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StBg&~Y 

For a canalto be stable the banksmust no~ slough or 
slide, and the bottum:and sides must nolthor slltnor ~scour. To 
obtain theso.condltions roqulrasthoconsidara~onofa number of 

/ 

to cause scour of the subgrade of the conal,i 

The flowin~ ~ator will not attackthcL~subgradeunloss its 
velocltyis more than sufficient tomovo~thomatorlalbrought Into 
tho'cannl. The axcoss of voles lircd/:to move this 
material which will attack the ~cndsupon thoma- 
terial of which the subgradolscomposod. 

In order that the banks may_nalth. 
velocities alomg them must be sufficicnt to 
but nat --ufficlont to cause scour of the~ma" 
compo~od. ~s a Pr~ctical ~tter a slight ~u 

sidas is not especially detrimental and frequently takes •place, so 
tha~ the important roquir~nt is the provontloz - ox- 
cassivc deposition. The maximmn allowable valet 
depends upon the material of which thay are cc~n~ 
on t h e  sides Is also actad upon . . . .  
slsts the water in tending to c~ 
f~ro scour under,a~ullor velocl~ 

banks 
• torial 

The r n t t o  b e t w e e n  t h e  
t h a t  on t h e  b o t t ~ n  d e p e n d s  u p o n  
c a ~ u l  t o  t h e  d a p t h .  Th° grOotox  
be the ratio of the velocity ae 
on the sides. The bud ,~idth-do 
nol Is that which will bring t~ 
t h e  b o t t o m  t o  t h a t  a c t i n g ~ o n  th ,  
h i g h  v o l o c i t i o s  a c t i n g  on t h e  b, 

may bo pox~ni t tod  t o  a c t  on t h o  s i d o s ,  r o q u i r e  h i g h  r n t i o s  o f  bod  
width to depth. For example, canals carrying a heavy bed ~load in 
frl~blo mQterial roqulro h!g~h volocitlos on the bed to move the 
io~d and low voloeltlos nlang the banks to prevent cutting th~n; 
in other words, a high ratio of bottum voloclty to •side velocity, 
and therefore n h l@h bed ~Tidth-dapth ratio. Canals with small bed 
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loads in friable matorlal do notlroqulro such high voloclties along 
the bot t~n  t o  t r a n s p o r t  the  ,bed ' load; on'd '~the r ~ ' t i o  ,of i t h i s  i~lowor 
velocity, VB, to the poTissiblo sldo ~velocitY/Vs can 0therefore ~bo 
mnallor. ~r ~ : correct ratios for ot~r conditlons can i be !determined 
by the application of those principles. 

It is boliovod that this report outlines ~the~maJor prin- 
ciples ~hlch control stable churmol ~r.hnpos and velocities. Suffi' 
clent data io not yo~ at:hand to 
of them to be,rode but this invos 
it is believed that more definite 

/ 
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SY}.,~0LS 

English •system used ~ tulless othorwlso stated. 

V = ~moan .velocity 

V B = velocity near the bott~n 

V s = velocity near the slides 

B = bed ~Tidth •. 

d = depth 

d a = avcrugo depth 

V o = critical velocity ~'om tho~standpoint of~zilting • 

~; = width 

Wm= moan ~idth 

S : slope (f:ll--length) 

Q = discharge in second feet 

f = silt ~factor =8 \/porticie ~diametor ~!in ilnchos 

R = hydraulic radius "' ~ 

D = di~qmoter, of purJ~iclo in ~i~Iches ~ ~i: i 
A = .,~on of ~:tor cross suction 

P = ~ettod~porim~tor 

n = exponent in ~formul-. of EO~uody type 

C = coefficient in formula of Kennedy type 
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subject reported in the momo~=-~.~i qiT-'..-?'~'_~ ~,~u muuay o£ ;~nls 
Problem of the All-Amer ican 
1929. Since oxtra copies of ~r, 
a wider knowledge of the subject ................... , and 

changed vlew- 
points, scmo of the matcriul on t ~din that re- 
port.~ . . . . .  has been worl:cd over and pla ,~+~ .... ~ __~ 

which my be constructed under the 
atlens. J~lthough it is~bcllovod th ppro~ri- 
formation and that :the conclusions st~*^~ ^-- ...... . ___blo In, 
go, it must be recognizcd that this m 
progress, and tlmt furtherstudios~ma 
some of the loss important conclusion 
port more intollIgiblo~to t~^-~ -~- .... , .... 
edge of the, problems el th[ 
of tho conditions surrou~ndJ 
included. 

THE tJ~-.~'v~.~N!¢~. ~'~I, 

The ~kll-2~asrican G~n~.1 
lower :Colorado River ~ud c~rry 
o~nd Coacholla valleys by c rout, 
States. The IraporialValloy is 

J 

o 

tratlon, and the undesirable si" 
Isting canal has led to the ina 
cation of the new All-Amerlcan 
by Compress and will probably s 

The Colorado River is 
has a discharge varying from 250 

. . . .  s u s -  
pended silt content near intake oflthe proposed c~nel averaglng 
0.90 per cent by weight, and at times reaching 5'40 per cent. The 
suspended silt is extremely fine and :the bed silt averages about 
0.075 sin. (0.003 in,) in 4,ameter° 
1.2 feet per mile. The use of this w 

Vmlloy has led to great difficulty aria an expense estimated at a 
proxlmately $1,400,000 Mr ,,oar 41 .... C . . . .  P- 
leveling. ~ J ~w-~'oaglng, canal cloanlng and land 
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Before the All-AmericanCanaiisflnished, it is expected 
that the Boulder Dan, nowunder construction, ~0Smiles above ~the 
Proposed headworks will be completed. This dam will}be 725feet 

intake w 3 1 c h  w i l l  stop p r e c t i ; a ~ l l y - ; l l ' o £ ~ t h : ~ s i l t  cc,~ngfrom,abovo 
that point. Th6~silt .~hich~roachostho intake - -  

onlythat picked up fr~n'the.banksand badof 

lower dam and the ~nall quantlty~brouc~t in:~by~%he tributariesto 
the river between the lower da~ " ~ ~loms,to 
be solved in the doslgn of thiE 
capacity oflS,OOOsocond foot, maximum 
and quality of silt which in fuzur¢ 
canal headworks, thc bost mcthoiof 

the latter problem only. 

HISTORY OF NON-SILTING, CANAL SECTION STUDIES 

Most of~thu study, of the l~roblom.:of:,no: 
sections has boon~m=d~ by %he :British ong 
noctlon with the largo irrigation project .-- =-n, 
cortaln cmount has aloe : beo~ 
the irrigation r;~u- ~ ~ 
utod by this cou [b- 
ing interest in 
it is nov; being_ 
man. Out of th 

The first study of sectJ 
by R. G. Kennedy (BEY'. ork is,a 
and has resulted in the millions 
the cost of clean 
Umfartunately, ii 

prestige that for many years little furtho~ 
llno was made. 

In his paper, ~. Komaedy gave the result of mo~sur 
Of bed widths and .f,,1~ ........ ~ _~, • omonts 

• . . . . .  ~ ~ppAy-. aop~ns, on abollt~22-canals .in 
Lower Bari Doab canal systc~n in wh ~A~ -~- . . . .  . the 

• A ~ n  ~no cnannols had bocc~o.~ata. 
blc and several more which haQ nearly roached this condlti 
also gave the - on. He 
........ full supply, discharge and the velocity cnmnutea 

~A~n ~n~s alscnargo and the full supply area. From this-data 



developed a formula of the t~pe Vo =~cdn whlch expressed wlthrea- 
sortable accuracy the relation between the critical mean velocity~i,L ! 
V o and the depth d. as indicated by the results 0fthe measurements. 
For the 1~wer Bari Doab, C was . . . . . . . . .  

veloclt ies corresponding to th( 
equation. The local condition: 
Mr. Kennedy,s conclusions will 
discussion. 

In 1895 ~,~. Kennedy issued a set of hydraullc dlagrams to 
aid in the design of non-silting channels. In1904 h¢ 
rule for the relation of width to depth in non-s~itin8 )). 
A coeond odltlon of Iqydraulic Diagrams (Ref. 6) ~S/iSSUe 
in which Mr. Kennedy reprinted the orlginal paper and add 
ten~ed discussion to clear up same of the obscure points ~_vo 
the results of his experience since the first paper was prlntod. 

was for the Godavarl Wmstorn Delta mind the Kistna Western Delta in 
~adras (Rof. 7). 

In 1913 a set of hydraulic dlagr'.~ns for the design of 
channels wus put out by Capt. ~non.silt- 
ing channels (Rof. 8) which it Ited Prov- 
Inca S. 

Ln 1917 F. W. Woods pr " ~ 
r~tlos of depth to width, based 
I~r Chonab Canal system. In 1919 ~tho rosull 
alysls of canal dlnonsions of the Low~ Chen~t 
lay w~s published (Rof. 3). ~. Lindl~yfound 
critical velocity rol~.t ion Vo 0.95d0.~7 and a relation of =b-d 
width to depth of B = 5.8di.61. . . . .  

In1927 Mr. Woods (Ref.~4) Proposeda general :formula 
covering velocity, ~vorage depth, moan ~rldth ~nd slope, as follows: 

dn =Wm °-434 

V e = 1,434 lOgl0~n 
S " 1 

2 x lOgloQX i000 
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- L  

These i~ormulae cover not only the depth:: and width but also the i'dis- 
charge and slope. According to them, for a given discharge there 
is a single condition of depth, width laud sloi~ which will produce 
a stable channel, i 

In ig~8 ~ir. W. T, BOttomle (Ref. 9) put forwmrd the idsa 
that non-siltlng, non-scouring irrigation channels would be 
if the slope of the canal was of the same order as that of 
eat river regardlQss of the relation of width to depth and 
of the cha~uol. 

tion that the wetted porlmoter of :stable channel was a 

tlon'~of the square root of the dlschargo (p = 2,668Q0.5 
the shape of the section depended upon the fineness of 
ried, coarse silt giving rleo~to wide shallo~ sections and fine s~it 
to narrow, deep ones. 

Ho ~dovolo~od thcfc ~Id V o ='ii,17 '~i~ 
in which f is a~silt factor, ~r, of ithe ~bed ma- 
terial by the expression f = 8 /Dwhere D is in inches. From those 
formulae, knmTing the Q of the ditch Vo, A ~ and R can obe computed, i 

r~ 

The foregoing authorities have do~lopod their ideas al - 
most entirely i'rom experience in India, ~lo result of oxperlonce ..... 
on canals in Egypt is given by Molem79rth and Yonldunia (1922/~ ~L:~#: 
[Ref. i0). They give a general formu~la inrush units. 

d = (9060S + o.725)  

a s  developed franc careful oxaminatiomof a lar6~ number of recog- 
nized good Egyptian canals. 

As a result of furtho 
develops the adjustment of the 

A, 

= (9o6os ÷ o.7z5) k / E  

given above, for canals, of depths of 1.6 m,= (5,26 feet) and ~sm,, 

d = 0.0025 (IO0000S + 8,)SB__ 
1.6g 

The above formula is in English units. 

• In addition ~to the general formulae proposed by vorious 
investi6~tors, a l~go nt~ber of spoclal formulae of the K6nnedy 
type have been developed. Those are listed on Table Nee I. 
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SUE~AARY OF I~qEVIOUS~STABLE C"rlANNEL FOrmULAE 

~e.. ~=mule~. . . dovelopoa~ ~or stable ~0h~el-s ~I1 into: two 

silt as much as qualityand asarosult J 
slght of by othurstudcnts of thc subJcc~ 
the value of n would chango greatly. 

"the ~slqe-and >~ 

........... at 

depths of about 9 to l- 
thc depths of canals de 

Thlshad the effoc' - : " - - 

ordlng to his rule: 

Of the formulae of the second type, Lindloy gives a rela- 
tion of critical veloci ...... 
modifications for qu~li' ;osts no 
ti0ns for mean depth, vole ,s rola- 
no suggestion that these I y makes 
or quality of the silt. I 
bringing in the effect of 
consider the quantity ofn oes not 

• • ••i •• •i!i• • •/••i ̧ • ••• 
In order to,determine what volon~t1.~ ~n~,~ .,÷^~.t,~. 

used in the All-Amer 
relation of demth to 
available observat io~ ~- 
that for a given depl 

critical velocity. %~ ±xne representing Kennedy,sdata is ~ a h o w n  , 

heavier than the remainder. The variations range~mpproximately 
from 46% to 208% of Kennedy, s results, or the highest value over 
450% of the lowest. 

ll 



The locaY conditions m~der whlch most !of these formulae 
were developed is not l~own in detail. In a general way, however, . . " 
n~it n.~is believed~ that the~,~ __ . . . . .  silt of the Nile ~ivor is finer than t~hat. 

. . . . .  0 , ..... ~ ~ ~u~ *:~Crlal results in ~lower critical voloc- ; 
itios. But it is also kmo;.m that the ~ilt.of the Colorado:River 
and tributary Imporia!:V~liey canal~ is flncr than..~hat of ~tho 
Rsvl, but the critical vclocltios are hlghor in,the case of the 
Impom'ial Vallc, y canals. This is contrary to the relation given 
by.Mr. Lacoy. i! 

C0.~ARI~., OF 1 ¢ ~ ~  

A ccmlx, rison slnilar to 
rulations :;as alsomade of the vat ty 
of bed width to donth. The results arc -~ ..... ion i 

• - " - ~u~n on Fl~t~c 2. ~hich ' 
gives the rol~.tion of bcd wi~%h to depth for ths DrincIDai:for, 

" : do~,O~O ~s--- ' i ! ,~i, ' , : ~ -  ~ - ,  

y sumln~ side slopes 1/2 t0 l, " ~ ~ 

The data for channels as pr 
i/2:1 slde slopes] :fc~ t.hree siZea:~ Of 
The finest of these ......... 
corresponding in s 
the Imperial ~allo> 

G. iLacc 
are .als 

side slopes, as re~ 
canals in 'the C~dav 
fr~n canals ~In the 
the form of a goner 
is Independent of t 
on the sloped-four 
foot) a modificatia 
by A. B. Buckloy ha 

collected slnco the u~nor ~O~UlU was proposed. 'The D0pu/t 
soetlon, said to be widely U~od fin E~ypt Is also sho~n, Two 
vnluos are glvon of c ~ . . . . . .  • : 

,-n,.is .;ith 46 foot bed T;idth which illus- 
%Taros the ~idoly v~rylng ~epth whlch will give stable shapes 
~mdor different conditlons. 

12 
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This data for the ;bed width-depthrelation shows even 
greater variation than the depthcritical-velocity ~elations shown .... 
on Figure 2. For a 5"foot dopth,:~the ~Molesworth,Yenidunia formula 
without the slope factor , ~ivos a ~bedwidth/of 6.4 feet and the 
Lim~ley equation gives 50,0 fact or a ratio of maximum to.mimlmum 
of 781%. Soma of the Imperial Valley data indicate~ev¢ 
ratios than givan by,the Lindlo~fo1~ula. ~ The wide ra~ 
seem to ~bo due to variation in'the size of the silt, 
Egyptian data is bolievad robe for 'fimar silt than t__ 
of Woods and Limdloy, most of the Imperial Valley data, which are! 
also for floe silt, give even hi@her bed width,depth ratios than 
either Limdloy or Wood. 

FACTCRS AFFECTING STABLE CHANNEL SPAPES 

As a result of the ~ido range of critical volocltios and 
bed width-depth rolatlons found on the canals.in the 
of the world, and the lack of any;readily apparent c 
the variations, it ~'~s clear that if tha:-factors con 
v~riatien could not be datermimed it wouldnotbe safe to.adoptany 
of the relations given ~by oxis$1ng: formulae ,,for ,the dosir'~n, of the 
sections of the All-American Cn~ul. Although:these formulae ~ no 
doubt provide workable rolations~for the conditions for.whichthey 
wore developed, those; conditions havre not been delineated ~suffi" 
oiontly to enablc tha 
they ~oro dovaloped o: 

di~ions, and in most 
which o~'o importcnt. 

To develop : :  rr, tlon~ the "ca 
the All-A~orican C~n~l :it v~s 

Back =to the fumd~nontals ,rod try~to~m 
tots controlllngthc sh=po ofa stream c 
~d their 'rolatlonsnlat tO each other. 

The,following is a.list of fu, 
a determination, of, stable channal shapes : 

Hydraulic factors 
Slope 

Roughness 
Hydraulic radius or depth 
Vo~ ity 

Mean velocity 
Velocity distribution 

Tompernt urc 

• 14 



Width 

Side slopes 

Nature ofmaterial 
Material trmnsported 

Sha~e 

Miscellaneous 

stable channels it is necessary %0 
and determine as accurately !as poss 
Jot importance, and w~ 
determining first the 
possible to later stud 
the major relations are known, :the data aVailable is only col- 
lectlon of mlscollaneous ~facts of limited ::value. - :  

Of the hydraulic fac~torE 
draulic radius and mean velocity e 
sortable certainty thol 
the ordinary velocity 
movement of material i 
hess is not definltel~ 
is mee~d, but compare 
of the problem, the r,: 
that for ~the purposes of :~thls 
thoso lines is ~obably unjust 
factors rand scourlng~or transp 
not well established ":nd must be fur%hor~studied. ........ 

i ̧ : Z! 

As will be shown later, :it is hollered " 
distribution, ms wol! :~s the moan velocity, iso: 
to the problem ~md thnt it together ~ilth the chn, 
of width and depth exercise an important influ 
The side slopes arc relatively unimportant oxco 
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calltlos, so that fits Lufluenae cou!d-not':be ~'I 
it was desired f..~: 
terlal also ha oi_ 
2.65 it is of • on :,i~ l o u l d  ~ b e  :-~ avall, 

It, is bollovmd :that :I;~ 

110% Xo~O 

trat Ing ous, 
oecurronco im~ s~mo "irzlgatlon,~syst~s 

s 

of clo~r.w~tor flow. ~:In othor ~ords, .th 
": ~im~s ~ bolng unable :%0 .tron~port..ull :-the 
henco filling up, : mntorlal 
brought to i%, and Over ~long !po- " 
rlods tho dl%chos: ~.o :~pproximately-st, o~ lons  
countcm~act oach othcr. A~othor common :fr~ 
unstable to stoblo conditlon:whlch result whon an effoctivo samd 
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but begins to scour cover, 
off the supply of solid m~ 
new that which was moved:: 

One of the most important factors::contro~] 

0 

can be 

fur bank scour is-more-likely to 
canal is apt %0 be operated a la 
part capacity, this must also be 

Another fact 
gation channel is what 
has run for some time 
bed arrange themselves 
ficult to move than who: 
water is silty, thisma 
binds the bed material 

.... must be considered, 
ryes. If a 
t he ,t ice at 

e :design. 

In addition % 
another set of relation 
channel section in any instance, 
which the cecal is designed t o . m e  

Canals :for convoyin~ ~ 
usually dosigned to.meet ono of .% 
flrsttype is encountered whom it is desired to use the lowest 
practicable voloc it 
a minimum. In:the 
the greatest feasib . . . . . . . . . . . . . . . . .  s 

d o n o  to o n a b l e  ~ t h o  . . . . .  

siblo for a ~ivon I 
both power ~d irri 
the -size of ,the ~cam 

essary. This requires that the vole .oat .0 can 
be eQzTiod without scouring the banks or bed. A third :condition 
is mot in irrigation ~cQnals whore it is desired to carry the ditch 
on an ali~mont which has a slope as steep as possible, in order 
%o reduce the cost of drops. The first of those conditions aims 
at securing the mlnimum practical velocity within the limitations 
of cost and silting. Thc second aims to secure the highest voloc- 

17 



@ 

ity which the ditc ~ ~I~ .~..= _~.: ~ : : : : 
water ,with a reaso 
as much head as po 
thus reducing the 
a given velocity to a maximtuu. ~- 
ular canal falls I therefore indicu 
to control the best ch 
~hilo still being subj 
on pages 14 and 15. 

J~ 

CONDITIONS REQUIRED ~FOR STABL E 

For a chapel to 
or scour on either the bank 
blo against sloughing or slidir 
requirement, the: velocity must 
the solid matcrlal °::hich is brc 
ing water. To fulfill the non- 
at the bed or the ba2Ja; must nc 
terial of v;hich they arc compoE 
for s sot of conditionc 
relations ":;hich 'Till cauj 
will bring these conditiun~ aoouz. 

ot f 
be 

The material carried into a section of o n~r~1 ~.~ ~- ~ 
tlroly c~posed of flno material whl, 
tot or it may be cmnpescd entirely oi 
moved only at relatively hlgh voloclties. 
has o graded ccanpo 
~utorial is very f 

ficulty because the volocltlos : 
ditlons of ocon~ny r~o sufficio] 
material is graded, the fine ma~ 
coarse, is rolled alonz the bed. 

all of it may be dragged along the bed, 
tied in suspension. Since the :mount'~of 
can be moved de,rids upon the velocity n, 
ztablo channel the velocity along the be ::::~: 
gor bed loads. This may require a hinge: 
than the material in which the channel ~ 

clear water, the entlre energy of the water on the bott~n being 
expended in dragging along the bottom the material which has been 
brought do~a% by the water from above. If, however, the velocity 
along the bottc~ exceeds that necessary to move the bed lead along, 
it w!ll act on the subgrado of the channel. Te have a stable 

18 



channel, the subgrade matmrial faust be sufficlently tenaoiOus to 
resist this scour. Sum~ .............. 
the velocity along the b 
cient to move along the 
not so great as to scour 

The mater 
upon by two forces 
~oavity, which tend 
sldos of the ditch. 
which acts downward 
force acting is tha 
canal, ;Thich tends: 
direction. The ma:~ 
adjacent to the ban 
stream both act tog 
when the resultant 
material from hho 
bed of the s tromu, 
sion by the water. 
flat so thatltho c 
cs~binmd .tith the 
the particles. F1 
ponont of gravity, 
CaUJ~O. 

L• 

STABLE CHANk~LS FOR CLEARWATER 

The simplest cases 
sections are those required" 
carries silt in suspension 
are added co~plicatlons. Th, 
will therefore be considered 
slope is desired, i~ is usually considered t 
nel is secured when the wetted perimeter is 
to the area. In trapezoidal channels this o 
bed width to depth ra~ing from 2.0~to 0.47~ 
twoen the vertical and 2:1. Those values give the:most efficlcnt 
hydraulic section, but since •this consid 
v'mtion above the water llnc the flattest 
of excavation for s channel in cut is gi 
the ra$io of bed width~to depth is less 

Thus maximum ocon~ny ~:ill result from very low W/d ratios. In 
channels in eerth, however, experience has sho~wn that such channels 
arc not stable. 
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surf it lent 
or rollin~ 
and bed f~ 
on the baz 
that due to the motlon~f th~ hate: 
a force from the motion of the ~at 
gravity does not t~nd .~- to nroduco mot 

If the mean 
enough that the forces 
cicnt to move it, and 
channel will be stable 
can be used ~;ith clear 
ho-~:ovsr, considorat ior 
canals necessary ~o pr 
n cross section must bc selected 
the bottom ;:hich "~Till not move t 
$ios along the sides which ".rill 
Since the sldo m~%tcrial, duo to 
at a lo::ar velocity th:m that om 
imum posslblo mean velocity ~ith 
sides must be ono~h loss than ~% 
the gravity affect. This reducl 
~ith bottom velocity, is securo~ 
uidth to depth. 

On Figure 3 are sl distrlbut 
number of roctang~mular chan~ ~ cros~ ~s 
area. Most of this data was secured from the results 
perimonts of D'Arcy and Bazi 
the "isovols" or lines of eq 
the moan velocity. (Those da i~ 

change thc ~,in rolations.l Sincc the areas 
sccuions are equal, the, lincs giving the S~c 

u, ill show th."ot high velocities c~o in closer the 
narrow, deep cross sections than Lu the brand, The 
science of hydrodynamics h:s not yet prestressed to thu point ~:hore 
the relation bet~:con tho velocity distribution adJzccnt ~oa ~sur- 
faro can be quantitatively related to the drn G of the .~.ter along 
the surface or the velocity "GT:idicnt" adjacent to the surf~:ca, but 
pro6~es~ along this li:~.c iz rapid, ~'~d the near future may bring 
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sufficient advancement ~ ........ .... - ....... 
to be made. For:the pro 
when the high :veloc itiB~ 
dragging force of w~tor 
velocities close t~ " 

In a vur~ 
the sides are as h~ 
If the velocity in 
the added for 
cur first on 

Trio gos Ig 
tions mcntio~n ip'J~%o ~lO; i. o. 
the smallest pr~ctic:~blc slope, 
draullc standpolnt of scouring 
depth which will notproduce sc 
tie is not smaller than ~that wh 
porlm~tor for a glvcn earthwork 
tion will probably rarely centre 
the second type c ..... 
velocity is to bc 
tie of width to d 
both on the sidQs 
motion. For can:: 
the dltch~as steo 
tus~ury to make th 
hydraullcradius 
ditches the scour 
t ion ~ould centre 
there is no limit 
velocity could be 
c i o n t l ~  wido nnd 
boon found  ~t~nt  ;-t 
i t l o s  o f  c o n s t r u e  
d o o l ~ r  • p o r t  ions  o 
gr.o sn ivoly: grontc: 
effect of the L~idonin~ is losto This nat 
ditches. :llth stoop slopes 8 tolO foot rll 
deep. 

O 

CHA~LS CAP~YING SOLXDS XN,SU~=w;SION 

It is now pretty generally agreed that matorlnl can be 
carried by a strc:~n in suspension boc.nuso of the verticnl currents 
~zhich occur in flo;Ting ~:tor ,and c~rry the solid material upward 

P~ 



at a greater ~ra 
The abilitv n~ 

~a 

urns of the water. This ~ene:~y is p:rc 
ef %he ~ter, which is 
slope, equal "%o, the: p 

This is a sort of overall > r, 
may take place :in one portion!co n;4. 

Ing silt in suspension, there :il 
This is~aidod ~j the ~o~th.:of., 
formed .~hich forms steeper side| 
constructed. This raatori~l :is ( 
more or less oven in ditches ~h~ 
action is not ordinarily very de 
and allowed for by c~puting the 
slopes which it is expected the : 
slopes to ~;'hich it is fi~,~ ~^. 

them., ~to falli: 

; : would. 

i0 other 
~go~0f~ a L 

It is probabl,- ~^~.~i, ... 
sition of suspended mat 
althol4~h it may bc rodu 
ost dlfficultlos from s~ 
slopes are so sli~J~t th~ 
is insufflcicnt to vrcvc 
to ineroQse the volocit~ 
some sort of desilting 

 . oAD . 

Irr igat i oR 
matter by dragcinc e 
or Gilt-laden -'~ ~er 
upon the velocity ne 
is probably nocessar 
than flue material. ~i a 

load, in order to be affable it mus¢m e 
the chamnel ~vill fill up. This requir, o 
bottom of the channel, as compared r:itl 
wu%cr. For a glvon qunlity of matorla~ 

l t i e s  which could a c t  on t h e  banks  i n  two two cases ~ould b o ' : h e  
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same. To be stable, the channel bed leads 
fore have a higher velocity along th, 
along the ban~=s and this could only, 
section. Heavily loaded channels in 

u= =~u AOQQeO cnannolaro oi" matorio; 
the ratio of bed width to doDth can bo~ioss =,than~in friablo~ma- 
terial without scouring, thebanks. ~ 

CONCm ZONS OF  FLOW  OT' USED 

Te on~ 
of stream meeh~ 
the factors con1 
erudo, "and in i~ 
appe~that the 
able Infor~ut ioz 
recent poz't inoni 
have boon studi( 
to the problem. 
bibliography col 
n o t  f~miliar ~rll 

knowlodgo of i 
developed regarding s t o t  
bettor to explain thoso 
all omglnoors are f~mi!i 
c o n f u s i n g  t o  soma by  adding  %he o t h o r  n e w  J idoas .  

A G ~ ~  0~' 

The rol:~t Jar, 
to agree with the obse 
erltlc~l voloclty show 
t~nt found by Kennedy 
pcrial VOlley canals. 
quality of silt is ::n 
both the Nile and Cola 
a much hitcher velocity th=n the the quantity 
of silt, especially the bed load, io much groa 
canals. The critical veleclty for the canals 
higher than those In E~t, prob:'bly boc2use t on 
the bed were larger, ~tnd therefore required hic~hor volocltios to 
move them. The Impori::l cznals require marc velocity than Kormedy,s 
ca~ls although the latter l~.s co~msor bed ~lead, because the velocity 
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requlredto transport the::immense 
Valley send is greater lthanthst 
ti%y of coarser sand of Kennody,s 

A similar agrc 
is found in the data on 
2. Intho canalsof~E~ 
velocities along the~si~ 
channels are narrowand 
tho side ms*~ 
therefero.t 
all of it Q 

T 
loads of re 
sections. 
sand, which 
the velocit 

that Indice 

the %ypc of 
formula wss 
siderably l~ 

!QUANTITATIVE RELATIONS 

The study to determine sis 
Canal has not yet oroc# .... 
viouuly described c:~n ~. 
existing channelz - are 
be continued. It is bc 
been dotermlned and the 
principles it will bo 

the various conditions~mo~ in irrigation doslgn .... 

Q 

! 

O 
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liar , 

ACF~OWI~IX~TS 

In 
clos doullng 
goutiono ~.oro thus s 
his own idoou. It i 

~orc original .und .Thlcn ~1oro socurod from 
i~t~ces ideas or i~inu~ ~n ~ .A.+~ ,w'~-~ 
the li~eratur( 
cause at that 
The articles ~ c 
been t.ueor~or~ 
cussers of thc 
is also Indebt 

~Ion, for many noAprul suggQstions. 
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