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I n t r o d u c t io n

I t is known th a t during the passage of a flood the channel of
an alluvial stream scours and fills w ith considerable rapidity.
Though such changes may be random, it seems more likely th a t there
is a definite p attern of channel change directly related both to dis
charge and to the sediment load provided to the river by the d ra in 
age basin.
In a study by the authors [1] an analysis was made of concurrent
values of suspended sediment load and width, mean depth, mean
velocity, and discharge at a num ber of gaging stations. F rom the
data analyzed it appeared th at fairly definite relations exist be
tween these variables. These relations are summarized in Fig. 1,
to which the following definitions apply:
w = aQb , d = cQf
v = kQ'" , I = qQi

in which
w =
d =
v =
I=
a, c,

width of w ater surface, in feet.
mean depth, in feet, cross-sectional area divided by width.
mean velocity, in feet p er second, discharge divided by area.
suspended sediment load in the stream, in tons per day.
k, p, b, f, m, j = coefficients and exponents.
In Fig. 1 the ordinate is the ratio
m _rate of increase of log of velocity w ith log of discharge
f
rate of increase of log of depth with log of discharge

The figure shows th a t for a given relation of w idth to discharge
(value of b), the slope of the suspended load ra tin g curve j is a
function of the ratio m /f .
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Sim ilar relations are derived for constant discharge and can be
expressed as follows, com paring n atu ra l channels of various char
acteristics. F o r constant discharge and width, an increase in sus
pended load is accompanied by an increase in velocity at the ex
pense of depth. F o r constant discharge and velocity, an increase in
w idth at the expense of depth is accompanied by a decrease in sus
pended load. I f these relationships exist between various natu ral
river cross sections in alluvial streams, it is logical th at they should
also apply to the short-term changes of these same factors during
scour and fill accompanying a flood passage.
This present discussion concerns the analysis of some particular
flood passages d uring which an adequate num ber of essentially
simultaneous measurements of suspended load and discharge were
made. To be useful for this purpose the discharge measurements
m ust be made by cu rren t m eter in order th a t changes in width,
mean depth and mean velocity can be determined.
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Consider first the gaging station on the San J u a n River at Bluff,
Utah. This river has a bed of sand, silt, and some gravel, which
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characteristically shifts d uring a flood. A t high stages the banks of
the stream are fixed by rock walls, b ut some changes in w idth are
possible at low stages. The control at the station is a reach of gravel
and boulders ju st downstream from the gaging section, subject to
shift under flood conditions. Discharge m easurements are made
from a cable.
Daily current-m eter measurements and suspended-load samples
are available for a few years. F ig u re 2 shows the changes th a t ocwiar
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curred d u rin g a river rise between September 9 and December 9,
1941. Bach measurem ent is indicated by a point in each of the six
graphs. F o r example, d uring the first day of the rising stage the
discharge was 635 cfs., width 171 ft., depth 1.20 ft., velocity 3.08
fps., and suspended load 2,140 tons per day. To sim plify the picture,
an interm ediate rise and fall in discharge between September 16
and 29 is omitted. The width-discharge relationships show th at the
rising discharge was accompanied by a slight increase in width up
to the peak of 60,000 cfs. and the falling discharge retraced nearly
the same p ath on the w idth curve.
Load, on the other hand, increased a t a very rap id rate as the
discharge rose from 600 to 5,000 cfs., then remained essentially con
sta n t while the discharge continued up to 60,000 cfs.
D epth increased uniform ly with discharge up to about 5,000 cfs.
Then the slope of the depth-discharge curve increased as the dis
charge rose from 5,000 to 60,000 cfs. D uring the falling stage, a
new slope of the depth-discharge curve was established which was
interm ediate between the two values during the rising stage. Note
that, at a discharge of 5,000 cfs., the depth was approxim ately 3.2
ft. d u rin g the rising stage and 4.4 ft. d uring the falling stage.
A corresponding adjustm ent in the velocity-discharge curve is
apparent. A t 5,000 cfs. during the rising stage the velocity was 8.6
f p s .; a t the same discharge d uring the falling stage it was about
6.0 fps.
The g rap h of stream-bed elevation versus discharge is also of in
terest. Bed elevation as plotted is a relative value which was derived
by subtracting the mean depth from the gage height (water-surface
elevation). This difference is a satisfactory estimate of bed eleva
tion since w idth varied b u t little w ith discharge. Detailed river cross
sections at various intervals d uring the flood have been plotted from
current-m eter measurements and are presented in Fig. 3.
The bed elevation rose d u rin g the first p a r t of the flow increase.
T hat m aterial deposited on the stream bed at the measuring section
d u rin g the initial p a r t of the flood can be seen by comparing the
cross sections in Fig. 3 for September 9 (635 cfs.) and September
15 (6,560 cfs.). Note th a t this deposition continued progressively
as long as the slope of the sediment-discharge curve was great.
A t a discharge of about 5,000 cfs. the sediment-discharge curve
became less steep and rem ained so as the discharge continued to
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rise to the peak flow of about 60,000 efs. A t discharges between
about 5,000 and 60,000 cfs. the suspended-sediment concentration
increased less rapidly per increm ent of discharge th an in the range
below 5,000 cfs. The smaller rate of increase of suspended-sediment
concentration was associated w ith bed scour. A fter the peak flow,
the falling discharge was accompanied by a stable bed elevation.
This flood was one in which the slope of the width-discharge curve
was about the same throughout its p assag e; consequently, the m u
tual adjustm ent between suspended load, velocity, and depth is
quite evident. A t 5,000 cfs. d u ring the rising stage the suspended
load was approxim ately 1,000,000 tons per day. A t the same dis
charge and width, during falling stage the suspended load was only
100,000 tons per day. The lower suspended load was accompanied
by a smaller velocity and a correspondingly greater depth. This is
in accord with the relation already n o te d ; th a t is, at constant dis
charge and width, decrease in suspended-sediment load is accom
panied by a decrease in velocity and an increase in depth.
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The observed relations d uring this flood are also in accord with
the concepts explained in connection with Fig. 1. F o r the same
value of b (slope of the width-discharge line), a decrease in the
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value of j (slope of the suspended load-discharge line) is associated
with a decrease in the m / f r a tio ; th a t is, the slope of the velocitydischarge line m decreased while the slope of the depth-discharge
line / increased.
As a second example of the day-to-day adjustm ents of channel
shape and suspended load, the spring rise of 1941 on the Colorado
River at G rand Canyon is used (Fig. 4). D u rin g this flood passage,
at a discharge of 20,000 cfs. there is a break in the width-discharge
curve, as well as in the relations of load, velocity, and depth to dis
charge. A t 20,000 cfs., during the rising stage the load was about
1,000,000 tons per day, whereas during the falling stage the daily
load was about 120,000 tons. This smaller load was accompanied by
a definite increase in depth and decrease in velocity, whereas the
width remained the same.
I t is to be noted th a t the bed elevation rose d uring the first por
tion of the flood, fell as the discharge continued to increase toward
the peak flow, and continued to fall d u rin g the falling stage. A t
20,000 cfs. the bed elevation was 8 | ft. lower on the falling th an on
the rising stage. The gage height, plotted against discharge, showed
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th a t the w ater surface was the same in both rising and falling stages
at each discharge. A t the m easuring section, therefore, the differ
ence in channel shape was taken care of by changes in bed, but the
control downstream, a bar of heavy gravel, did not shift.
Deposition on the bed d uring the initial p a rt of the flood rise can
be observed in the successive cross sections in Fig. 5. The river bed
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was lower on J a n u a ry 12 (5,210 cfs.) th an on March 6 (23,400 cfs.).
These cross sections dem onstrate th a t the bed filled during the first
p a r t of the flood and then scoured as the discharge increased above
20,000 cfs.
A fu rth e r example, which illustrates another type of adjustm ent
to changing suspended load, is provided by the spring rise of 1948
on the Rio Grande at Bernalillo, N. Mex., presented in Fig. 6. There
was some decrease in suspended load at the peak discharge of 11,000
cfs. The lesser load d uring the falling stage was accompanied by a
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shift to smaller velocities and larger depths w ith practically no
change in width. The relation of bed elevation to discharge, how
ever, shows th a t the river bed scoured d uring the rising stage when
the sediment concentration was high and filled d uring the falling
stage when the concentration was low. The San J u a n at Bluff and
the Colorado at G rand Canyon, on the other hand, deposited d uring
a p a rt of the rising stage, then scoured d uring the rem ainder of the
rise and continued to scour d u rin g the falling stage.
F igure 7 presents three cross sections of the Rio Grande channel
at the gaging station d uring the passage of the 1948 spring freshet.
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The scour of the bed was irregularly distributed across the section
but on the whole scour occurred progressively up to the peak dis
charge, followed by deposition d uring the falling stage.
The foregoing analyses of scour and fill of a river bed during
flood demonstrate th a t the changes in the bed occur simultaneously
with variations in the rate of change of suspended-sediment con
centration. It is postulated th a t the observed changes in the stream
bed resulted from changes in the sediment load brought into the
reach from upstream , and th a t the hydrodynam ic factors involved
tend to promote a m utual adjustm ent between channel shape and
the sediment load carried into the reach. The changes in sediment
load which result in a change of channel shape involve both bed load
and suspended load. However, because only the suspended load is
measured, it is necessary to use the d ata on the suspended fraction
of the load as an index to the total sediment movement.
That the suspended fraction is a m eaningful index is demon
strated by the fact th a t the relations between the channel shape fac
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tors and suspended load, derived from measurements of a number
of different rivers, appear to apply in principle to channel changes
a t a given station d uring an individual flood. Specifically, with no
change of w idth a decrease of suspended load at a given discharge
was accompanied by an increase in depth and by bed scour result
ing in a decrease in velocity. This is the type of change indicated
by Fig. 1. The decrease in velocity provides the necessary ad ju st
m ent of capacity to carry the load of the p articu lar size distribution
supplied. In response to a decrease in load, the channel shape be
comes adjusted through scour to the lower capacity required for
equilibrium.
In the foregoing hypothesis it was postulated th a t the changes
in channel shape occurred in response to a change in sediment load
brought into the reach. This requires proof th a t the observed change
in suspended sediment is not the result of the observed change of
velocity in the reach ra th e r th an the cause.
I f the high suspended-sediment concentrations resulted from the
scouring action of high velocities, it would be implied th at high ve
locity in a given reach scours the channel in th a t reach. The increase
in sediment in tran sp o rt resulting from the local bed scour should
then account fo r the observed increase in sediment concentration.
U nder such an assum ption increasing velocity should be associated
w ith bed scour and decreasing velocity with deposition on the bed.
F o r rising stages the San J u a n River at Bluff (Fig. 2) and the
Colorado River a t G rand Canyon (Fig. 4) the beds aggraded during
a period of rap id ly increasing velocity concomitant with a rapidly
increasing suspended-sediment load. The sediment necessary for
deposition obviously came from upstream .
W ith respect to the seasonal sequences of scour and fill, the three
rivers discussed are typical of a num ber of streams in the western
United States. The spring floods are derived prim arily from snowm elt in the mountains. Considerable sediment is carried into the
m ain stem channels by this melt water, and this load is augmented
by the tran sp o rt of readily available m aterial deposited in the chan
nel system d uring the local summer floods. Passing of the spring
flood leaves the river bed at a lower elevation th an th a t preceding
the spring snowmelt. This succession of events is approxim ately the
same each year.
To summarize, the scour and fill of the bed of an alluvial river
d u rin g flood appears to be an adjustm ent of channel shape in re
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sponse to a varying sediment load. This adjustm ent takes place
rapidly, b u t should not be in terp reted as im plying a complete ab
sence of a time lag. In the long-continued flood passages derived
from spring snowmelt, the progressive adjustm ent of channel to
load is easily observed, as has been dem onstrated. However, similar
graphs for small irreg u lar changes in discharge, even for the same
stations, show th a t the adjustm ent is not complete. A time lag of
days or perhaps weeks is required fo r adjustm ents to take place, as
might be expected.
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I t has been stated earlier th a t at constant discharge the suspended-sediment load appears to be related to the quantities —•
width, velocity, and depth. I t was noted th a t at constant w idth and
discharge, increased suspended-sediment load would be associated
with increased velocity. B u t because Q and w are constant, the pro d 
uct V d m ust be constant. A ny increase in velocity, therefore, m ust
require a decrease of depth.
Consider the M anning fo rm u la :
V=

— d S 1/2
n

in which V = velocity
d — depth = hydraulic radius
S — slope of the energy grade line
n = roughness param eter
It is clear th a t an increase in velocity and a decrease in depth reS1/2
quires an increase in the factor -----; or, in other terms, increased
n

velocity and decreased depth would require an increase in channel
slope or a decrease in roughness or both.
Because of the ap p aren t im portance of the suspended-sediment
load of streams in channel configurations, it is necessary to consider
the general effect of sediment load on channel roughness. Yanoni
[2] showed th at an increase in suspended load tends to decrease
channel resistance and thus causes an increase in velocity. He ex
plains this effect as a result of decreased turbulence. The same effect
was noted by Buckley [3] in measurements of the Nile River and
by Thomas [4].
The effect of suspended-sediment concentration on channel rough
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ness was discussed by Thomas, who also concluded th at increased
concentration was associated w ith decreased values of M anning
roughness factor n.
I t should be expected, then, th a t when a given river cross section
is considered, the large changes in suspended-sediment concentra
tion which occur w ith changes in discharge should be reflected in
im portant changes in channel roughness. In a given cross section, an
adjustm en t of slope probably cannot take place rapidly enough to
account fo r the observed variations in the velocity-depth relations.
The velocity-depth changes and their relation to suspended load
observed at a single cross section, as on the Colorado River, the Rio
Grande, and the San J u a n River, are typical of all the cross sections
studied for which adequate d ata are available. This appears to sup 
p o rt the concept th a t such changes are typical of fairly long reaches
of channel, measured in tens of miles rath er th an in tens of yards.
I f this is tru e it is impossible to believe th a t changes in slope pro
vide the p rim ary mechanism which accounts for the observed
changes in velocity-depth relations. In long reaches of river a con
tin u ity of slope m ust be m aintained, at least during periods of some
months. In other words, the changes in velocity-depth relations ty p i
fied by the individual floods m easured at G rand Canyon, Bluff, and
Bernalillo m ust prim arily represent changes in roughness rather
th an in slope.
No attem pt has been made in this prelim inary analysis of the
problem to explain the hydrodynamics of the empirical relations ob
served. C ertainly bed load is im portant in helping to determine
roughness, b u t the available d ata 011 suspended load must, perforce,
be used as a rough index to the load conditions. F u rth e r work of a
theoretical n atu re as well as additional analysis is required to ex
plain more fully the observed general relations.
D

is c u s s io n

Mr. Coldwell stated th a t even though Mr. Leopold has presented
so much worthwhile m aterial, he wished to introduce a new aspect
of the problem. The W ashita River arm of Denison Reservoir, on
the Red River between Oklahoma and Texas, (Fig. 8) offers an op
p o rtu n ity to observe conditions of bed scour and fill of quite pro
nounced magnitude. The differences between the locations men
tioned by Mr. Leopold and this one are th at the m easuring section
for the latter is affected by backwater from Denison Reservoir, and
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that rises on the W ashita River are almost always short in duration
and are not caused by melting snow. D u rin g flood periods the watersurface slope is about 1.5 feet per mile, then as the reservoir ap 
proaches its normal pool elevation the slope becomes negligible. A t
the nearest gaging station upstream not affected by backwater some
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change in the bed occurs d uring each flood, but, as soon as the flood
is over, the bed is in approxim ately its original condition. A t the
location being discussed, changes are more gradual.
The stream section on Feb. 15, 1949, is shown in Fig. 9. In May
1950 a flood of near record discharge, b u t not g reat volume, oc
curred, resulting in the stream section shown for May 13, 1950. The
duration of flow greater th an base flow was only about 3 days. On
May 19, only 6 days afte r the crest of the flood, another measure
ment was requested at this station. C ontrary to expectations, there
had been no significant change in the bed d uring the 6-day period.
Now, it is realized th a t backwater from the reservoir had decreased
the supply of suspended sediment. On December 28, 1950, the sec
tion was as shown. D uring this 7-month interval there had been a
few short periods of about 10,000 c.f.s. inflow d u ring the summer,
b u t very low flows d uring the fall months. Observations since th a t
time show th at the stream is always tending to re tu rn to the con
dition of December 28, 1950. Incidentally, the w idth of the pro
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nounced channel almost exactly fulfills Gerald L acey’s equation for
w etted perim eter, p — 2.67 V Q. D uring rises, the w idth is always
less th an th a t indicated by Lacey b u t probably this is because the rise
is not of sufficient duration. A p p aren tly the stream is always trying
to stabilize at some w idth comparable to th a t given by the equation.
Mr. Leopold has effectively shown th a t the bed elevation rises d u r
ing the early p a r t of the rise on the Colorado River, b u t the same
th in g does not seem to happen on the Rio Grande. Could it be that,
on the Colorado River, in try in g to a d ju st to its desired width the
river had too much depth during the early p a r t of the rise ? There
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is evidence on all the low-flow cross sections presented th a t the por
tion of the channel where concentrated scour is taking place is only
a fraction of the w idth covered by water.
Mr. Mitchell praised Mr. Leopold’s attem pt to provide a func
tional relationship between the movement of suspended sediment
and the so-called “ hydraulic geom etry” of the stream channel
through which this movement occurs. A relationship of this nature
would be a g reat boon to the engineer concerned with sediment prob
lems in a river, as well as to the geologist, for whom Mr. Leopold’s
investigations seem prim arily to have been made. I t is questionable,
however, th a t the profession can benefit appreciably from the work
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done by Mr. Leopold so far, since his approach inherently obscures
the variations in the hydraulic geometry — sediment movement re
lationships which are im portant to the hydraulic engineer. The
needs of the geologist and the hydraulic engineer are antithetical
in this case — the form er works w ith averages for decades and cen
turies, while the latter is concerned mostly with averages for days,
months and years.
Mr. Leopold has established his relationship between width, depth
and velocity of flow from records of discharge measurements made
at regular river-measuring stations over a period of years. These
stations are intentionally located at points where the change in the
width-depth-velocity relationship with discharge is as nearly reg
ular as possible, since this reduces the cost of station operation. The
width is usually well fixed and careful consideration is given to the
degree of “ control” which exists to regularize the change of depth
with discharge. U nder such conditions it is not surprising th a t aver
age values of the exponents of Q in the relationships w = aQb,
d = cQf, and v >== kQ m should be well defined by a large num ber
of measurements. I t is probable th a t Mr. Leopold has selected, of
necessity, the most simple case (a t constricted sections) to develop
his thesis and th at there are few other locations in rivers where this
average relationship is applicable.
The selection of total suspended sediment load as a variable de
pendent upon discharge in the effort to relate sediment behavior to
channel shape and flow velocity may have been the u n fo rtu n ate re
sult of having too little data on sands alone w ith which to work. His
assumption
L = pQ 1
implies that the flow is responsible for the total suspended load of
the stream and is derived from the “ sediment ra tin g cu rv e” idea.
This assumption has been shown to be fallacious for short-term con
ditions in m any watersheds. W hen drastic variations in climatic
conditions (drought, etc.) are considered, it is probable th a t a sedi
ment rating curve would not be correct except when based 011 rec
ords covering scores of years and should not be applied except as
an average for a sim ilarly long period. H is method of relating sus
pended sediment movement to hydraulic geometry
j = cp(m//) for various values of b
is ingenious but highly empirical. The use of such a relationship
requires th at the m any variations be explained by either change of
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slope or of roughness. No data
are available to show how either
of these im portant parameters
may be related to such varia
tions, and without such con
sideration, the validity of the
above assumption is highly
questionable. I t is probable
th a t some variation in hy drau 
lic geometry occurs with vari
35
ation in movement of sands, but
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k

w

V

Vi
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mean velocity v' for each fractional area w ’d', which are then m ulti
plied to give the fractional discharge q. These derivations are simply
Q= q

, A = w ’d'

w — w' , d ~ a / w , v = Q /a

However, it was found th a t the values of /, m, and j were negative
at times and th a t absolutely no correlation could be obtained be
tween m / f and j w ith various values of b. A n attem p t was made to
reduce the scatter in the latter plot by averaging the slope, b u t nega
tive values were yet obtained at times and no tren d with b became
apparent. Some water-slope data taken d uring a 5-day period a t the
peak of the flood were analyzed to see if any correlation between
the roughness factor n in the M anning form ula and the values of j
could be found. This effort was unsuccessful.
The principal results of this attem pt to apply Mr. Leopold’s ap 
proach were the demonstrations th a t negative values of the ex
ponents are to be expected in practice and th a t no relationship with
the exponent b can be found. The conclusion which m ust be draw n
is th at Mr. Leopold has much more work to do on his theory before
it can be used to advantage by the hydraulic engineer.
Mr. Sullivan rem arked th a t during the flood of A p ril 1952 on the
Missouri River, measurements at Sioux City indicated th a t a shift
in the bed and stage-discharge relation occurred at a stage of about
10 feet, as compared to a peak stage of 24 feet. I t was not u n til the
stage returned to about 12 feet th a t another shift, which ap p aren tly
occurred about the first of May, was noted. Sim ilar conditions were
not noted at other Missouri River stations downstream. The explana
tion of the Sioux City shift is not clear.
Mr. Izzard asked if Mr. Leopold had any d ata of bed movements
in the Minnesota River. He understood th a t at several bridges the
bed had lowered from 10 to 15 feet.
Mr. Craven commented th a t from observations of sediment move
ment in water in pipes, as the sediment concentration increased a
bed appeared in the form of scattered dunes, which became p ro 
gressively larger and flatter as the concentration increased, ac
counting for the increase in roughness with increasing concentra
tion, to which Mr. Leopold referred.
Mr. Laursen asked if Mr. Leopold had any inform ation on the
particle size of the suspended load as compared to the bed m aterial.
Mr. R and inquired if the slope which was referred to was th a t
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of the river bottom, the flow surface, or the energy grade line, and
if the free surface and the bottom could be considered parallel.
Mr. H arrison contributed a discussion of two points. The premise
th a t changes in a suspended-load concentration can be correlated
directly to scour and fill at a cross section is not necessarily valid.
W hether or not a reach of river aggrades, degrades, or remains in
equilibrium depends on the balance between the bed-material load
transp o rted into the reach and th a t transported out of the reach.
A n increase in discharge can bring about an increase in the bedm aterial load supplied to the reach, but, a t the same time, it also
increases the tran sp o rtin g capacity of the reach itself. If the in
crease in capacity equals the increase in supply, 110 net change in
the bed elevation will result even though sediment concentration
increases. F o r this reason, scour and fill more properly should be
related to the difference in the rates of bed-material transport at the
upstream aud downstream ends of a short reach rath er than to the
change in the concentration at a single cross section.
H is second point for discussion was the use of total load concen
tratio n in this study. As pointed out above, only changes in the con
centration of those sediment sizes which are also found in the bed
shoidd be significant in a study of bed changes. Since an alluvial
river bed contains mostly sand and very little silt or clay, the analy
sis would have been more significant if it were based only upon the
sand portion of the total sediment load.
A fte r expressing appreciation for the discussers’ contributions,
the authors called to the attention of Mr. Coldwell the fact th at the
Lacey equation relating wetted perim eter to the square root of dis
charge is not strictly applicable to changes at a given stream cross
section. I t should be restricted to the comparison of widths of vari
ous cross sections distributed along the length of a river in which
discharge increases w ith increasing drainage area.
In answer to Mr. Coldwell’s question concerning the comparison
of the Rio Grande and the Colorado River, the authors reiterated
th eir belief th a t scour or deposition on the bed depends to a great
extent on the sediment load brought into the reach. The sequence
in the Colorado-River example of fill and scour during the rising
stage was concurrent w ith a sequence of rap id increase of suspendedsediment concentration followed by a less rap id increase. Mr. Coldw ell’s explanatory statem ent is considered essentially correct but
the authors would change the wording slightly. The Colorado, under
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the condition of width existing, did not have sufficient velocity to
carry the supplied load. The increased velocity necessary for quasi
equilibrium was attained by deposition on the bed.
The authors stated th a t this principle is shown clearly by the data
presented by Mr. Mitchell in his discussion. They felt that, fa r from
dem onstrating the inapplicability of the generalization presented
by them as Mr. Mitchell suggested, these d ata supported it. They
make the following interpretation of Mr. M itchell’s plot (Fig. 10),
but the explanation must rem ain incomplete because Fig. 10, in con
trast with the a u th o r’s examples, does not include graphs of bed
elevation, water surface, and channel cross sections.
That p a rt of the rising stage between points 6 and 15 d u rin g
which width was nearly constant was characterized by a nearly con
stant load, or in other words a decreasing sediment concentration
with increasing discharge. In contrast, on the falling stage, between
points 15 to 22, load changed rapidly w ith discharge or concentra
tion was nearly constant.
According to the principles outlined in the paper, the authors
would expect the rising stage to show a less ra p id change of velocity
with discharge th an the falling stage. The velocity-discharge graph
shows this admirably. Similarly, between points 6 and 15, the depthdischarge curve should be steeper th an between points 15 to 22, and
the graph shows this clearly.
Using the reasoning at constant discharge, the authors called a t
tention to the comparison of point 5 with point 21 in Fig. 10. These
two points fall at about equal discharge on rising and falling stage
respectively. W idths were also about equal. They postulated th a t at
constant discharge and width, a decrease of sediment load requires
for quasi-equilibrium a decrease of velocity at the expense of depth.
The comparison for Fig. 10 is as follows for Q = 170,000 cfs. and
W = 1800 ft, :
d
v
load
Rising stage (point 5)
16
7.8
3,100,000 to n s/d ay
F alling stage (point 21)
21
5.8
1,100,000 to n s/d ay
Thus the data bear out the postulate.
The authors w arned specifically against the com putation of val
ues of b, m, /, and j between each daily discharge m easurement or
during very short periods as Mr. Mitchell attem pted. They call a t
tention to their statem ent
sim ilar graphs for small irreg u 
lar changes in discharge even for the same stations show th a t the

http://ir.uiowa.edu/uisie/34

adjustm ent is not as complete. A time lag measured in days and
perhaps weeks is required for adjustm ents to take place.”
The relations between m / f , b, and j shown by the au th o rs’ Fig.
1 are considered tentative and modifications will be required as new
data become available. The im portance of the figure lies in the gen
eral relationship of the variables ra th e r than in the particular n u 
merical values.
The authors agreed w ith Mr. Mitchell in the present inadequacy
of the theory discussed for the prediction of events necessary in en
gineering design. They m aintained, however, th a t ideas which im
prove u nderstanding of scour and fill hold a promise of fu tu re p rac
tical results.
They held th a t Mr. M itchell’s example in Fig. 10, if inspected in
term s of the overall slopes of the various graphs as was done in the
examples presented by them, demonstrates the postulated relations.
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