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ENCLOSURES.

From W. HUGHES, Esq, Superintendii]g gineer, VI Circle, to the Chief Enginéer for
Irrigation, dated Trichinopoly, 12th June 1895, No. 406 T.Q

I beg to bring to your notice a valnable and suggestive paper on ‘“The Prevention  of
Silting in Irrigation Canals ” by R, G. Kennedy, published in Volume CXIX of the Proceedings
of the Insitution of Civil Engineers, and to suggest that some similar observations might be
made in the large irrigation tems of this Presidency, or in fact any place that there are
distributaries, which receive a fairly constant supply and have not been cleared for some years.

2. The observations of the silting of main canals, which are being made under your instruc-
tions, will be useful when tabulated, but I doubt if they are being made with sufficient purpose
or system. g 2

From J. FORREST, Esq., Secretary, Institution of Civil Engineers, London, to the Chief
Engineer for Irrigation, Ma , dated 9, Great George Street, Westmi ster, S.W.,
22nd July 18

In reply to your letter of the 24th ultimo, I beg to say that there is mo obj
reprinting—for circulation among the officers and subordinates of the Madras
Department—Mr. R. G. Kennedy’s Paper on “ The Prevention of Silting in Irrigation Canals,”
on the understanding, of course, that its origin will be duly acknowledged.

I have pleasure in sending by book-post, for your acceptance, a copy of the pamphlet edition
of that paper, which may be useful for the purpose in question.

THE INSTITUTION

SECTION I1.—OTHER SELECTED PAPERS.

(Paper No. 2826.) .
“The Prevention of Silting in Irrigation Canals.”

B‘ RoBERT GrEIG K3 YEDY, Executive Engineer, P.W.D., Iuaia.

One of the most important and, at the same time, most difficult conditions to ensure in the
coustruction of an irrigation canal, is that no silting shall take place in it. e observations,
upon which the results described in this Paper are founded, were made upon a-pertion of the
main canal of the Bari Doab canal-system and extended over about 90 miles of its lower reaches,
This canal discharged at a maximum rate of ahout 1.700 cubic feet per second, and included
about "twelve distributing channels which had carrying-capacities ranging between 30 cubie
feet and 250 cubic feet per second. -The Bari Doab canal-system is specially valuable for observ-
ations of the kind under consideration, because its channels have assumed permanent sections by
silting or scouring, and ‘all the sites the data of which will be h&reafter discus »d had silted bec 8,
often 2 feet or 3 feet deep, deposited during many years of steady flow. No silt was ever ¢ d
away from these reaches, and therefore for a considerable time the silt-transporti g power in
each has been just sufficient to carry all the sediment brought down ; and each reach could
have carried neither more nor less than this amount under the given conditions of width of be B
depth of channel and velocity 6f flow. It has been invariably found that the form of the cross-
section thus artived at is nearly rectangular, the sides being vertical and of fine sediment, and
the bed horizontal and of coarser sand.

Thus by observation of the various widths of bed, depths of channel and mean velocities of
the stream at each site under normal eonditions, means are afforded of discerning how these
three factors must be varied among themselves to ensure that no bed silting shall take place.
When this is attained no trouble will arise from side silting, which consists only of the finer
particles and which takes place, as a rule, only when-weeds are allowed to grow upon the edgg of
the canal. During variations in supply, the thickness of the silted bed was found to vary blig&]y
through a few inches. The mean ve ocity of the stream at each reach was deri ed Fom the
known “ full supply ” discharge and the measured cross-sectional ares .of the channel. . Accord.
ing to the system of distribution adopted, each distributary was, as far as possible, alwaysg
discharged with its full supply, the total discharge of the canal being only sufficient to }.1\»\&.:19
at one time for say nine out of the twelve minor channels ; so that us ally, neglecting loss b
absorption, the sum of the discharges of the distributaries open at any time was equal to the
supply in the canal. . ;

In these lower reaches of the canal the amonnt of silt carried for any given discharge was
more or less constant all the year round, though it was by no means so at the head. The extra
amount of mud i the river-water during summer was deposited chiefly in the upper reaches in
which the velocities of the stream ‘were least ; but it was again picked up and carried forward when
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; fl‘h_e equation V, = ¢ d™ = 0-84 "% is therefore identical with V, = (%d)hﬁ, Frapasraan. 5 . 5
= 064, or n = 2'56, that is to say, the silt-t: in .
3 ; ’ -transporting power of a . g :
velocity raised to the 2-56th power, or approximately as VI?;. Both p ':ggazl i taghiosionic, APPENDIX.
fractions, and vary together with the character of the silt carried in different ;::1131; Do ey M —
. . . A f w a.
~ The rate at which silt is deposited, when the mean velocity falls from an iy 2
necessary to prevent settlement and to carry the full quantity p, can b fy - o o Tusta' L<Detaily ‘ot Dolesied "
. Calling » the quantity of sediment which the stream can carry at the em:;jﬁl : als follows :— :
- 1 ¢ avtdl 9 .
quantity carried at the « critical velociy ” 'V, for the given depth of channel beiv:goc;,tyazti tae Full supply | - d-widtn | Depth ot L.
. . % b -] . ’ oy velos
carrying power varying as Vs, it Sl el 5 Skg Ve 153 Y_ - ’ Channel. feet per in feet. water for f‘x:zllly or
: 02 PV, orae= : full supply.
et 3 i : L v,| As, however, the i '?f;’\“d' (®)- (d)?p ¥ ansﬂy.
supply channel 18 presumably in permanent régime, and carries i : s : . (Vo)
o 2 " es I 3 .
of sediment deposited will be— ; 2 ts proper quantity p, the fraction Bari Doab Canal—
. . - V\s . " e : M.B.L. 2 miles above Bhuchar ' .. o ok o 1,250 70 - 65 2.81
i p—ax,0rp 1—(=)2 : P Just above Bhuchar Fall ! e we %% 940 66 57 256
. ; = e 5 At Jamfn ' .. % el by Vi 940 66 55 2:55
» Th 1 £ p—w & . : v : . ﬁgzve Iéglhaﬁ;mBSdge “ W oo . 7(5)0 61 50 233
e values 0 corresponding with s S o » ; ve Bham ridge . . . 650 48 55 2:40
’ : P g with several values of Vo are given in the table below ' __®  Above Gandian Bridge'® 5 & %a 390 36 48 2:95
which shows how rapidly silt settles ad soon as V falls below V, :— T Bmfgg:? E::ﬁ-ahﬂb““l Rajbaha' .. o . s 85 16 30 170
. : Amritsar Rajbahal® .. e oo o5 120 14 40 2-00
: . : Doda Kajbaha! .. i 4 L2 70 12 30 1-80
v i BhuchaxﬁRajbnhflL‘ 5 oo o o 220 22 45 2-15
—_— 00 01 02 0'3 ’ 3 3 2 Gilpan njbaha . e ve % 75 14 30 170
Vo > 04 .05 06 07 '8 v : Kanha Rajbaha® .. o e e 65 15 26 1-20
o 10 Lulliani Rajbaha’ .. 2 i i 64 14 28 1-60
3 ._ | o L . ; : it & - - - 1-40
. Bari Doab Canal observed in 1894—
P M.B.L. above Ralliali Rapid? .. o v e 1,700 86 68 2-90
g ; S : Thriawal Bapid? .. or o o 1,700 86 7-0 2-86
Mk Another case, curious in _1ts result, is that presented by a chanmel in designi : ; " < ' Doburji Raja. head? A L % 1,700 84 69 2-91
cient slope to prevent silting in some degree is unobtainable. The ¢ esigning which suffi- » Fatteghar Rapid * o . 1,500 . 80 66 283
stream will silt least, and thepefore cost least in maintenance wh Toss-section, at which the ; g B " % 2 it e e . o
is det i T " ce when sufficient slope i . Raja. heads Turkwind Raja.? .. 5 L) i 142 18 39 1-90
is t]i ormined as follows :—The feeder canal or river being assumed to carry i 1:P’e isunobtainable, - Raiwind Raja.? 138 18 3-8 2:04
®) . . : . ) r 1 s # .. .. s .. L)
7, tho ortion of the slt deposited as above for any velocity V and deptl R e Ty e T Channels in which the siting of the bed is not complete.
; 5 ’ oab Canal— ;
p—w=2p (]_ e (‘L) Q‘) =p i VYV _g_ t M.B.L. above Kathunangal Rapid 3 % e N 1,700 86 78 271
Vo san) s % _ ,» Jethowal Rapid* .. i . ¥ 1,700 1 91 70 270
v : 3 : " %ﬁm hl‘arr}a{n -‘},“{*d: . S = 1,500 76 72 2:74
. . . . : " " uchar hajbaha .. .. . 1,260 83 61 i
This expression is a minimum when the expression Tgn e maximum. In tk : \ " Bhuohar Fall® .. 35 i . i +1 51 3;{,
S & ¢ A . e case of a rect- . At Sohalfoot Bridge® .. .y e ¥ 1,250 82 62 246
: =bdV,—=Db Sl L . . ' : N Ou. Ugpw By -
angula'r Ownnel’ where D i, S0 tl."' atte - ¢chdmn+1 which again for any given dischar Katora Canal near head * e . : p;:fr 5 J .C’anak 633 50 52 252
2 D is a maximum when b d"‘h'" 1is a minimum, that is to say, b d'%, From all th ge Katora Canal near head? os .o or o 924 l 65 65 ' 2-59
t1 o. giving the required dischar : BYSR e possible 8 ORI I
:ﬁe 110115’; tlﬁref‘é’r s bg dl'“'gmush bqe ekl Ige with the avajllabl.e SlOPO, that omne which bl‘f)ss ; 1 Selected channels in which silting has come to its limit.
e least valuo or S . In general, this will give a. comparati T Bes 5 2 No alterations made in water-levels or sections for many years, silting complete.
: depth ; but in the case of larger channels, at any rate, this will not be-less th paratively small 3 Crest raised in 1891. "¢ Rebuilt in 1889. .
canal design. . . : an 18 quite usual in : grest. m}d water-levels raised in 1893 spring.
: ST d ; aken July, 1892. 7 Taken July, 1893.
The case is & eo%mmoxcx1 one dehmlt at the head of a canal, the question ari y s
1ve iti silt deposited, with v i : : rises ¢ - R S § :
relative quantities ]‘:. I th s ity ery turbid water inhe river, at high a das to the ' Tasre T1.—Minimum longitudinal slopes of, and velocities of flow in, channels, required to
- charges ; and in which there exists thd option of discharging at a great and low dis- ilting for given disch i 1
e Erioation requirements tho: surplEis sheinngdimbeed % + greater rate than is needed § . prevent silting for given discharges and for various depths of full supply.
b ’ sed O escapes or ; s (8
For the tow discharge 1etbth¢;>l data be Dy, dy and Vi ; and for t}y;e higl}:er %:‘t}(l[er d?iwvn the canal Calculated for N = 0-02375. (Kutter's Formula.)
gilt ratios in thie river at both p1, presumably greater than p which th » (2 and Vi3 and th' ‘ ‘
2 v A € can 2 e . 2 i F ] ini g A
channel has finally adj usted itself. The quantity which can be carried at a%}fea ndf?arl;:y when the Discharge dedmininger o et oo weite e o
1scharge Dj ig in cub Mini T Mind i
5 k 5 ; ! 118 in cubic inimum > inimum | yee o Minimum .
(0 g:m )?’ and therefore the qu&ntlfy which will be deposited will be P'l'— P ( Vi )% ,p i feet p('eir Defptl; in nieapt Lﬁ;’{f‘;g? Dafptl: in Teqn h'gf]lll!;::'l Depth in n]mm l%g]xm;’:rm
£ ; L f — ] 4 S second. eet. velocity eet. velocity. feet. . velocity.
) T S : cdym - 1,000. 1,000. 1,000.
. The total amount of sediment deposited at the discharges D) and D SR B Vo. ’ Vo __,L__———
. then be— : A 2 respectively willk 3 10 21 1-30 0-50 2:0 130 048 18 1-21 0-43
; . Vi Y3 e 25 25 1-51 043 24 146 0-37 22 139 034
D pr—p m 2 : and Ds(pl——p 2\3 . 35 2-8 1-63 039 26 155 ‘084 24 1-46 0-31
' | 2y gl BB e e e
: i : g . 4 : : : T4 02 2 166 02
As a case 1D ponpt, it can e ghown that if py = 3 p, and the width of the canal hed i & 100 37 1:94 031 33 1-82 0.22 3.2 1-70 0.22
the amount of silt deposited in the canal with a depth of 7 feet is 1:69 time ﬂft gd s 309 fogty T 43 T . % ot e %2 177 036
3 a depth of 5 feet; and in general, by actual trial it is seen that except for vera 1 ep(;ﬂ;ed h : 176 43 213 0-28 39 3.0 o 4 e i
the second of these expressions 18 greater than the first. It is therefore erro y low discharges, 200 45 220 0:27 40 2:04 024 36 1-91 0-23
discharge in & canal-head during heavy floods, on th : oneous to increase the 250 48 Se 036 o 210 024 : ' 4
_discharg iy s i , on the assumption that at its increased veloci 300 50 236 026 45 2:20 0-23 i.g ;.98 3.?;
B oekfiot by oy Bt 0o i o et B B om)| o) ) ) B &)
o Paper is accompanie a tracing fr i : : : z - -39 0-22 43 213 0-22
The Paper 18 P y g from ‘which the Fig. has been prepared. : : 450 &7 |  2.66 025 50 2:35 022 o 217 oy
s ' b00 5.8 2:62 0-24 81 2:38 002 46 293 021
600 61 266 0-24 53
; : 3 . ! i 244 0-21 48 229 0-21
A ; 700 63 2-78 023 55 250 021 3 g 3
: ; i 5 50 2-35 020
. g A 66 2-80 023 58 2:62 021 i . e
: 900 68 2:86 022 59 2 “ i god
’ [ArpENDIX. 1,000 7-0 2-92 022 60 et g as e s
B2 : 1,500 78 312 021 : - o e vt yis
: 2,000 85 | 381 020 7 e by 4 .2-+4 e
: ; 4 1 8:00 019 [ 66 2-80 018
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