mxiw,, ant 4 discharge on the 17th
s July 1885 15 1@‘; 41 £ _per second, or at the rate of
. ‘_‘Q Q 1,000 ;,a\z.mm . ; l:::_f::u; 5657 i Wr sqaare T mie of eutcliment.
: iz 100 ¢ LBOUK ! . ’ The « spans of 60 feet witl
. R , floor laid with its surface at a depth of sod 0 the soil
Toran Koxrvr Froos . ste bos.00000 L 2,00000 would be scoured out by a ﬂof similar to Llnf m“: J
. | . submerged ; the waterway above the so
15 x 1,080 = 23,325 square feef, or at ‘ﬂ;e rate 0% :
. Subsidiary Works, , . : . The mean velot ity, supposing the maximum floed ¢
{@) Preliminary operations C e e e e 1 G feet per second, and the headir
R e SO R velocity of approsch
(&) Canal Diversion Lu\d wo“ks in Ponnﬂt,twn . . . . . 1,11) 000 Height from bed o
. (¢} Nadi Diversion . . . . . . . . <1 L00,600 : canal,

{7} Bscape Diversion v e . . . . . . 10,000 .
() Filling in Breach at olu Agueduet site . . . . . .1 1,090,600
(//t Miscellanscus works . « B . . N . . 76,000

[

6,065,000 | 6,95,000

Tota! Subsidiary Warks

Torarn I—Wozgs ol T 37,47,000

I, | Establishment {23 per cent) . . . . . . .1 8815810 | 861,810

The canal roadwa:

wuy shove o

1L Tools aml Plant-—

ny
; machinery - . . e . . . L1 221010 feet above the eanal
2 jing & sealiansous - a . . N N 4 363 m i N . i v,
(2 3; 1131:;“ inding znd miscellaneous : 250150 4. The whale work will be founded on wells sunk to B
( 4 v - 3 . - - - - . a . LV AWSN R ) - . N .
Ses ab B per o . 35,477 ‘ of nadi, thut being
(1) Loutunr»nueo at o per cant, . . N . N . 5,4d 1 Foundations, f nad 5 that b emg

permemresra —

7,40,000 |- 740,000

of tha Plt'i" and abutment g

Total ITI~Taols and Plant N
,  unfuvonrable cirenimst

ab hizses of

Torarn . 53,48,810 b the (lovernment of India.
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~2

half the arch, the pressure 2% the bases g:f the ab
a)f ina‘ﬁ on 'the ;‘Jie." wn"ls. The pressar

Deduct Receipts on Capilal decount

T B e v YR : . . . . :
Selling valae of Tonls and Pland . . . ‘ ther, lczl] o i.\!cc,:')r
Railway materisl, &« . . . . - . . . : e 4
i L ., shntrer
Miscellanseus ree itings, &, . . . . . o : the tn‘)lltf.x'),_l

Total Receipts . 3,50,000

'utment and iy
themy 20 d or by

NET AMOUNT OF ESTIHATE . 49,938,810

I. . FORDBES, Celonel, RE.,
Chief Engincer, Pr ublic Works Depa
' ’ Irvigation Branch, North-Western Provinces.
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6. The sunken floor (3 found ne surfice af K. L 52400,
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Swnken mn:‘:‘- RN . 2 W o 1 R | :
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7. The execavation of the plt for the block kuniour floor below R, L. 535:00 v : do
by dredging from barges by hand and steam power ; qbﬂw
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water would be 21 fmet., aud depth which it wouald be very expensive to puiep oub over such a
large avea,

8, The backs of the abutment and river'wing Wi

Dredging for sunken floor,

is wiil he closed by a line of sheet piling

- Bhect piling behind abulments ind

Wi, to B. L. 81700 or 2 feet below the Lolforn of the sunken
ﬁum‘. This protection should prevent all chance of settlement-of earth behind the abutments
and river wings, especially as the filling i will' ba good puddle. This eompletes the descrips

fion nf-' the work to be d(me heln‘" \adi bed R, T, 544G,

9, In view of the great length of the naw .quu:duct avery endeavour has been made to
acdu«:m its width to the nimost extent consistent with safety,
In the old mmedmfo the width of the canal channel was 192
foei the same as the bed width of the earthen channcl. In the new design the width hag
been reduced to 180 fect, as with this-width the aqueduct will be capable of carrying any
supply that the eartben channel can earry with safety. An 11 feet roadway for wheeled
traffic bas been provided on the left bank, and a 6-feat bridle-path on the right bank. To
obtatu these widths corbelling lus been resorted to as {ar as po‘“ll‘lt. j‘Le width from face to
fase of arch in new agueduct is 1437 feeb as against 212 feet ln the old, or a reduction of
633 feet, \ '

10. As cqupared with the old aqueduct, the other alterations in the superstructure are the
lightening of the lozd on the arches by the adoption of
8] andul arches (similar to those adepted ab the Solani Aque-
sub-way under the road, a different disposition of the
cnfh to the river wings, which now run back to
s nd plﬂtt{.t thoroaghly the flanks ﬂf the work, Octa-
gonal gz:ii::.s*ers have also been introdu E ab the abutments and abutm«nt piers, which beosides
adding, to thea h tectinal effoets afford means o{ approach to all the fos ﬂz.l,pw ts of the work,
and provide quarters for the patrelling establishment of the em‘i(xm«dn ent. Still water gauges
have been prov‘[iml on both ilonks, up and down stream, 0 as to allow of high floeds being

fv reeorded. ’ :

it E‘ue caleuiation

jor in width of agqueduct.

Other altevations,

n h ] hy ¥ ..
g of tho land wi

R,
L

hio on

stability of abutments, abulment piers;, plers, river and sanal
" it wmgs; have been worked oubin greau(‘“i ail, '.1h arch 1as
Caleulations for stability, .. ?
- - been divided into three equal portions; the thickness of the
Thickness of arch, vbra meebing Tac s ade 415 fopt 7 o1
centre portion has heen made 4015 fect and of the side por-
tions 4-58 feet,  The spandril arches have a span of & feet
plars, 17 fect and arch 83 feet t}th Over ihe tnps of the spandrid arshes there will be one
courze of flut brieks laid in Perlland cement, and over the whole of the canal flosr a laver of
yor oL
fing In“ Iand coment conerete, 5o as 10 make i thorous
water-tight, The sides
plastered with Portland cement with the sume object,

Snandrit arobes,

Waterstight faor,

437 thick ; the piling will be 15 feet Jong, and will be driven

of the Canmal Channel will aleo be

FAILURE OF THE KALI NADI

12. The land wings on the left bank of the canal have, to save mas onry, been designed
in the shapae of a double wall, the space between being fillud
up with puddle. The right bank land wings being of a less'
' ) , width, will be built up &ohl The wiver wings bave been
_designed with o berm at B. L. 549'80 and their tops at R. T, 55862, The maximurm flood
level up-sh‘c:m i, caleulated at D850, and down-stream at 53900, hut it is by sno means
certain that thesa levels would be reached with a clear valley, and tl*m:e would be no danger
from the wings being topped by o =mall an amonnt: for a short time,
13. The nadi *md m“-tl approaches are shown clearly on the gemeral plan of the work.
In the case of the madi, the centre set of 5 5 spans has been
taken as the waterway for ordinaty goods, and this will be

Land wings.

ﬂ\/(u

vings.

Nadi approaches,

TrERSRYa (l down {o b‘)d tevel (53:- OU) ()p;{r{?SltU the two side sety of ¥ gpans ])l‘l‘fﬂa witl h@
left at B, L, 540:00C, or 6 feet above nadi bed, -~ A good splay will be given above and below

the aﬂwuxuu, to both the central channels andd the herms. In
the case of the canal, the 'xpp’*o.xm and exit wiil be neatly
enrved in, and the slopes pitehed. A the exit the !)eu will also be pitehed throughout as a
protection against the extra velocity at this point. .
14, As l’f:gdlda torning the a:z}w.g, each seb of five spans will be dealt with separately ;
th -will be five sets of centerin: s, cach about 82 fect long,
equ;d to oue-fifth of the whoiy Jength of the areh from
face to face. - Each arch will therefore be turned in five sections, the different seetions being
joined together by masonry wedges built aftetwards, See —rkduh below e )

Canal approaches,

Centerings.
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© 15. The whole site wul be enclosed with embankments well above mazimum fload level,
so that there ean be no interraption to the work execps
periods of actual rainfall,

16, The works in connection with the main aqueduct but
o subsidiary to it are— '
iﬁ (1) Preliminary—Under this head come Su veys, Boring Fxperiments, Groynes,

g

u}?rétecbimx of site by embankmorts,
« Subsidiary worke,

Trec Spur ptotectiou at site of breach, Masonry Cutlets for
‘ draining Aqueduet site, Recovering Stores submerged by flaod,
and Temporary Bridges 0\:91 Kali Nadi.

(%) ‘Bailways—The lazge quantity of stores and materials veguired renders a braseh
from the Cawnpore. Achuneyra Hailway absolutel ly necessary,
and the prozimity of the Kasganj Station to the aqueducs

te facilitates the connection. The main braneh is 2+5 mﬂa Euz‘zg and the

. 4-’;’5;‘1«:g3te Iengrth of ;m-m':f required 33 86 miles ; the total leng i
ba provided iy thevefore 63 ”mLh
{8) Buildings~-Under thiz head i

Prclimivary,

Railways,

r the la
50‘,’&.1; E
i

su‘uo}:dmmm
e ;extens
and wellg :rr»qmrm in connestion w . ut buildings.,

('4’) Canal Diver %om- ~The flood of Getob 884 only par ially Jamage
dﬂct and after casry tng nut the necessury tepairs a sapply
2s passed over it i Deceber 1384, which, by means of o
diversion ronnd the new site, 1 was hoped to maintain until thc new aqueduct
was completed.  Work on this diversion was pushed on vigorously, aud it was
ez “IY completed when the great flood of the 17th July 1885 carried away the

Buildings,

'111 a LLU.

the old aque-

Canal di version,

remains of the old 'Lqucluﬁf, :md rendered it impossible to maintain a supply

across the breach., The diversion bank is now utilized as a protection to the wost
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side of the new agueduet site, butb it is nesessary to prﬁvide Aor the,, expenditfxrc
incurred: up to the date of the great flood.™ - § .
(8) Nadi Diversion It will be seen from the (r.mnpmbme plan, of the ‘VOX’L.‘: that the
N
Wadt Diversion pm'xtmn of. the new. qz;f»du\t necessitates the diversion” Gf the
nadi, and the oppnmzmtv has bégn taken to straightén its
course by cutting off the long loop commencing at abiput a mile above rmd ending
. about 2 mile Le.u w the canal oro The ave mma "bed width of the natural
o ghannel of the nadi is ahont 80 lLLt and the nverags HE epth of diggihg along the
line of the diversion, with 2 bed slops of } Yoot per mile, is sbout 12 feet. The
cross sections to be adopted are sLeh‘hed bc]o V R i
: . . * *
L Growrid. \
------ eV U LT R e e b
43 o spoil | . o
74 !
s N i
SRS M Hem-no20---
{m 23
a v v
‘ ’
s L0 R ERIETEE T T -
From. Junction. of fscape L"»’: S SEOTL w 104[
y {é;O/ e Lt .:";".'... R EEE PP
V R .t)—-

The berm will be 5 fcet above bed ‘hi‘mmmui, and as tlis is about spring level, the
xeavation of the centre channel will be all © wet ™ earthwork, wm]e that of the
upper portion will be dry. The spoil, excpptmﬂ in the wide mrtlom above and
below the aqueduct, will be nowbere more than 3 feet high, so as not to obstra ich
high ﬁoods, and Opl-*nmm\ through it will be left at every 200 feet. 1t will be
leveiled off so as to he fit for eultivation. . :
(6} Fsoaps Diversion.~The Nadrai Escape, which now runs parallel to thp eanal, will
be divided so as to give it a proper pmdmn with the nadi
diversion, which ii wou‘d otherwise j Join at right 'mgla,s
(V) Filling in breack and;n'da’lwg bed of vanal t/irmzy/iomf the Em&'mfé:rf-w{ ~—The total
length of the breszch is. B30 feet and the mean depth of seonr
below nadi bed 1z 27 feet,  Up to nadi bed the filling in will
have side slopes of 5 to 1. At naci bed berms of 20 feet will be laft. A second
berm 30 feet wide will be left ut R. L, 56100, the side slopes from nadi Led to
top of cmbankment R, T 571'00, being made 2 %o 1. A layer of puddle, & feet
thick, will be laid across the breach ab nadi bed level, and core walls will be car-
ried up from it to within 2-feet of the top of the bank., The bed of the em.
bankment will further be covered with a layer puddle 1} feet thick tbrougbou;«l;
the whole length, from the north regulator to the Hathras Road Bridgé,
(8 ) Miscelloneous zwrls.—»'lh: following works are grouped together undcr Miscel-
laneous, as it i¢ difficult to find a snitable place for them
under the other headings :—
(2). Work done on Hathras -Barellly Road Bridge.
(B) Loss of stores during floed of July 1885,
{¢} Well and shafting for turbine at 14 feet fall,
{#} Clearance of umal bed from head to mile 33.
The only item that calls for remark is () Cleavance of canal bed. Owing to the small
supply which can be vaw'fzor the head at Narora during the cozstviction of the new agueduct,
there will he a considerable growth of weeds which it would be impossiila to keep down with-
out ineurring a large annual expenditure. There will also be deposits of ilg owing to the
accumulation of weed, and these deposits, even if cleared away every year, would be sure to
re-form. 1¢ will therefore be necessary to allow for & thorough clearance of the canal channel
just before water is passed ever the new aqueduct. The cost of this clearance is estimated at
150,000, ° A

Eseape Diversion.

Filling hirench.

Miscellaneous.

J. G. FORBLS Colonel, IiL.,
. Chief Lungineer.

Lievrel,

43 lasp.
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A short accaunt of the work done on the N fadrat Agueduct frov,.. the commencement to the end of
October 1657, as called for in letter No. I4d L, dafed 8rd August 16687, from lhe Secre-
tary to the Government qf Fudic, Public Works Department.

The prograss to date on the above works for the important items is g'vou bclow leaving

T—A« ploduct for the last. :

11— Preliminary.—Under this are included Surveys; Boring Txperiments; Earthwork
in Groynes ; Bunds across Canal Channel above and below site of work ; Tree Spur protection ;
Masonry Qutlets for P tmmmg Stations during flood ; Temperary Bridgs over Kali Nadi,

The works contemplated have been earried out including two lines for borings at & distanse
of 200 feet front centre line of Caval an each side, the bore holes being ut 100 b feet intervals,

Phe resulting geological seetions had an important bearing oh the designs’of the aqueduct

foundations. .
111~ Railways.—These consist of (1), a branch line from Kasganj Station, 12,500 feet
(2} miles) long, and two sidings nggregating 13,500 feet.  The work is all comyplete, and the

Sniy

cost compared with the estimale is as follows -
v

(1) Fstimates \ . 11 02,000 B Cost . . . .
@ . . e 3 Lo . . “
1,02,0600 . - 1,00,549

nildinge.—Incinde Officers’ and Sobordinates’ quarters; “"fn""'v'x'xo; Buildings and
Enelosures ; Hogpital ; Store Godown, &e, They ave pr‘w*' teally all complete,

V.—Canal Dirfﬂirm ~This work was requived in accordaunce with first 4‘%’@541'5)1':1 for new
aqueduct; a portion noé forms part of the circular embankiment enclosing site of present work.
The actual cost was fouand to be RY6,333. ‘

V9L.—-Nuii Diversipn—about one.third of the total quantity of earthwork bhas been done,
but all the wet excavation remaing, the expenditure being cnly  R13,000 }to end of September
cannob be etmmen: .zhwﬂ the aqueduct nutil

against an estimate of R1,00,600. ork
centre bay is arched and ready to pass water, and on the dewn.strearn side the wide portion is
coverad by a cireular mxbun_kment,, so that practieally worle has been limited to the narrovw
portion of chanuel below, and this has been exgavs ated to & aving level, '
V11— Eecape Biversion —Ove-fonrth of the wo
VIT1. mJ’.{h,ﬂ,»; fm ek eTromway made at o

3l fsr«[ and remaoving

A

to he HHL The ==W)e‘s‘;d§-
L8000, O eourse, this

At present the erder is
f1in 26, thug

eonsists of puddling «
ture to end of Se p
t
!
1

work cannst be put ir Eanti inlly ant
to reduce width rench to BOD Eeet, and finis

T i e r P g
Loorertéieideread.  Secfion,

J‘r_) ?CI(‘,/"

e i et e e

Ala v':‘x,.:‘.'IIJ‘ZJ" Frrai

Lienal

BT T e «frljw .m;;-rr,rmﬁ IR

,«Mvﬂmmrr’v/’ R

I1X e Miscellzgopns, ~This estimale ipcludes Lxpeaditure inourred ; "
Bridge before flaad of 1885 3 Lioss of Stores Ly that flo nj ; Temporary Dridg 1 s ﬁxnc* £
ing old Aquednet, e mh*:a'at wra is heing taken of the prozimity to the Wm‘ha of he 4-Teot;
fall in the em'uyp to snf up a turbine for erm:‘nn « Tune, which. will be veady in less than two
months; and although 16 has arrived ;o»mre\*uh.?at. Tate, 1t is aoticipated thet very considerable
saving will ba e {Le,ied_ Ty the emp! rymf‘ut of water powet, A careful contour survey of the
nadi above and below the welr gite is in hand with a view of designing the necessary trainiug
works in the river, althongh it wili net be possible to can y them out until the squeduct is nez;r
completion,  Clearing canal bed hetween Narcrn and Nadrai of weeds, silt, &e., necvmalating
during construction of aqueduct is o very uncertain Hem: the extent of work to be done can
only be aqﬂer‘ ained wlte work is actually put in hand, A saving under this head is possilie.

After deseribine 1he preliminary and sulisidiary weories, T now proceed to give an secouns
of the progress mﬂde on the aquedues proper taken by sub-heads. .

H



ILURE OF THE WALL

F
GF THE KALLI NADIL AQUEDUIT.

£50
et T—Aquepuor Propez 30, Conlingenoies ~Lhe expen -‘iih_zre’ on ﬂm head 1o end of

L m e o e e against an estimate of 311,531,089, aed is about 1§ per cent. on the fotal axpen

ok, Digo=—Work is practically done, Tt ineludes exenvatio ok

v gite and fouedation pib to ,ﬂpmw level, the soll from same h:;:ving come in for .
eonstroe ion oi’, eirenlsr bund enelesing works, } o £.26.000
2, Ir Lhaward, el ~ Inciudes excavation from a P——
der»ﬂx £ 10 feet, down to level of Dbase of pie Total exponditure, less malerials b site e e . - U‘.‘L’ G'I
on which mmount the confingencies fall o little over 2 per cent. T

vk L\“”!”(‘(. to date 1s ™ ‘inel ﬂqjl\' o rersy ‘".ﬂ 1 as EL!:%GVE’ L‘;H!]. 1 excavat-

Mos. B, 6, 7 and 8 to about R, L. B
- - o 2 . - I H 3
Fudd] e,~—-'}.} 1% iz in cocnpechlon with nated to cost _1&1.1._31‘,3». Tdine mati The touzl guantity of lime required 18 . .
‘ f s Quantity | tured and ground to date . . . . .
yusntity whx.c}: thare is kunkur ag aize (800,000 ¢, fect kankar )
3 A % ¥ ] -

enditare to end of September entirely eonnected with sl 4o be collected fur o, ) . ) ) o

No

(e

bayond callee rm

<oec gt 3,718,203

. " 1, SO0,000 at 29+7
1,851,000 net hmwn yeb
stadd

ALila

. 33
this head h.1 therefore been ex
s requived is 495 lakhs, and of th

iply of the remaiuing 130 lakbs before

About §ths of the work mczer
Tirs total quantity of brick
provided and o contract entercd into for the s
1}:%&%“
8. Brick

365 lakhs have i

2

July

snf =0 expenditn

Brickwork ime,~=This is temporary mvi them
belo*v sypring lovel,  The progress to date is ng follows e : ' . . o
M P . Totalin Aqueduct .} 4,365 | 4606 | 2805 2831 4370 | 7437} 14507
. B . . . . o it 393 "*'1 at
. to end of September . . . : - ‘ -
; ORI ; Lol 3 332 T 9 . ) e
The low rate is due to the nse of bricks in mud, but this is not satislactory and has been Doze to em} of Beptember . . i 43320 12861 27500 L0 7,001 2,408
u e Dogpe in October . . . . . 49 267 3 144 i 413
up. ' |
10, Coacreée in & : . . N . i -
11, Concrefe in ‘ Total to end of Getober .| 4,381 1,553 1 2,708 i 1.325 7,043 | 25878 | 10091
nh*w ()H‘ierﬁ to he .
Balance to be done . i8¢ | 43
i

¢

oll-ginking--20"") The progress to end of € v 18 8ho Rosting
on clay,

Ditto  ——13" b marked A and B appende
Ditte  —12'

1t is seen from statement B that wells in the two abutment piers and intermediate plers e RN N
of the centre section are all sunk to full depth with exce pticn of two wells in No. 8§ pier and gﬁi‘ﬁ\?@{m“t - - . 3 21 26
. er No. ..
three in No. 10 abutment pier, and these five are in the last stage of sinking. We are therea ! r: 3 < S e E
3 M -1 * . - . . LX) s \:
fore ready to begin concreting at onca. The wells in No. & m.m.tment pier will vot be con- » 3 S A G
creted until these in No, 4, the adjoising prer, arc all down fo full depth— : » ‘5{“' ababment o ) . . I €
! : = papn _ AU s (abutment pler) . . .
Jhstllk’latﬂd . . . . 20’ ywells i},‘u-ﬂh e ft.oat I 33 B 1,:“5,998 :, 6 , p . ) ) : “ee ves I
Taoeuted . .. 200, 3838, ab , 2063 ,, 89,400 »g e
- ot . 8 LER) viar me
oy g N N p . )y . » . N . . v
Estimated . . {:j» ” }9.-17 Loy oeb o, 260, 220104 Y9 Do ¢
Y . - I al ik i) * e e rer Voo e aar ' )
Hxecuted - . . . ditto 5618 ., ab ,, M9, E3M00 . ” %9 (butment pier) . N ‘ ers sue Y res o a3 23
The executed rate is low, because a large proportion of the progress is through sand only. . 12 . : . e e L
: ¢ - S . ) b e ‘ - v wrr aay € = pee i cen ! .
82, Trow railings— I : "3 R B € IR IV B
9 g by R . & . . . . . ; { ; .
23, Sheet pulag Sopth abutment . ) : : ; + 2 ean ™ ,{ ! ey

94 ITron-swork wroughi—

85.  Ditlo . cost—

26, 27, and 28, 1ell Kerbs—These are all completed at estimated cost,

99, Centering—Lst nate is for iive sebs of 6 contering ﬁr'm‘x ,each at BI4,000 per set,
which atmcunts to 170,000, Three frames have been wade for pmpasm of testing.

5 Mo expenditure,
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