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PRINCIPLES OF DESIGN OF STABLE CHANNELS IN ERODIBLE MATERIAL 
By E., W. Lane 

Introduction 

The practice of conducting water through channels excavated 
in the earth extends back beyond the dawn of recorded history. In 
China there are canal systems which have been in continuous operation 
for 2,000 years. It is only recently, however, that science has 
developed to the point 'Where the fundamental physical principles 
involved in such canals have been studied, with a view to improving 
their action, and securing channels which would give a maximum of 
service with a minim.um of expenditure4) The problem, however, has 
proved to be a difficult one, and the development of the principles 
involved is far from completion� 

To secure the best possible design of canals, a great many 
factors have to be considered. One group of these factors has to do 
with the quantity of water which will flow in the canal, and includes 
such factors as slope, cross sectional area, hydraulic radius, and 
roughness. If the canals pass through erodible material, or the water 
used carries sediment, another group of factors is included which 
involves freedom of the canals from scouring or sloughing of the banke 
or bed or from filling up with sediment. This may be called the 
stability of the cross section. There are also a great number of 
practical considerations, three of which are the ease of construction, 
the economy of cleaning, and freedom from weeds9 To secure the beet 
possible design all of these factors must be considered and, in some 
cases, balanced against each other to obtain the combination of factors 
which will give a maximum of advantage and a minimum of disadvantage. 
Until it is possible to analyze all of these factors, in order that 
they may be satisfactorily balanced against each other, a complete 
method of design of canals will not be possible. 

The fundamental principles involved in the flow factors have 
been worked out to a sufficiently satisfactory state for most design 
purposes, although some progress along this line is still possibleo 
The practical aspects mentioned above are known to those experienced 
in cans.l design, but no. satisfactory analysis has been developed for 

the design of canals from the standpoint of stability. It is with 
these stability factors that this memorandum deale. Considerable 
progress has. been ms.de in the analysis of canal side slopes from the 

* Pace 8 and Figures 3 end 4 revised OC'tobe 3, 1950 
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standpoint of sliding or sloughing, by the specialists in soil 
·mechanics, and reasonable satisfactory analysis of this part of the 
problem has been developed. This memorandum will1 therefore, be con
fined to the development of the principles of design of canals from 
the standpoint of freedom. of the banks and bed of the canal from scour 
from excessive velocities of the water, and from the filling of the 
canals by deposits of sediment brought into the canal by the water. 

History of the Stable Channel Problem 

The science of the design of stable channels in erodible 
material has been largely developed in India, where the world I s largest 
develoµaent of modern irrigation bas taken placeo As a result of the 
difficul!,:i,�� with canals in that country, Ro G. Kennedy, in two publi
cations ±/Ypreeented a method of designing canals for freedom from 
scour or from filling with sediment, which greatly improved the designs 
which were being made. This was followed by num.erous��ther papers, the 
most important g�/,b�ch were a paper by E. S. Lindley&and a series by 
Gerald Lacey I;;/2/§/Y./which latter cover the gradual development of an 
approach to the analysis of the stable channel problem, which has 
proved to be of great value in designing canals in India. 

Additi2q� studies, f��ed largely on Indian experience, 
those of Inglis !V2/and Blencrr=2.{ The experience in Egypt, which 
consider�!� from that in India has been given by Molesworth and 
Yeniduni� 

are 
differs 

In connection with the design of the All-A.merican Canal on 
the Lower Colorado River, it was found that the Lacey relations did 
not work out when applied to the fine sediments of this region, and 
after a thorough study of the literature of the field, a stateme9:21 of the general principles of stable charmel design was developed ::=I 
which approached the problem from a somewhat different angle than that 
generally used in India. The acceleration of construction of the All
American Canal project prevented the developing of these principles 
into quantitative relations which could be used in design. The form
ulation of an immense program of earth canals by the Bure�u of Reclama
tion has reawakened interest in this subject, and considerable thought 
has been given to extending the knowledge of the principles involved 
and the formulation of a general program of studies designed to secure 
the quantitative data necessary to expand these principles into formulae 
tables, and diagrams, suitable for the design of stable channels under 
a wide range of conditions. The followin.; report gives the general 
principles of stable channel design, as far as they have been developed 
by  this study at the present time. It also includes a statement of the 

y �efer to bibliography at end of this reporto 
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data and studies needed to develop quantitative design procedures from 
these principles and a brief outline of the program proposed to secure 
this data and carry out these studieso 

Principles of Design of Stable Channels in Erodible Material 
I 

The most_ important principles for the design of stable channels 
in erodible material, as developed by the angle of approach used in the 
All-American Canal studies, were presented in the paper reporting the 
results of those studies12l Fundamentally, they are really very simple 
and can be explained in a relatively few wordso To be stable, a canal 
in erodible material must not scour on the sides or bottom, and deposits 
of sediment must not take place in ito In order that the bottom or 
sides may not scour, it is necessary that the velocities at all points 
on the wetted perimeter be kept down to values low enough so that the 
material composing the banks and bed are not moved. In order that 
sediment deposits may not take place in the canal, it is necessary 
that the flow conditions in the canal be 8uch that the sediment intro
duced into it at the upper end be carried on through the canal and out 
at its lower endo These principles, therefore, involve: 

1. The distribution of velocities around the perimeter 
of channels of various cross sectionso 

2o The velocities nec�ssary to move particles on the 
perimeter of the canalo 

3 o The laws of transportation of sediment in a channel., 

Unfortunately, in the past, the st�ble channel problem has not been 
approached from this standpoint, and therefore very little data on 
these three points have been collectedo 

Forces Causing Scour on Canal Banks and Bed 

Scour on the banks and bed of a canal take place when the 
particles composing the surface of the sides and bottom are acted upon 
by forees sufficient to cause t hem to move. When a particle is resting 
on a level bottom of a canal, the force acting to cause motion is that 
due to the motion of the water past the particle. If scour is to be 
prevented, this movement must not be rapid enough to produce forces on 
the particle, sufficiently large to cause it to move. If a particle 
is on a sloping side of a canal it is acted on, not only by the velocity 
of the w ater, but also by the force of gravity, which tends to make it 
roll down this slope o The force tending to cause motion in this direc
tion is the component, in the direction of the slope, of the force of 
,eravity acting on the particle o If the resultant of the force due to 
the motion of the water, and the component of the force of gravity 
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acting on the particle, is large enough, movement of the particle 
will occur. Where cohesion of the particles occur, the forces acting 
must be sufficient to overcame this also. 

For example, consider a particle on the perimeter of t·he 
cross section of a c�nal in noncohesive material, as shown in Figure 1. 
If the bottom of the canal is level, as at A, the motion will occur 
when the water moves past the particle with sufficient velocity to 
produce a force F large enough to cause it to roll longitudinally 
down the canalo If the particle is on the side of the canal, as at B, 
there will act on it a force F2, due to the longitudinal motion of the 
water flowing down the canal, and the force of gravity, G, which will 
have a component(½, acting in the direction of the slope of the canal 
banko Motion of this particle will occur when the resultant, R, of 
the longitudinal force F2, and the gravity component�, is sufficiently 
large to cause motiono 

Velocity Distribution at Sides and Bed of Canal 

The movement of material on the banks and bed of a canal, 
therefore, depends upon the steepness of _the side slope and the velocity 
distribution near the banks and bed. The forces due to the slope of 
the sides is easy to analyze, but the velocity near the banks and bed 
is difficult to determine. The velocity conditions necessary to cause 
the motion of a particle lying on a canal bed are very complex, due 
to the variation of velocity with depth above the bed and the rapid 
fluctuations of velocity due to the turbulence in the flowing water. 
The water very near to the bed or banks moves slowly, and this velocity 
increases rapidly as distance from this surface increaseso This change 
of velocity with depth is complex, even with a very smooth surface, and 
with a rough one, it is even more so. The situation is further compli
cated by the effect of the turbulence fluctuations and the inertia of 
the particle. In the foregoing discussion, for simplicity, these effects 
have been ignored. Although a complete analysis of the conditions 
necessary to produce motion is too complex to completely analyze with 
our present hydraulic knowledge, some progress in this direction can be 
made since variations of velocity at various points on the banks and 
bed of a canal can be, to some extent, analyzedo 

Consider, for example, the cross section of a trapezoidal 
canal with a bottom width B, a depth D, . and a slope of the sides of 
1-1/2:lo 

If the canal is large enough so that the viscous forces are 
negligible, (i.e. at high Reynold's numbers) as would be the case in 
prototype canals, the velocity distribution should be the same, when 
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expressed in terms of the mean velocity, for all discharges.* Thus 
at any point in the cross section, for example, at mid-depth in the 
center of the channel, the velocity will always bear a fixed relation 
to the mean velocity of flow. Also the flow pattern should be similar 
or proportional for any other cross section with a similar s hape. For 
example, in all canals having the same ratio of B to D a.nd the same side 
slopes, the velocity distributions would be similar and proportional 
and the velocity at any point in one cross section would be similar 
to that in any other point in any other similar section with the cor
responding position. Thus, if we can get the velocity distribution in 
any model canal, we would have the distribution in any canal of 
similar cross sectiono 

Observations of velocity distributions in many trapezoidal 
channels have shown that channels with low width to depth ratios have 
velocities along the banks relatively higher than where the B/D values 
are high. Also that where the B/D values are above about 5, for the 
same side slopes, the velocity distribution is similar, and the velocity 
distribution over the center section, beginning at about 2-1/2 B/D dis
tance out from the bottom of the side slopes, varies only with the depth. 

The foregoing discussion has dealt with trapezoidal channels, 
but it can be applied also to other shapes of channels. The velocity 
distribution along the sides and bed of the channel should also be 
similar to that of all other channels having similar cross sections, 
and if we had this distribution for a canal of one cross section, 
we would have it for all similar canals. Unfortunately, very little 
data a.re available on the velocity distribution in channels, and 1 t is 
very difficult to measure satisfactorily the velocity close to the 
banks and bed. Consequently, little data. are available to give the 
velocity distribution near the bed and banks of canals of any cross 
section. 

Shear Distribution on the Canal Bed and Banks 

Since the velocity distribution would be similar for cross 
sections of similar shape, the distribution of the tractive force or 
shear at the canal bed and banks should also be similar for similar 
cross sections. In a great many studies of the movement of material 

*Whether or not this is true for velocities above Belanger•s 
critical value (Froude number greater than loO) may be controversial, 
but such cases rarely, if ever, enter into our problem. 
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by flowing water, this movement has been related to the tractive force 
values at the surface where the movement took place. In the study of 
stable channels, therefore, it is possible to approach the problem from 
the standpoint of tractive force distribution alon5 the banks and bed, 
as well as the approach from the standpoint of velocity distributiono 

As has been previously mentioned, oecause of the rapid 
change in velocity near the bed o r  banks of a stream, it is difficult 
to appraise the velocities acting on the solid particles composing these 
surfaces and therefore difficult to assign quantitative values to the 
velocities acting on these particles in a giv�n caseo Although the 
approach from the standpoint of tractive force is scientifically less 
exact, it is usually easier to get quantitative values for tractive 
force in a given case than it is to get quantitative values of velocity. 
For this reason the approach, from the standpoint of tractive force, is 
usually used in the analysis of problems involving the movement of 
coarse particles. Because o/ the extensive fundamental research which 
would be necessary before the stable channel problem could be solved 
quantitatively from the approach along the line of velocity, it was 
decided to use the tractive force approach in this analysis to get a 
useable solution and to perfect it later by bringing in the velocity 
acting on the particles, as the science of the subject developed4 

The relations between the velocities acting on the particles 
and the corresponding tractive force or shear are explained by Kalinske!2/ 
and will therefore not oe discussed here. Since no literature is avail
able giving the distribution of tractive force on the banks and bed of 
a canal, a study has been made of available data to determine it, as far 
as the limited information will permit. The method used was that devel
oped (or at lea�t brought into the literature of this country) by 
J o B. Leighl;r-:41. Consider the cross section of a channel through which 
water is flowing, as shown in Figure 2e According to the principles of 
tractive force, first developed by E. P. du Doysm the total tractive 
force on the perimeter of this canal, for a unit length in the direction 
of flow, is equal to the component of the weight of the volume of 
water in this unit length of canal, in a longitudinal direction, or 
the force which is causin6 this volume of water to flow down the canal; 
as can be seen from the following reasoning. Assuming that there is 
no acceleration of this water volume, the force causing motion muet 
be just balanced by the force exerted by the ba,nks and bed of the 
canal on the volume of water. This force is the tractive force or 
the shear. ihe magnitude of th.is tractive force is the component of 
the weight of the volume of water in the direction of flow, or this 
weight multiplied by the slope of the energy gradient of the canalo 
If the flow is uniform, the energy gradient is equal to the canal 
slopeo 
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If sufficient measurements of velocity have been made at this 
sect ion t o  show the ve lod.ty distri but ion by drawing the isove ls ( lines 
of equal velocity ) ,  it .is also possible to divide the cross  section of 
t he flow ing water up into H series of subareas by orthogonal lines 
startin6 perpendicular to the periJneter of the wetted section and run
n ing perpendicular to the isovels,  ending in the point of maximum 
velocity . Since the lines are perpendicular to the lines of equtl velocity, 
t here is  no net exch:mge of momentum across the.i-n and therefore no net 
shear �  The tract ive force d�e to t he we4.;ht of t he water enclosed 
between the l in e a  ori6inat ini::; from l:,he bott om and sides of the c anal 
is  exerted on that part of thi bottom or sides between t he respective 
lines � :i3y planimetering these part ial are.:,s, and thus determining the 
volume s of W/:l.te:r in.volved, it is pos .  ible to compute the tractive force 
exert ed on each of the part s of the c anal periinete r  a.'1d thus e stablish 
t he tractive force distribution over the bottom and sides determined 0 

The disposit ion of the tract ive force due to the volume of water lying 
above the locus of maximum veloc it ie s  in the vert icals is a contro-
versial matter o The l :ine s  perpendic ular to the isovels in this region 
extend t o  the water sur face o The re i s  bood reason to believe, however, 
that only a small p<'!rl of t he tr11ctive force represented  by the area 
above the locus of maximum velocities would be exerted on the air 
above the wator surface,  and that it would probably be near the t ruth 
to negle;ct the air drag entfrely ., In the se studie s this has been 
dons, and the tr�ctive forces on the botGom due to the area below the 
locus of maximum ve locities have been L1creased by the rat io o! the 
area above this loc'-15 to the area be low t he locus w 

If' suffic ient lnformat ion was available,  it would be possible 
to plot diagr.:ims such as tho se on Figure 3 ,  showing the distribution 
o f  thf:: tract ivr� force  on the bottom and side s of a large variety of 
shape s  of trapezoidal channels o In the se diagrams the magnitudes  of 
the tr tctive force could be expressed in terms of percentages of the 
tractive force which would occur in an infinitely wide channel with a 
depth of Flow D equal to the depth of flow over the level bottom of 
the trapezoid , or to vms where \i is the unit wei5ht of water, D the 
d<':tpth and S t he slope of the energy gradient .,. 

Applicat ion of  Tr active Force Distribut ion to Canal Design 

From the st.udies made of av ail.able dat a  the tractive force on 

t h  · d o f  a trap· ezoidal channe l ho.s been found t
_ 
o va:ry from ·zero at _ e si es . d . t he water surface to a maxJ.mum p art way down the side s and then ecrease 

to the bottom of the side slope� On the bottom it varies from a minimum 

at tbe bott om oi' the side slopes t o  a maxi.1uum in the c enter.o For canals 

with a B/D value 6r eater than about 5 ,  the tractive force remains the 

s a.ue , '.it :,e arly 101.J percent of WDS, across  the bottom beginning about 

2-1/2 D distance out from the sides .. 
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From a large nmber of velocity distribution observations in 
trapezoidal channels, it would be possible to plot a diagram ae shown 
in J'igur 4 showing for the bottom and sides ot trapezoidal cha.rm.els 
the ma:icimum tractiYe forces expressed ae percentages of WDS t'or various 
side slopes and ratios B/D ot channel bed width to tlow dtlptho 

J'rom an analysis ot literature on tractive forces which will 
Just start motion of bed particles of v�ious sizes, it is poseible to 
draw a ourve, such as the bottom line of Figure 51 showing the critical 
tractive force necessary to start motion fn a level surtace tor various 
sizes of particles . By combining these values with the forces �ue to 
the component of the weight ot the partiole dcwn the side elope, as . 
previously explained, it is possible to determine the critical tractive 
forces whioh will start motion on side slopes of various steepnesses. 

Pigures 4 and S are for purposes of illustration only, and 
should not be used for design, as they were not based on adequate data 
or studies for this purpose.  

By means of the d18'rams shown on these figures, when suf
ficiently perfected, the design of stable channels in coarse granular 
material for carrying water comparatively free ot sediment, can be 
readily carried out o The canal cross sections can f' irst be worked out 
to meet the hyqraulic nquiremants, and this canal section can then be 
tested to determine its sat'et1 from scour of the banks and bed o The 
value or IDS ean be worked out for the canal to be tested and troa 
Figure 4 the Talues of aaximum ratio s of' the t i1lot1ve force acting on 
the sides and bed or this channel to iDS can be detel'lllllled trom its 
side slope and B/D values . I! the value ot IDS, when multiplied _by 
these max1rn'IQ ratio nlues, exceeds the safe critical traotiTe force 
values for the size of material in whiah the channel ie emavated, ae 
shown in Figure 5, tor the bed and side slopes used in the sectiqn 
being tested, scour will take place . From the results ot these teats, 
depending on the circmatances in each case, it will otten be po.ssible 
to tell whether a better cross section could be selected and th� \ 
direction 1n which to move from the tested section to secure an. · ,  
improvement. 

wiu1s ror Nontrape121dal GbNJp•la 
· 

The foregoing discussion has been nt 12p largely on th• 
basis ot a trapezoidal section, but the principles apply equallyyto 
canals with cross sections of 8.IlY other shape . To analyze any s•ction 
it is necessary to know the velocity or the shear distribution around 
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the perimeter. To determine thes e  factors complet ely,  it is necessary 
to know perf ectly the l aws of flowi ng water ,  which have not yet been 
worked out .  However, it is bel ieved that mathematical approximations 
and approximate analogies can be worked out wh ich will give solut ions 
with sufficient accuracy for practical pu rposes. 

A first approximation has al ready been worked out for a 
channel of uniform cross section in which the granul ar mat erial on the 
ent ire surface of the banks and bed is just on the point of movement . 
This has been developed on the assumption that t he trac tive force at 
any point is proportional to the depth at that point . This is an 
approximation which is probably not far from the f acts in wide channels 
but may depart considerable from the truth for narrow ones. 

The devel opnent of this s olution was first undertaken by 
Chia-hwa Fau, whose results were publ ished by the Chinese Society of 
Hydrau l ic Engineers in their magazine "Hydraul ic .l!:ngineering, " Volume 15, 
No. 1 ,  page 74. This analysis has been checked and perfected by F. E o 

Swain and Ro E.  Glover of this Bureau . This gives the shape of cross section 
for any size of material and longitudinal slope of canal. Onl y  one discharge 
would produce this condition of impending movement for a given material size 
and slope. 

For a given s ize of material and longitudinal slope these 
assumptions produce, for one especial discharge, a cross secti_on which 
starts with a side sl ope at the sides equal to the angl e  of repose of 
the m aterial in which the canal is constructed, decreasing until at 
the cent erline the bottom is l evel . For discharges l arger t han this 
especial discharge, t he cross section is formed by  adding a l evel 
section to the bottom of width just sufficient to increase the dis
charge from the especial discharge t o  the des ired l arger dischargeo 
For discharges smaller than the es pecial discharge, the sect ion is 
obtained by s 1btracting enough of the area equally out on bot h  sides 
from the centerl ine of the sect i on for t he especial discharge, to 
reduce t he especial discharge the  amount necessary to produce the 
desired smaller dischargeo 

The Mos t  Efficient Canal Section 

The import ance of th is solution is not at first apparent , 
and r ests in the implications of the conditions fulfilled rather t han 
the cond itions themselves. The fact that t he material at all points on 
the bed and b anks of the channel is just on the point of moving, is not 
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of primary importll1ce t o  t he canal designer, but other fact s which 
can be deduced from this condition of impending mot ion are very 
important .  For eXP.mple j since the material on t he banks and bed at 
all po int s is just on the point of motion, if the s ide slopes at any 
point were a little steeper than this solution provides, the slightly 
increased component of gravity down this slightly steeper slope would 
increA.se the resultAnt force of this gravity c omponent and the long
itudin�l force exerted by t he w�ter enough to cause the particles to 
move o The side slopes of the c hannel with a cro ss sect ion as developed 
by this solution are therefore as steep as t hey can be made and still 
retain st�bilit y .  Also t he hydraulic radius o f  this port ion o! the channel 
is as great as ia possible and maintain st ability . The depth of t he level 
bottom, where t he channel is large e nough to require a level bottom, is 
aleo the maximum depth which t he channel can have and maint ain stabilityn 

The hydraulic radius of this sect ion of the canal is therefore 
a minimum, and the hydraulic radius of the bottom and sides c ombined is 
also a minimum. Hence for a �iven discharbe the velocity is  a maxim:u.ra 
and the cross-sect ional area of the flow is a minimumg 

Since the sides are as  steep as possible, and the depth of the 
c enter section as great as possible ,  the width of the cha.'1!lel at the 
water surface is a minim.um .· Jince t he s ide slopes above the water sur
face at the angle of repose of the material, whic h  is as  steep as pos
sible with st :ibility, with this miJ1irnum width a.t t he water surfRce, a 
minimwn of area of excavation above the water surfRce re sult s .  The 
c ombination of minimum area both above and below t he water s urface 
therefore produces the channel of minL'llUID excavation and therefore 
probably minimum costl' 

Perfecting of Analysis for Nontrapezo idal Shapes 

Because of the importance of this solut ion in t he pract ic�l 
design of irri6ation canals, it i s  very desirable t hat t he solution be 
further perfected by developing an approximation for t he trqctive force 
which will be closer to the facts than t he a6sumpt ion that it is propor
tional to the depth . This latter assumpt ion doe s not c onsider t he 
effect of the higher veloc ity c urrent s near the c enter of the channel 
dragging along the water near t he sides .  A st udy to  obt ain a s olution 
t aking int o account these effects ia now bein6 carried on by R.  Eo Glover . 

A study should also be made of the latest fluid mechanic s 
researc h to see what lieJit it throws on this subj ect .. The paper by 
Go H .. Keulegan on 11 1..aws of Turbulent Flow in Open Cha1mels 1110' should 
e specially be studiedo 
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It is also possible that the velocity and tractive force 
distribution might be approximated w�th sufficient accuracy by 'means 
of the membrane analogy. A rubber sheet stretched over an opening 
shaped like two channel cross sections with their water surfaces 
c oinciding and their bottoms on opposite sides of this common line, 
might be used. The isove ls coul.d be traced as contours, by placing 
an air pressure be low the membrane� This would give a distribution 
in which the maximum velocity was at the water surface in the center 
of the channe l. Mr. Glove r has suggested that the point of maxi.mum 
velocity might be moved to the point below the surface which actual 
observati ons indicated by means of a strini; attached at both ends 
of the water surface line and shortened until the highest point in 
the membrane was located at t he position corresponding to the point 
of maximum velocity. 

Design of Canals for Ma.xi.mum Slope 

It is often desired to make canals as steep as possible9 
in order to reduce the hlight of drop structu res to a minimum. 
Theoretically a stable canal can be made by  designing the canal wide 
enough to reduce the depth sufficiently to produce a ve locity so low that 
it will not scour the banks or  bed. There is a practical limit; however, 
to the width that can be used o  This depends upon how closely the canal 
can be  constructed and maintained to the exact grade e stablished for ito 
Any departure from the true grade is  likely to produce greater depth of 
flow at certain locations than expectedo These will result in greater 
tractiv e forces than planned and thus greater ability to cause scouro 

If sco ur is started it usually results in still greater depths and 
tractive forces, still further increasing the scour, the movement thus 
increasing progressively until it reaches prohibitive magnitudeso 

Although some analysis of thi s condition i s  possible, it is 
large ly a practical matter which can be determined only by experienceo 
A search to discover actual cases of canals where excessive scour unde r 
these conditions occurred, should therefore be made an d  the results 
analyze d  to the extent possible and presented to indic ate the practical 
limits to which such canals could safely be designedo 

Effect of Cohesion on Canal Cross Sections 

For the design of canals in cohesive material it wi ll be 
necessary to determine what velocities or tractive forces on the banks 
and bed variou s types of cohesive material will s tand, and design the 
canals to give values which do not exceed these limits . These limits 
wi ll probably have to be determined by observations on actual canals. 
Perhap s  the r esistance to scour of these materials can be related to 
the penetration values of the Proctor needle used in moisture determina
tions in earth dam construction . 
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In analyzing this type of channel it will probably be found 
that the forces of cohesion acting on a particle on the sides of a 
cana.1 are so much greater than the gravity force acting on it that the 
latter can be safely ignored. The mos t efficient channels for clear 
water in cohesive materi.als will therefore probably be these where t he 

tractive force on bottom and sides ts  equal0 

Effect of curvature 
-

The analysis so far discussed has dealt with straight canals, 
but many canals contain numerous bends and these increase the tendency 
to scour. So far as is known, no quan titative study of this phase of the 
stable channel problem has ever been made. It should, however, be 
subj ect to analysis, which could probably best be done in a hydraulic 
laboratory. Tests would be made of curves with various ratios of radius 
of curvature to bottom width, and various central angle s o  The effect ot 
spiralling the curves should also be investigatedo The results .from 
such tests could be  compared with observations on actual oanalso 

Effects of Seepage 

Seepage out of a canal produces  forces tending to stabilize 
material on the banks and seepage into a canal has an opposite effect� 
Under certain conditions these actions have an e ffect on the suscepta
bility of the oa.nal to scour. An analysis of the se conditions should 
be ma.de and the principles involved should be developed so that they 
can be used in design, where they apply .  

It i s  probable that in the case of canals carrying clear water 
at high velocities with bed  and banks of c oarse granular material, 
seepage effects will not be so important, since the finer portions of 
the surface layer will be largely washed away, the resistance of the 
remainder of the surface layer to perc olation, as compared with deeper 
layers, would be small. However, in fine-grained materials and especially 
those whe re the seepage out of a canal tends to filter out fine particles 
from the water which fo!WB an impervious c oating over the banks and bed, 
the seepage forces ma�, reach considerable D}agnitude and have an appreciable 
effec t on stability. It is probable that 'it is this effect which causes 
the resistance to scour in many canals to be capable of reduction by 
11 aging. 11 

/ 

Secondary Currents 

Under certain c onditi ons of fl ow in straight channels of 
uniform cross section, all the water does not fiow line arly in the 
channel, but spiral flows are set up in certun part s of the cross sec
tion. For example, in certain experiments in rectangular flumes carry
ing sediment spiral currents occurred which caused the sediment to  form 

' 
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on the bottom a series of parallel ridges extending down the flume� 
At present, little is  kn own about these secondary currents, and their 
effect is  usually probably small or nonexistant o In studies of  sediment 
transportation, however, they should be kept in mind and where pre5ent 
should be observed, in order that the laws governing them be developed 
and their importance in s ediment t ransportati on appraised. 

Canale Carrying Coa rse Sediments 

Since a stable canal neither fills with sediment or scours., 
if any sediment enters such a canal at the upper end it must be carried 
on through the c anal o The problem of preventing deposit in the canals 
is therefore a problem of designing the canals to transport the material 
brought into themo 

In most eases t he material which cause s trou ble by depositing 
in the canals is sand or coarser particles. Nearly a ll of this material 
moves along the bed of the canal o If the tractive force on the bed of 
the c anal is sufficient to cause it all to move al ong, there will be n o  
harmful deposit s, It is therefon? necessary to know the quantity and 
quality ( size )  of the sediment introduced into the c anal and the tractive 
force ne cessary to carry it down the canal. The c anal must then be 
designe d to provide· this tractive force on the canal bottom without 
pr oducing a tractive force on the sides greater than the material or 

which they are composed wi ll stando If the quantity of sediment intro
duced into  the canal i s  very large, it may not be possible to meet these 
c onditi ons, and d�sanding devices must then  be used  to reduce the sedi
ment load to be carriedo 

1'0 know the tractive force necessary to c arry the material 
down the c anal , the laws governing sediment transportation lllUst be 
kno-wn. Unfortunately, although considerable progress has been made and 
is  being made in developing these laws, a satisfactory knowledge is not 
now available o  It will, therefore, be necessary to s ecure a better 
knowledge of these laws, and the program proposed includee several 
s tudies in t his field. 

Canals Carrying Fine Sediments 

Many canals carry a considerable quantity of fine sediments 
which c olle ct al ong the sides of the canal and reduce the carrying 
capacity o This  type of material is  usually not s o  troubles ome as the 
coarser sediments , and somet_imes i s  beneficial, in that it tends to 
reduce seepage out of the oanalo The se side depos its are composed of 
particles of silt and clay sizes., and have considerable c ohesiono A 
study should be made of the tractive f orce this material will stand, 
and it should then be possible to design canals which wi ll prevent or 
limit its formati on. 
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Data and S tudies Needed to Develop Principles Quantitatively 

To use the principles of stable channels in the design of 
hydraulic projectl _ it will be necessary to develop them in a quanti
tative form. To do this a great deal of work will have to be done 
in the field, laboratory, library, a nd office . 

Briefl y stated, the data.. and studies needed fall into seven 
main divisions, as follows : 

a .  Studies of veloc ity and shear distribution in canals. 

b .  Studies of the effect of bends on velocity and shear 
distribution. 

c. Studies of critical velocities and trac tive forces 
in various materials. 

d. Studies of the laws of 1:1ediment transportation. 

e .  Investigation of experience in Bureau a nd other 
canals.  

f. Comparison of design procedures developed with data 
in l iterature. 

g. Preparation of design formulae, tables, and diagrams. 

In each of these main divisions there are a number of sub
divisions , making up a list of over 20 items. 

Proposed Program of Studies 

To obtain the data needed to develop adequate methods of 
canal design, a progri:i.ffi of office studies ,  laboratory investigations 
and field surveys and measurements has been drawn up, covering a period 
of about J-1/2 years . The details of this proposed program are given 
in a memorandum entitl ed 11 Proposed Program of Studies to Develop Methods 
of Design of Stable Channels in Erodible Material, " .C.:. W.  Lane, 
January 11, 1950. tU though this is  a large and expensive program, 
the cost of the canals  which may be construc ted is _so great that if 
the program results in a saving of only one percent in the cost of the 
canals, it will save the cos t  of the studies many times over .  
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