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Discussion.

The PRESIDENT, in moving the vote of thanks, remarked that The President.
the subject of the Paper was rather specialized, and was perhaps
of greatest importance to engineers practising in countries subject
to wet and dry seasons and to occasional intense falls of rain. The
substantial accuracy for practical purposes of the formulas described
by the Author could perhaps best be tested by applying them to
existing channels, and that was what the Author had done to some
extent. The formulas and views of a number of other investigators
were also discussed, and at very considerable length ; in fact, the
Paper might be regarded almost as a book of reference on the
subject.

Mr. E. 8. LiNDLEY observed that the Author had given him credit Mr. Lindley.
for certain data which constituted about half of those used in the
Paper. It had not been possible for him to furnish the Author
with his data at the time, and the Author had had to measure them
from the rather inadequate published diagrams. There were two
reasons why Mr. Lindley had tried to advance the subject. In the
first place, it had long struck him that, as Mr. Kennedy’s data were
derived from one observation on each of a number of different
channels, there was no guarantee that the silt-charges of those
different channels were the same: Mr. Kennedy had offered a
mathematical proof that the silt-charges must be the same, but had
abandoned it later. The second reason concerned widths : -according
to Mr. Kennedy’s rule, as long as velocity and depth had the
necessary relation, the channel could be narrow and deep, or wide
and shallow within wide limits. As a next step, Mr. Woods bad
put forward a set of normal data for the design of Kennedy channels.
Such dissatisfaction as Mr. Lindley felt with those data came under
two heads. TIn the first place they provided only for the one
standard condition of V. In the second place Mr. Woods's curve
was far from smooth. At that time the channels of the Lower
Chenab canal-system had just been surveyed for re-modelling and
for fitting Kennedy gauge-outlets. There were 2,700 miles of
channel, dealing with a total of about 11,000 cusecs. Obviously it
was not possible or even necessary to take every point that had
been surveyed, and he had therefore taken the mean dimensious of
one typical and regular mile in every 3 to 5 miles. He purposely
avoided trying to select sections in a state of regime according
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Mr. Lindley. to his or anybody else’s opinion. Such a selection would in any
case have been impracticable, because when one was liable to be
transferred at short intervals it was not possible to gain sufficient
personal knowledge of channels. Inthe second place there was a
feeling of suspicion about any selection of data : that that feeling
wag justifiable was shown by the fact that, in the discussion on his
Paper! describing his investigation, two speakers quoted to opposite
effect figures relating to the the same set of channels. His aim had
been, therefore, to take the whole of a system and see to what the
average would Jead. He had obtained 786 points, which was one in
31 miles on the average. The surveys were only of water-levels and
bed-levels, which gave gradients and water-depths, and of surface-
widths. The areas had, therefore, had to be arrived at on the usual
Punjab assumption that the channels were trapezoidal with side-
slopes of L to 1. Any figures of discharges or velocities had had to be
arrived at by calculation, assuming Kutter’s N at the usual 0-0225.
These points were first plotted, a separate plot being made for the
channels of any branch system ; these were then divided into clumps
at right-angles to the general trend of the line and averaged. That
yielded about forty branch-average points, which were combined on
one plot. Where there was any scatter, groups were averaged, and
so the exact position of the final lines was arrived at. As was to
be expected, there was very considerable scatter in the full observed
data : in the average the maximum bed-width for any given depth
was about double the minimum, and a ratio of 1 to 4 would be
required to cover extreme variations. In averaging data with such
a degree of scatter it was necessary to consider carefully whether
the averages that were arrived at were fair or not. For example,
the inverse of the arithmetic mean of a set of numbers differed from
the mean of their inverses. Probably the fairest way of averaging
in this investigation was to take the geometric mean. As far as his
data carried him at the time, relations were quite distinetly indi-
cated ; but shortly afterwards he obtained data for the Main Line
of the system, which he had not been able to get before, and those
unfortunately differed, in that the width was considerably greater
than was indicated by the rule derived from all the others. The
Author, by relating the velocity to the hydraulic mean radius, did
secure a law which increased the width more rapidly for wider
channels, To that extent the formulas derived to express Mr.
Lindley’s hypotheses failed. He had still feit it necessary to have
some formula and principle of design, so he had made another
attempt. He took Mr. Woods’s normal data, one of the principles

! Proceedings Punjab Engineering Congress, vol. vii (1919), p. 74c.
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of which, going back to Mr. Kennedy’s rules, assumed an upper Mr. Lindley.
limiting velocity, and therefore an upper limiting depth for any
given silt. He did not accept this upper limit, but his data had
proved inadequate to yield an improvement on it. He reduced Mr.
Woods’s data to a formula and again tried to amplify it by making
it applicable to different silts and different critical velocity ratios.!
That Paper was not based on any new data, and he had still felt
the need of verifying the velocity-depth relation. To that end he
had initiated an experiment which would deal with the same water
carrying the same silt, and so avoid any possibility of differences
of silt-charge. He had taken a certain channel, starting with its
own natural width, and then confined it between slowly converging
walls which would compel it to scour. It was, of course, necessary
to provide a sufficient depth of silt for it to scour. If the velocity-
depth relation were, say, V = KD" it would be found that W
varied inversely as D"*'.  He had been rather surprised to get the
extraordinary result that WD was a constant. The area was
constant and the velocity, therefore, was constant ; there was no
velocity—depth relation. The flume, of course, was comparatively
short. The convergence was about 1 in 15 to the point where the
width got so narrow that an unnaturally steeply scoured bed might
be produced, and there the rate of convergence was reduced. This
discussion did not give enough time to deal with other data in his
possession. The Author gave in Table I different critical velocity
formulas and said that they were not comparable. It would be easier
to visnalize how they were related if it were taken that the velocity
for a depth of unity was the coefficient given in the Author’s first
column, and the velocities for a depth of 10, namely 3-67, 3-38, 2:38,
3-08, 3-53, and 2-09 for the six formulas respectively, were added asa
fresh column. When working on Mr. Lindley’s data before,it had been
necessary to determine their relation as accurately as possible, with
a view to extrapolation. The Author had now produced data well
outside their range ; he had also arrived at formulas with exponents
in round numbers, which had at least the semblance of a rational
basis; so now the problem was quite different. It was necessary
to determine, due allowance being made for natural variations,
whether they fitted in with and did not contradict his conclusions,
and, beyond that, to confirm his numerical coefficients. It might
be more clearly realized how closely the river data did confirm the
Author’s conclusions if his comparison was looked at in detail.
On the river Ravi there was practically absolute agreement, not
between a measured width and his calculated width, but with

v Punjab Irrigation Technical Review, 1925, pp. 69 103.
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Mr. Lindley. what the engineers had arrived at as the proper width for the
river. That was of some value. In the case of the Chenab there
was a difference of only 0-3 per cent. With the Ganges it was
5} per cent., and for the Lower Ganges 2-3 per cent. On the
Irrawaddy there were two possible figures, which gave results of plus 6
or minus } per cent., and on the Jumna the figures were minus 0-6
or plus 43 per cent. Considering the nature of the investigation
and of the facts dealt with, that was rather remarkably exact
agreement. A useful device for preparing diagrams for reproduc-
tion on a small scale could be illustrated by reference to Fig. 10.
At a casual glance it would seem that there was remarkable agree-
ment between the data and a very nicely fitting line ; but closer
inspection would show that the ratio of the minimum to maximum
values of 4f? at any value of V, was about 1 to 2 : in fact the scale
for 4 f? wastoo small to show fine differences. If the vertical scale
for ¥, was taken as before, but the horizontal scale plotted for
Af2|V S5, divergence would be clearly evident. For absolute agree-
ment the plotting would result in a vertical straight line of the value
of 3-8. Thus the width required for the diagram needed to be only
sufficient to cover the scatter of data, and a scale could be used big
enough for divergences to be measured directly and accurately. In
testing the Author’s relations by Mr. Lindley’s data, it was necessary
to remember that discharges and velocities were not actually
observed. In addition, therefore, to comparison of velocity with
depth and R, and the Author’s P, = 2-668.,/@, Mr. Lindley had
derived two more test-formulas. Substituting the Author’s value of
¥, in his formula (2) gave P,/RY® = 8%,/ f = 8:05 with the Author’s
value for f on the Lower Chenab canal ; and that was a test of
shape. Combining his formula for ¥, with Manning’s, /RS =
JN?/1-614 == 0-292, taking the Author’s value for f and an assumed
value of N ; and this was largely a test of constant rugosity.
Table IV gave the individual data of the surveys of three channels
and exhibited the variations to which they were subject. The first
three columns gave water-surface width, water-depth, and surface
fall per thousand; omitting intermediate calculated factors,
succeeding columns gave :—

(4) The Author’s f = (V/1-17)}/R.

(8) ¥V/D**" for comparison of agreement of the two relations.
(6) RS, largely a test of constancy of N.

(7) The Author’s P/,/ @, which should equal 2-67.

(8) The Author’s P/R"*, which should equal 8-05.

(9) B/D¥®, which should equal 3-8, for comparison of agree-
ment with Mr. Lindley’s previous rule for widths.
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The three channels were each about 35 miles long. The first, the Mr Lindley.
Tarkhani distributary of the Lower Gugera branch, had silt diffi-

TaBLE IV,
1 l 2 | 8 I 4 5 | 8 T8 ‘ 9
! H e e
Ws 1 D ‘ s | 7 }1'/1)0'57i 3/RS | PINT EP/RI'5‘B/D1"”
| !
Turkhani.
40°6 2-22 0°228 | 0-838 | 0-99 0-288 3:70  15-1 10+ 6
386 2:08 0-228 | 0°84 0-975 0-282 3-82 15-7 ; 11+8
362 2-08 0-226 | 0835 : 0-97 0280 373 14°9 | 10°5
33-3 2-40 0212 1 0-826 - 0-94 | 0 272 3:32 11'8 j 75
305 2-89 0-204 | 0 795 , 0-92 0-261 | 3-25 | 11-1 69
274 2-19 0-228 | 0-835 10-945 0°283 | 3-27 | 107 : 72
256 2 28 0-190 | 0-72 | 0-87 0 238 3-23 112 ; 62
21-7 2-26 0-198 | 0°73 E 0-87 0246 3:06 94 | 5-4
147 | 225 | 0-212 | 0-77 10-855 | 0-257 272 | 7-2 | 3-4
14-2 208 0-218 | 0-755 | 0-855 0257 2:78 81 = 387
11°2 2:38 | 0-20110:73 1079 0°242 | 255 66 24
71 187 ¢ 0-32¢4 ! 0:965 . 0-89 0347 2-47 7-0 19
Sultanpukra.
32-8 315 0-250 | 1-08 1-035 0:347 | 263 } 84 ; 4-7
27-4 3-18 0250 | 1:08 102 0345 2:47 | T4 3-8
240 3-01 0250 ‘1'06 1-005 0-337 2:46 : 6°7 3'6
26'6 2:78 0220 | 0°905 . 0-95 0-292 275 1 77 4:6
241 2498 0-208 | 0-86 1 0-91 0-279 260 ! 7-2 36
243 2-75 0218 ; 0°895  0-94 0-287 | 2:70 i 81 42
18-0 3-07 0-190 | 0-785 : 0-835 : 0-252 244 : 62 25
21'6 2+47 0:235 0-915 | 6-955 0°:298 2:74 8:5 4+4
197 2-65 0:220 | 0845 . 0:90 0-282 | 2-63 7-2 35
168 279 0°230 ¢ 0°895 | 0°895 . 0°294 | 244 . 6°6 2:6
163 226 0°222 1 0°82 089 0-270 | 2°74 | 80 3-8
149 222 0:210 | 0-775 . 0-86 0-253 | 2°73 | 76 35
13:9 2-07 0-190 ' 0-655 0°80 0-224 2-90 g1 | 39
10-2 1-98 0-180 : 0°62 0745 | 0:204 | 281 774 0 207
9-2 ' 1-78  0-200 0-62 0-755 0-218' 290 | 77 | 29
Dhaulur,

38.2 403 0:240 115 1-04 0-360 2-35 7-2 36
400 3:96 0°244 | 1165 , 1-055 0-365 2°41 73 39
384 310 0-250 | 1°095 | 1-055  0-848 : 2-79 95 57
334 290 0286 . 1-20 | 1-105 0-388 270 9:3 55
288 3+25 0-180 , 079 ! 0-87 0 252  2-67 7°4 1 38
286 3-61 0232 ' 106 ! 0-99 0-332 2-34 66 | 32
284 376 0:194  0:90 : 0-905 0-281 238 6:3 ' 929
29-4 313 0244 104 - 1-01 0-336 2:56 79 | 4-2
300 2-73 0-236  0-97 0-99 0-313 2-85 94 ‘ 5-4
232 3-09 0-264  1-11 ; 1:025 0-360 2-37 67 1 3:3
18:6 3:05 0-236 © 0-975 | 0:93 0-312 , 2-34 6-3 ' 2°6
17-8 271 0:236 | 0°915 0-925 0-°303 | 2-47 6:8 | 30
166 2 64 0°258 ' 1-01 :0-965 0-327 | 2-41 6:8 | 29
12°6 2-40 2:262 : 0°93  0-91 0-317 | 2+43 67 25
10-0 2-26 0238 1 0°80 0 0-276 2:51 66 2°1

' 825

culties, and distributed 150 cusecs; the others, the Sultanpakra
and Phaular distributaries of the Jhang branch, each distributed
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Mr. Lindley. 250 cusecs, and were average as regarded silt, especially the latter.
The most striking point about the Tarkhani was that the depth
hardly diminished from head to tail, and the width accounted for

TaBLE V.

\ Wy } D i S ; 5w ns ‘P/JQ‘P,RI RUT7

Branch Average Dula,

JB | 57 |[1-03]0°875| 0°89| 096 | 0343 | 3:07:10°2 44
JU ' 57 [1°10| 0°356 | 0-76 | 0-91 | 0'331 " 311, 99 39
MA 5°8 | 1°20]0-442 | 1-02| 1:03 | 0-419 280 | 92 34
GB 5:7 [1°26 0434 | 113 | 0-93 {0415 266 88 30
R 7-6 | 1-24 0298 | 0-81| 096 0:328| 307 | 99 45
JL 6°8 | 1°30 | 0+375 | 0-90 | 0°98 | 0-369 | 2°86| 91| 36
QU 7°7 | 140 {0336 | 0-98 | 1-03 | 0-341) 276 | 891 87
Jv 9-2 | 1480334, 0-96 | 1:03|0-347 | 281 | 91 41
GB 85 11-65|0-356 | 1-07 | 1-000:380 | 256 | 79| 31
MA 9-85 | 1-57 1 0.300 . 0-96 | 1-02{0-320| 278 | 88| 40
aL 82 |160,0327| 093] 0-98/0-345| 2631 81| 3°1
I 10-7 {167 | 0-322 | 1-10| 1:10 0351 | 266 86| 40
R 10°7 | 170 | 0°278 | 0-92 | 1-00 1 0:304 | 276 85! 38
JB 13-0 | 1851 0-238 | 0°77 | 092/ 0-270| 2:90, 87| 42
GL | 14-3 |2:°05|0-281; 0-99 | 1-04|0:330| 2:65| 82| 3-8
GU | 15°1 [2°10|0-266 | 0-95| 1-01 ' 0-315] 2:69 | 80| 39
K 16°5 | 2°10 | 0°257 | 0-93 | 1-01!0:307 | 2:76 | 86| 43
JL 16°15 | 2°15 { 0-274 | 0°97 | 103 | 0-329 | 269 83| 41
GB | 14°6 |2:22|0-256| 0-93 | 099 | 0:307 | 2:61 | 77| 35
MA | 196 | 2:41]0-245, 0-92| 100 | 0:307 | 2:70 | 82| 42
JB 23-6 | 2-58 | 0-222 1 0-87 | 0-98 | 0286 | 279 | 85| 45
Ju 21°8 | 2°77 | 0-235 | 095 | 097 | 0357 | 251 | 7-2| 37
GL | 27'4 [3°04|0-230 ) 1-02] 1-04|0-312| 258 | 79| 41
GU | 836 |3°04,0:218! 0-95| 1-03]0-300]| 2:78| 88| 50
GB | 30°0 |3-12]0-202| 0-90| 0°99 [ 0-279 | 268 | 80 & 4'3
JL 272 | 3-18 1 0-232 | 099 | 1-03|0'820| 251 73 37
R 28:0 | 3:40 0180 | 0-78 | 0°90 | 0-234 | 259 | 6°9: 34
MA | 27°9 | 3-47 0-201| 0-92| 0-97 0245 | 247 | 6-8| 33
JB ' 40°0 | 4:00;0-200| 0:95| 1:00 | 0:300 251, 72 39
MA | 47'5 |4°38 0178 0°88 ! 0°96 | 0°277 = 258 73| 40
R 46-0 | 460 | 0-125 | 0°65 0-82 | 0°197 267 70| 3'8
R 66°0 | 550 | 0°133 | 0°75 | 0°88 0224 263, 69 39
GL 735 1559 |0-187 | 1-01| 1-04 ' 0-319 | 248 | 7:2 | 4-2
GB | 70°5 |6°55| 0152 0°89: 0940270 2321 59 51
JU [ 116°8 | 775 | 0150 ¢+ 093 | 099 | 0°2%6 | 247 | 69 39
GU ©139°8 | 9:16|0°163 | 1-10 | 1-05|0°320 | 2:29| 64 37
ML - 292:0 [9-93]0-176 | 086 | 0-95|0-371  3-12 106 | 7°0
ML 2910 |10°80 | 0157 0'63 | 0°8% | 0°340 3-12 94| 61
\ \ | ; \

nearly the whole reduction. That channel would fail to support
any rule connecting widths and depths: but it was pertinent to
mention Mr. Quinton’s implicit suggestion® that silt-quality fixed
the velocity-depth relation, and silt-quantity ruled widths. Channels

v Punjub Irrigation Technical Review (1925), p. 91.
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were likely to be wider than their natural widths as berm-growth Mr. Lindley
was slow; columns 7 and 8 showed factors gradually falling to
values a little less than the Author’s, thus supporting his theories
more than Mr. Lindley’s. Columns 4 and 5 in Table IV showed that
depths were more nearly in agreement with theory: column 6 showed
more variation, but this would be covered by a variation of N from
0-0204 to 0-0245. On the Sultanpakra and Dhaular the figures gave
quite reasonable support to the Author’s theory for shape, both in

Figs. 17.
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relative constancy and in mean value; the fit for depths was
roughly as on the Tarkhani. Branch-average data were shown in
Table V, the factors given in each column being the same as for
distributaries. Shape was tested by the plotting of columns 7, 8,
and 9 in Figs. 17 ; and depth was tested by the plotting of columns
4, 5, and 6 in Figs. 18. In Figs. 17 the two points for the Main
Line showed width in excess of theory in each case, including the
Author’s; the points under the Author’s theory scattered slightly
less than under Mr. Lindley’s; and average values were fairly in
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Mr. Lindley. agreement with the Author. If the Author’s river data and the
Main Line were ignored, a relation P = 9 E'® could be deduced
from Figs. 17. That would involve changing the Author’s formula (2)
to Af?=4-4 V% A line to represent this on his Fig. 10 would
pass through 4-4 and 2,620 at velocities 1 and 4 respectively, and it
probably fitted the data as well as his line. But extrapolation
would give widths of 1,320 for the Ganges and 1,950 for the Lower
Ganges, and be very much too low for all others too. There was

Figs. 18,
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thus fair indication that the Author was right in taking the exponent
5 in his formula (2); and it illustrated the disadvantage of even
the most careful work on a narrow range of data. In Figs. 18 the
inclined line representing Mr. Kennedy’s relation had been indicated
_for comparison, and shown not to fit the data at all ; the magnifying
effect of this way of plotting could be judged by comparing the
scatter of the same data plotted in Figs. 18 and ordinarily on the
Author’s Figs. 4 and §. The Author referred to elliptic sections.
In the Punjab practically all the channels he had dealt with had
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horizontal beds of clean sand and steep sides of clayey silt. He Mr. Lindley.
agreed with the Author’s first conclusion, that for a given discharge
with a given silt-charge, natural depth, width, and slope were fixed ;
but there was much latitude in width at the cost of the mainten-
ance necessary to keep up an unnatural condition. If a channel
narrower than was natural was wanted, the sides would have to be
protected. If a wider channel was wanted, berm growth was a slow
process and would not give very much trouble. He agreed with
the Author’s second, third, and fourth conclusions. With regard
to the fifth conclusion, that there was a relation between Kutter’'s N
and silt, he agreed, but with the proviso that it must be remembered
that Kutter's N depended not only on the silt but also on such
factors as the straightness or otherwise of the channel. The Author’s
sixth conclusion was a physical question with regard to which there
were not suflicient observations at present. The Autbor had put
forward formulas arrived at from facts. It was perhaps rather too
much to expect that they would be generally accepted, but Mr.
Lindley wished to emphasize that it was very necessary to accept
some formula at least tentatively, and that was the reason why he
had put forward formula after formula. Until channels were left
alone as much as possible, and until they were designed on some rule
that kept nearer to the facts than any of the older rules, better data
would not be obtained, because the channels had quite a strong
tendency to remain as they were designed and maintained. Another
point was that the new canals in the Punjab took off lower down
the rivers, where there was a lower critical velocity ratio. It was
becoming more and more accepted that with lower critical velocity
ratios deeper and narrower channels were needed ; but the principles
of design that were being applied were rather chaotic. When he
tried to get some of the new ideas described accepted, he was
told that his channels were much too deep and narrow; he was
able to reply very promptly by showing the chief engineer one
of his own main lines which was very much deeper and narrower
than Mr. Lindley would have ventured to design it. The Author’s
formulas would not get the test of general use unless diagrams
were provided to save the labour of calculation : in all probability
even the Kennedy silt theory would not have come into use if
Mr. Kennedy had not also provided designing-diagrams that were
simpler to use than anything then existing. The diagrams should
show the correct bed-width, depth, and gradient for a given
discharge and silt factor. Figs. 19 saved most of the work of
calculation. The nomogram contained a scale of discharge @ at
the extreme right, with a scale of wetted perimeter P, on the
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Mr. Lindley. opposite side of the same line, the two being related by the Author’s
formula (5), and on the extreme left was a scale of the silt factor f.
Between these two scales there was a scale of hydraulic mean

Figs, 19.
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radius R, related to f and P, by the first of Mr. Lindley’s derived
formulas, and a scale of fall per thousand &8, related to R and f by
Mr. Lindley’s second derived formula, with N fixed at 0:0225. To
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use this nomogram, a straight-edge was laid across the diagram Mr. Lindley.
through required values of @ and f, and the values of P, R, and
S were read off, the scales of R and S on the left sides of the lines
being used. For greater discharges, the scale values of ¢ were
considered to be multiplied by 100, the scale values of P multiplied
by 10, and the right side scales of R and S were used. If some
other value of N wasrequired, S should be corrected proportionately
to N? and no other change should be made. For obtaining the
bed-width B and depth D there was (placed, for convenience of
reproduction, between the R and @ scales of the diagram) a pair of
scales of the ratios P/R and D/R with values correctly related for
trapezoidal channels with {-to-1 side-slopes. The ratio P/R should
be calculated, the corresponding value of D/R found, and from this
D calculated ; subtracting 2-24 D from P gave B.! For any other
form of channel it would be necessary to calculate and draw
another scale of D/R. It would be observed that 6-94 was the
minimum value of P/R for this form of channel; this meant that
the limit referred to by the Author (p. 283) excluded this form of
channel when f()* was less than 3-24.

Mr. F. W. Woobs observed that in discussing the critical velocities Mr. Woods.
requisite for stable channels in alluvium it was necessary to be
critical, and he proposed to be so. The Author was, he understood,
an engineer of the United Provinces, of 20 years’ experience. There
were some very fine old canals in the United Provinces—the great
Ganges canal, 75 years old, and the Eastern Jumna canal, 100
years old. Those channels had had time to become stable, and it
would have been interesting to hear from the Author something
about their condition; but the Author was silent on the point.
He discussed instead the Godaveri and Kistna canals in Madras,
and some canals in the Punjab; so that it would appear that his
speculations were theoretical rather than founded on practical
experience. The Author complained of Kutter’s formula as “ com-
plicated.” Mr. Woods had never found any difficulty in working
with that formula, though he had never used even a slide-rule.
The formula seemed complicated only when expressed in British

v Example.—To design a chanuel to carry 100 cusecs with a silt factor of 1-0,
side-slopes being § to 1, and N = 0-0225,

(1} On the right-hand line, opposite @ = 100, read P = 26-7. (2) Laying a
line across @ =100 and f=1-0, read R =217 and §=0'245. (3) By
arithmetic, P/R = 26°7/2-17 = 12'3. (4) On the second lire from the right
read that, when P/R = 12-3, then D/R = 1-21. (5) By arithmetic,
D =217 x 121 = 2°63. (6) Bed-width = 26-7 ~ 2-24 x 263 = 20-8,—
E 8.L,
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Mr. Woods. units of measurement, but the more one worked with it the simpler
it became; one saw the same old forms and figures occurring
again and again. The Author’s formulas looked quite as formidable
though in practice they might be simple to work with. The subject,
however, was not primarily mathematical. An eminent mathema-
tician, the late Professor S. P. Langley, once remarked that the
mathematical method as applied to physics was trustworthy or
untrustworthy according to the trustworthiness or untrustworthiness
of the data employed. In dealing with the Author’s calculations,
which were interesting, he therefore would say nothing about the
mathematics, but go straight to the statistics on which they were
based. The Author gave the statistics on which he relied in
Appendix G, which contained thirty-one examples from practice.
Twenty-one of those examples referred to river-chanmels, which
were never in stable regime. The Author admitted that, but he
said that if the maximum flood of a river persisted long enough
for stabilization to take place the results presented in his formula
were obtained. The reply to that was that such conditions
never were obtained. The discharge of such a river as the
Ganges, or the Chenab, fell to about 6,000 cusecs in January.
As the snows of the Himalayas melted it rose steadily to, say,
60,000 cusecs in July and August; but in between, during
the summer, whenever there was heavy rainfall in the hills great
floods occurred. Floods of 200,000 and 300,000 cusecs took place
every year; at longer intervals there might be floods of 400,000
or 500,000 cusecs ; and once in every 30 or 40 years there might be
a flood of 600,000 or 700,000 cusecs. No one man could depend
upon being able ever to observe the maximum flood in any river
he studied. Even if he should chance to witness it, he would
probably not have on that rare occasion facilities for measuring its
width, depth, velocity, etc. ; and certainly it would not be a “ stable
channel in alluvium.” Railway-engineers were chiefly concerned
with the maximum flood-discharge of rivers through their bridges.
They did not worry about the river as a stable channel in alluvium ;
they were content to get the maximum flood through as small a
waterway as possible, consistently with safety. He would therefore
not consider those river-discharges. That left eleven channels. Inhis
fifth conclusion, the Author said (p. 285), “ The rugosity coefficient
in Manning’s formula is a simple function of the silt factor, and the
gilt factor is a function of the average size of the silt-particles.”
Mr. Woods could not agree with that. The Author referred, of
course, to Kutter’s coefficient. Every student of the subject ought
to know that Kutter'’s coefficient of rugosity was not a question
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simply of the rugosity of the material of the channel ; Kutter had Mr. Woods.
frequently explained that the alterations of section—enlargements,
contractions, and turns and twists of a river—were all included in
his coefficient of rugosity. The same point could perhaps be
expressed more simply by reference to Venturi’s experiment.
Venturi measured the discharge through a pipe 36 inches long and
£ inch in diameter, under a given head. The experiment was then
repeated under similar conditions, but the pipe, though still 36 inches
long, and of a minimum diameter of § inch, had its diameter enlarged
to 2 inches at five places. The discharge in that case was only
half as great. The material of both pipes was smooth glass. The
same reduction of velocity and discharge was effected in a river,
which would overcome an excess of declivity by alternate enlarge-
ments and contractions of waterway as well as by meanderings. In
the case of the Ganges, from Hardwar to Cawnpore there was a fall
of 560 feet, the distance being about 350 miles. The Ganges canal
took off from Hardwar and was roughly parallel to the Ganges
down to Cawnpore, where it tailed back into the river; but the
gradient of its bed only accounted for 280 feet of fall; the remainder
was given by vertical masonry drops. The river itself had no
vertical falls, and had to dispose of the extra 280 feet in the way he
had explained. That mainly determined the value of Kutter’s ¥ ;
the effect of the size of the particles of sand was quite small. The
Author based his values for the silt factor f entirely on Mr. Kennedy’s
standard Upper Bari Doab silt experiments. Mr. Kennedy’s experi-
ments extended over 87 miles! of canal, from mile 57 to mile 144.
The sand at the upper end, however, was by no means of the same
degree of coarseness or fineness as that at the lower end. Mr. Woods
made some experiments in that connection on the Upper Bari Doab
canal in 1905. He took samples of sand from the canal-bed at
miles 34, 42, and 48, and classified them by sifting through
graduated wire sieves, as well as by dropping them through still
water and noting velocities of vertical descent. For the second
method, a glass tube about 1 foot long and 1} inch in diameter
was graduated into twelve equal parts, each of 0-001 cubic
foot capacity. To the top of that was fitted a tin tube about
3 inches in diameter and 6 feet long. That was filled with
water, and sufficient sand to fill the glass tube was dropped
into the water., The coarsest particles fell first, and the time
required to fill each division of the glass tube was noted. In
that way the sand was graded, the velocities for the first (top),

! ¢ Canal-miles ” of 5,000 feet.
(THE INST. O.E. VOL. 229.] x
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Mr. Woods. foyrgh, ninth, and twelfth (bottom) divisions being as shown in
the following Table :—

1
Velocity : Inches per Second.

Division No. U
Mile 31. | Mile 42. i Mile 48. ; Average.
o 71\ o V 2:1 o - 2 00 1-70 ! 1-93
4 3-1 3-05 2 20 | 2-80
9 69 660 3+40 ‘ 560
12 12-1 10-30 ‘ 6-40 ! 9-60
Average . 6-05 : 55 34 ) 5-00

Even in those short distances of 8 and 6 miles, therefore, very
marked differences in coarseness or weight of sand were noticeable.
Mr. Kennedy’s observations extended from mile 57 to mile 144, and
the quality of the sand must have been very different at mile 57
from what it was at mile 144. At mile 57, again, the sand must
have been finer or lighter than it was at mile 48. Obviously
throughout the length of the canal the sand must vary in coarse-
ness ; yet the Author had assumed that the whole of the 87-mile
length dealt with by Mr. Kennedy had the same kind of “ standard
sand.” Evidently his definition of ‘ standard sand ” was much too
vague ; for the figures Mr. Woods had just given showed that even
in a single sample of sand, taken from a particular site, there was
very great variety in the sizes of grains. In Appendix C the Author
gave data for the Godaveri Delta canals. Items 2 and 3 in that
Table were very similar to each other in discharge and could be
lumped together, and so could 4 and 5; 6, 7, and 8; 13 and 14 ;
and 12 and 15. In that way the number of separate cases could
be reduced to nine. The Author assumed that all the Godaveri sand
had a silt factor of 0°456, and from Appendix D it would be seen
that the Author assumed that the Kistna canal, which was a bank
canal, had a silt factor of 0-725. There was, however, no prima facie
reason why the sand on the Kistna delta should be different
from the sand on the Godaveri delta to such an extent as was
represented by the difference between 0-456 and 0-725.' The

! Even if the sand of the Kistna Rank canal is really much coarser than that
of the Godaveri Delta canals, the faet supports this contention. The Author'’s
theory is that the ratio of width to depth of a channel depends on the silt;
and he assigns a silt factor of 0-725 to the former, and 0-456 to the latter.
That implies that the ratio of width to depth is different on the Kistna canal
from that of the Godaveri canals. But when widths and depths are plotted
graphically, it is seen that the ratio for both sets of canals is that given by
the equation log d = 0°434 log +«; an equation that is independent of the
quality of the silt-grains. The ratio of width to depth therefore evidently does
not depend essentially, or primarily, on the latter consideration.—F, W. W,
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Author referred in a footnote on p. 274 to Mr. Woods's article Mr Woods.

published in The Engineer in 1927. In that article Mr. Woods
gave some formulas based on the theory that in a regime channel
there must be a definite ratio between width and depth. The
Author ascribed that discovery to Mr. Lindley ; but Mr. Woods had
been advocating that theory about 7 years before Mr. Lindley
started his professional career. He had plotted logarithms of
width against logarithms of depth, getting a straight line which
showed the relation between width and depth of regime channels
to be log d = 0-434 log w. Of the nine data (grouped in the
way he had indicated) given by the Author in Appendix C, three
came exactly on Mr. Woods’s line, three above it, and three
below it symmetrically. That line represented ratios of width to
depth, and was in accordance with the average data of the Godaveri
canals,although the variation of three above and three symmetrically
below showed that the ratio was not constant in those cases; yet
the Author had taken the same silt factor for each and said the
“ shape of the channel "—that was, the ratio of width to depth
(p. 273)—depended on the silt factor. In Appendix D the Author
gave the Kistna bank canal a silt factor of 0-725 (different from the
factor assigned to Godaveri canals) and stated that that canal was
reported to be in good regime. Itsratio of width to depth came
directly on Mr. Woods’s line, which showed that the width-to-depth
ratio was exactly the same as the average of the Godaveri canals,
notwithstanding the alleged difference in the quality of the sand.
In Appendix D there were two examples from the Ibrahimia canal
in Upper Egypt. The Author said they were inconsistent, but in
those two examples the discharge was only about 5,000 cusecs,
whereas the full capacity of the canal was upwards of 26,000 cusecs.
Naturally the ratio of width to depth would not be the same at
one-fifth depth as at normal water-depth. No regime channel would
have the same ratio of width to depth throughout the range from
full supply to low supply. The Author also cited three examples
from the Ismailia canal, but there also there was a visible variation
which could be solved only if the surface-slope was stated, and
nowhere in his calculations or formulas had the Author said any-
thing about that, though the surface-slope was surely important, as
it represented the factor that actually moved the water. In 1903
Mr. Woods had hydraulic measurements made of various channels
in the Lower Chenab canal, and he presented those statistics to
Mr. Kennedy as showing that the width-to-depth ratio increased
definitely with the discharge of those canals. Mr. Kennedy
accepted that, and issued instructions in 1904 that channels were
x 2
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Mr. Woods. to be designed accordingly. For certain discharges there were
certain bed-widths and certain depths. In 1916 he had similar
hydraulic measurements made of the Lower Jhelum canal, and in
1917 he issued his Paper on the * Normal Data of Design for
‘ Kennedy ’ Channels,” to which the Author referred (p. 266).
Those were not Mr. Woods’s prescriptions for the ratio of width to
depth ; they were merely intended to be a supplement to Mr.
Kennedy’s diagrams. In 1919 Mr. Lindley prepared a statement of
the width and depth of certain channels of the Lower Chenab canal,
which were given in Appendix B of the Author’s Paper. Mr. Lindley
read a Paper on the subject before the Punjab Engineering Congress!
in 1919, and in the discussion which followed Mr. B. L. Uppal said
that the  normal data of design ”” Mr. Woods had given were nearer
to the actual results on the Lower Jhelum canal than were Mr.
Lindley’s results for all channels up to 40 feet bed-width, and
Mr. J. H. T. Middleton said the Lower Jhelum canal results fitted
Mr. Woods’s Table better than Mr. Lindley’s for channels exceeding
50 feet in width. Mr. Lindley, in a Punjab Irrigation Department
Technical Paper, published in 1925, which the Author also men-
tioned, said “ Mr. Woods’s Table (the normal data of design) is
still the best guide for V¥, channels.” Mr. Woods did not claim
peculiar accuracy for those data, which were simply derived from
experience and observation. Any other observed hydraulic data
were of equal authority ; but in the particular case under discussion,
hydraulic data had been collected for the Lower Chenab canal by
Mr. Lindley and by Mr. Woods, and for the Jhelum canal by
Mr. Uppal; yet the Author, having all those before him, chose
only Mr. Lindley’s. It would appear, therefore, that the data the
Author presented were not all the data on which he could have
based his arguments, and, as Professor Langley had said, if his
premises were wrong, his conclusions would be wrong, even if his
mathematical processes were correct. After all, it was necessary to
bear in mind what was meant by a ““ silted channel.” Usually the
silt that gave trouble was deposited in the first 5 to 20 miles of a
main canal, or the first few miles of any of its distributaries ; rarely
did it give any trouble anywhere else. In the Punjab experience
had shown that it was possible to prevent excess of coarse silt from
entering a canal at its head, by furnishing the head with a relatively
high sill and passing the water over with relatively low velocity.
It was not practicable for the designer of a new canal to predict
what the quality of the silt at any particular part of the canal-

v Loc. cit.
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system was likely to be. It would vary according as the water Mr. Woods.
entered the main canal head with relatively high, or relatively low,
velocity ; or over a sill relatively high or relatively low. A formula
of design, therefore, based on assumptions as to quality of silt was
not likely to be of practical utility. The governing factor in the
design of regime channels must be one that governed also the
admission or exclusion of silt at the canal-head. Although he did
not consider the Author’s formulas and thesis to be of practical
utility in their present shape, he had found the Paper very interest-
ing ; and he hoped the Author would persevere in his researches,
and particularly in the direction of personal experimental investiga-
tion of hydraulic conditions in the great canals of the United
Provinces of Agra and Oudh.

Mr. A. B. BuckLEY remarked that the Paper would add con- Mr Buckley.
siderably to the statistics regarding the question it discussed ; but
he was rather puzzled by the fact that the Egyptian silt factors
given in Appendix D ranged from 0-379 to 0-599. There were about
thirty-six stations carefully distributed over Egypt, from which
silt-samples were taken once a week. Those experiments had
been carried on for 8 years. Every week about 100 samples
were analysed by the chemists of the Agricultural Depart-
ment and classified under coarse sand, fine sand, and silt. The
coarse sand remained on a sieve of 100 meshes to the inch; fine
sand remainded on a 200-mesh sieve; and what passed through
the latter was called silt. He was sure those samples were
representative, and in all the samples there was no variation, so
far as he could see, that would warrant a variation of 50 per cent.
in the silt factor. The variation in silt content was illustrated in a
Note! he had written in collaboration with the late Mr. F. Hughes
in 1919. The Author gave no precise indication of the classification
of the silt or of the factor to be attributed to a given silt. Had the
same factor been applicable for all the silt of Egypt, the formula
might have been more useful. e felt that a good deal of work on
the subject had still to be done. The problem was very complex ;
there were four significant variables and two insignificant variables,
and mathematically the problem was quite beyond him. Although
he doubted whether the Author’s formulas could be justified as a
mathematical entity, that did not mean that he doubted their
utility, for, quite probably, like many other empirical formulas,
they would prove useful in the hands of practical engineers. He
felt that all the questions relating to rivers and floods depended

} ¢“Note on Silt Investigations,” No, 1, Cairo, 1919,
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“Mr. Buckley. largely on the silt-charge. A channel carrying little silt might
have to be obstructed by a weir, and although the silt might take
some time to accumulate, it would be deposited in time, and then
there might be trouble.

Dr.Owens. Dr. J. 8. Owrxs remarked that the Author had not attempted
to evolve from a physical basis the formulas put forward. None
the less they must be based on physical processes. He proposed to
draw attention to a few points which he thought were important
and which indicated, in his view, that no formula such as the Author
gave could be absolutely accurate, or even make a close approach
to accuracy, under all conditions. Such matters, in his experience,
were apt to arouse controversy, but that perhaps added to their
interest. The temperature of the water was not unimportant. The
process of silting was a sort of dynamical equilibrium where as
much was deposited out of the water as was carried away ; the
processes of picking up and depositing were going on simultaneously.
The silt considered by the Author was mostly small particles, and
their rate of settlement through water was profoundly affected by
the temperature of the water. The rate of settlement—and hence
the distance a particle would be carried by a current of given
velocity—was one of the governing factors in the question of
transportation. The effect of temperature was so great that the
rate of settlement could easily be doubled by a comparatively slight
rise of temperature, which meant that a cold river would behave
differently from a hot river. Most of the data from which the
Author had evolved his formulas were derived from hot rivers, and
there might be quite a difference in the behaviour of a cold river.
Again, it was impossible to evolve a silt factor based on size alone
that would apply to all cases. The rate of settlement through water,
which was the governing factor, was not a function of the size of a
particle only ; it depended also on shape and density. Shape in
particular had a profound effect. In some experiments he made
several years ago he showed that flat particles invariably selected
the position of greatest resistance. A disk would settle through
water on the flat ; a rod would settle with the long axis horizontal,
and so on. Size alone, therefore, was not sufficient for determining
the silt factor ; sifting through sieves and screens took no account
of the other factor of shape, and might lead to very fallacious
results. When the particles were small, the factor governing their
deposition through water was mainly the viscosity of the water, so
that the rate of settlement varied very much with the temperature ;
but when the particles exceeded about 0-1 inch viscosity ceased to
have much effect. Thus for particles of less than a certain size one
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set of laws governed the rate of settlement, and consequently the rate Dr. Owers
of silting, while with larger particles the rate of silting was governed
by a completely different set of laws. It did not seem to him
probable, therefore, that the same sort of formula would apply to
all sizes of particles. He had carried out some experiments which
in a particular case showed that the rate of settlement through
running water was more rapid than that through still water. That
sounded anomalous, but he believed it to be true, and there were
conditions which seemed to make it reasonable. If particles tended
to dispose themselves in the position of greatest resistance to
settlement, and if they were settling through a stream where
velocity was varying from top to bottom, then the top of the particle
would be exposed to a different velocity from the bottom, and
there would be a tendency to revolve, so that the position of greatest
resistance would not be taken up. In such conditions a particle
might be expected to settle more rapidly than in still water. It
might not be strictly correct, therefore, to apply rates of settlement
in still water to the conditions of running water. When matter
was suspended in water, it behaved as if it was in solution so far
as the specific gravity of the water—as measured by a hydrometer
—was concerned. He knew the point gave rise to a good deal of
controversy, but he believed it was very important. If, for instance,
very fine sand was shaken up in water and a hydrometer was put
into it, the hydrometer would record a specific gravity greater
than 1, and the specific gravity could be seen to fall as the sand
settled. While the sand was in suspension the water functioned as
a denser liquid, and would therefore have greater power of erosion.
The Author referred to some experiments Dr. Owens had made
which indicated a sort of physical constant in water. He had found
that at a velocity of about 0-8 foot per second water acquired the
power of moving fine sand, while with a lower velocity it could
not do so. He had also found another curious critical velocity.
Between 0-8 foot and 24 feet per second the movement of the sand
was always in ripples, the ripple being moved forward by erosion
of the back and deposition on the front; but when the velocity
exceeded 2% feet per second, the method of transportation was
suddenly altered and the sand was carried off in a sheet. He
thought the facts he had mentioned would affect the bearing of the
Author’s formulas npon any particular conditions.

*.* The Author’s reply will be found at p. 353.
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