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GLOSSARY OF TERMS

Alluvial channel. A channel whose bed is composed of non-

cohesive material that has been or can be transported by .

the flow.

Antidunes. Bed features that usually form in upstream-moving
trains and are inphase with and strongly interact with
gravity water-surface waves. The flow is in the upper flow
regime; therefore, the water-surface waves have larger
amplitudes than the antidunes. At higher Froude numbers,
the surface waves usually grow until they become unstable
and break in the upstream direction. The agitation ac-
companying breaking obliterates the antidvnes, and the
process of antidune initiation and growth is then repeated.
At lower Froude numbers, the antidunes usually diminish
in amplitude without the surface waves ever breaking.

A depositional feature whose length is of the same order
as the channel width or greater, and whose maximum
height is comparable to the mean depth of the generating
flow. In longitudinal section, bars are approximately
triangular, having very long gentle upstream slopes and
short downstream slopes that are :approximately the same
as the angle of repose of the bed material. Alternate bars
and point bars have transverse profiles that are triangular
and taper from the bank to a point in the channel.

Bed material. The material of which a streambed is composed.

Clay. Sediment finer than 0.004 mm (millimeter), regardless of
mineralogical composition.

Bar.

Chute-and-pool flow. A flow condition that occurs where slopes
are relatively steep and water-sediment discharges are
relatively great, the channel consists of a series of pools,
in which the flow is suberitical, connected by steep chutes,
in which the flow is supercritical. A hydraulic jump forms
at the downstream end of each chute, where the chute
enters a pool. The chutes and pools may move slowly
upstream.

Dunes. Bed features smaller than bars but larger than ripples
that are out of phase with any water-surface gravity waves
that accompany them. Dunes generally form at larger flow
and sediment-transport rates than do ripples, but at smaller
flow and transport rates than do antidunes; however, ripples
often form on the upstream slopes of dunes at smaller rates
of flow. " In longitudinal profile, :dunes are approximately
triangular, having fairly gentle upstream slopes and down-
stream slopes that are approximately equal to the angle of
repose of the bed material.

Fall diameter or standard fall diameter. The diameter of a
sphere that has a specific gravity of 2.65 and the same ter-
minal uniform settling velocity as the particle (any specific
gravity) when each is allowed to settle alone in quiescent
distilled water of infinite extent and at a temperature
of 24°C.

Fine sediment. That part of the sediment discharge that
consists of sediment so fine that it is about uniformly
distributed in the vertical and is only an inappreciable
fraction of the sediment on the streambed (referred to by
some writers as wash load). Its upper size limit at a
particular time and cross section is a function of the
characteristics of the flow as well as of the characteristics
of the sediment particles.

Flow regime. A range of flow conditions having somewhat
similar resistance and sediment transport characteristics
that produce similar bed forms.

Lower flow regime. Flow in sand channels which result in bed
forms of ripples, ripples on dunes, and dunes.

Median diameter. Midpoint in the size distribution of a sedi-
ment, at which half the particles by weight are larger and
half are smaller.

Plane bed. A bed form that has no irregularities larger in
amplitude than a few grain diameters of the bed material.
The plane bed in a sand channel that has movement of bed
material occurs in the upper flow regime.

Ripples. Small triangular-shaped bed forms that have wave
lengths of less than about 2 feet and heights of less than
about 0.2 foot.

Sand. Sediment particles between 0.062 and 2.0 mm in diam-
eter.

Sand waves. Crests and troughs (such as ripples, dunes, or
symmetrical undulations) formed on the bed of an alluvial
channel by the movement of the bed material.

Sediment. Fragmental material that originates from the dis-
integration of rocks and is transported by, suspended in,
or deposited by water or air, or is accumulated in beds by
other natural agencies.

Sediment concentration. The ratio of the dry weight of the
sediment to the total weight of the water-sediment mixture,
expressed in parts per million.

Sediment discharge. The amount of sediment that is moved

by water past a section in a given length of time.

Sediment particles between 0.004 and 0.062 mm in
diameter.

Suspended sediment. Sediment suspended in the flow by
turbulent currents and (or) by colloidal suspension.

Standing waves. Virtually stationary waves that generally
develop as a train. They are sometimes called nonbreaking
antidunes.

Transition. A category for flows that mold bed forms ranging
from those typical of the lower flow regime to those typical
of the upper flow regime.

Upper flow regime. Flow in sand channels which results in
bed forms of plane bed (with sediment movement), standing
waves, and antidunes.

Velocity profile. Horizontal components of flow veloeity in
relation co depth at a vertical section over a point on the bed.

Silt.



SYMBOLS
A Area of flow cross section.
B Slope of semilogarithmic plot of velocity versus depth, above the bed.
C Velocity at a depth of 1.0 foot above bed.
Cg Chezy coefficient of discharge; equal to V/ V.
Cy Concentration of fine-sediment discharge.
C, Concentration of suspended-sediment discharge.
C, Concentration of bed material discharge.
D Average depth of flow.
d Particle size in terms of fall diameter.
dis Particle size for which 16 percent of the sediment by weight is finer.
dso Median particle size of the sediment.
dgs Particle size for which 84 percent of the sediment by weight is finer.
f Darcy -Weisbach resistance coefficient; equal to 8LV%—S
|4
F Froude number; equal to ——
AR 22
g Acceleration of gravity (32.2 ft per sec per sec).
n Manning’s resistance coefficient.
Q Discharge of water-sediment mixture.
qs Discharge of suspended sediment.
q: Discharge of bed material.
R Hydraulic radius.
R Reynolds number; equal to VTD
S Water-surface slope.
T Temperature.
14 Average velocity based on continuity principal.
Vs Shear velocity ; equal to vgDS or vro/p-
w Width of flume.
v Specific weight of water or water-sediment mixture.
p Dynamic viscosity.
v Kinematic viscosity.
p Mass density of water.
T A measure of sediment particle size gradation; equal to % [g%: +%: .
T Shear stress or tractive force on bed; equal to vDS.
w Fall velocity of a particle.
ENGLISH-METRIC CONVERSION TABLE
Principal items English unit Factor
Depthof flow____.________________________ 0. 3048
Length and width of lume__________________ £t 30. 48 ..
Particle size___.___________________________f e 304 8 ...
Hydraulie radius_ _ _ _______________________ ¢ Ommmmmmmes
Area of cross section_ _ ______________________ sqfto .. 929. g{)ééﬁ::::
Velocity of flow_ __________________________ £t 0.3048_.____
Fall velocity of particles____________________ Per 86C_- - oo -ooooooo- 30.48_______.
. 0. 005080 - - -
Velocity of bed configuration_________________ ftpermin_______________ 5080._____
01829.____
Water discharge_ _ ___________________.______ cu ft per sec (efs)._.______ { g g%gi?ib; o
Sediment discharge_ __ ______________________ Ib per sec per ft__________ 1.488______.
Acceleration of gravity . _____________________ ft per sec per sec_____.___ { 38 ig‘}?:::
478. 8 _ ...
Shear stress. - ______________________________ b persqft. . ._________. 0.4882____ ..
. 4.882_______
Kinematie viscosity .. _________._____________ sqft persec. . __________ 929. 0
Dynamie viscosity - _________________________ Ib sec per sq ft___._______ { 0 gigg!_s:::
Specific weight . ____________________ Ibpercuft . .. ___.__. 0.01602.____
Mass density.___ .. _________________________ slugpercuft____________ 0.5154______
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SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

SUMMARY OF ALLUVIAL CHANNEL DATA
FROM FLUME EXPERIMENTS, 1956-61

By H. P. Guy, D. B. Simons and E. V. RicaArRDSON

ABSTRACT

The primary purpose of this report is to summarize and make
available to other investigators the results of the hydraulic and
sediment data collected by D. B. Simons and E. V. Richardson
in a unique series of experiments at Colorado State University
between 1956 and 1961. The 339 equilibrium runs were made
in 2- and 8-foot-wide recirculating flumes for 10 sets of condi-
tions to determine the effects of size of the bed material, tem-
perature of the flow, and fine sediment in the flow on the
hydraulic and transport variables. The investigations for each
set cover flow phenomena ranging from a plane bed and no sedi-
ment movement to violent antidunes.

INTRODUCTION

As a part of the research program of the Water
Resources Division of the U.S. Geological Survey, a
project was organized in September 1956 to study the
mechanics of water and sediment movement in alluvial
channels. Answers to questions on resistance to flow
and sediment transport rates were sought at this time.
The solutions to resistance and transport problems are
complicated by the multitude of variables and parame-
ters involved and by the complex interdependence of
the variables.

The objective of the experiments was to obtain mean
values of the resistance and transport variables and
parameters for a large range of conditions most com-
monly found in natural streams and artificial channels.
The large quantity of data required for a general solu-
tion to the problem was considered best obtained by
use of recirculating flumes which ftend fo simulate
conditions of uniform flow and sediment transport in
an infinitely long channel. The recirculating-flume
data are indirectly comparable to those for most
streams where the water discharge, the imposed sedi-
ment discharge, and water temperature change con-
siderably during the period of storm runoff. Such re-
circulating flume data are very comparable to data

for regulated streams and canals fed by ground water
or man-made storage facilities and to data for streams
in which the water discharge changes slowly.

This report is a compilation of the data for 10 sets
of conditions, or for a total of 339 equilibrium runs in
recirculating flumes. The investigations for each set
covered flow phenomena ranging from a plane bed and
no movement of sediment to the antidunes first de-
scribed by Gilbert (1914). The general procedure of
recirculating the water-sediment mixture aided in ob-
taining the equilibrium conditions, because the rough-
ness elements which resisted the flow were formed by
the flow and the respective sediment-movement char-
acteristics. In the experiments used for this compila-
tion, the form of the bed was changed from plane
without sediment movement, to ripples, to dunes, to
transitional, to plane with sediment movement, and to
antidunes by altering flow conditions. For a set of
runs with a specific sand and flume, discharge and
slope were the principal controllable variants for alter-
ing flow conditions. Depth, velocity, fluid resistance,
sediment discharge, and, to some extent, slope changed
with time until equilibrium was reached.

The scheme of presentation in the report is to:

. Describe the equipment and sands.

. Describe the procedure of operation.

. Describe the data obtained.

. Describe the characteristics of the individual runs.

. Tabulate the mean values of the basic data for each
run.

. Tabulate the velocity-profile data for the runs hav-
ing such data.

The project was under the general supervision of

L. B. Leopold, Chief Hydrologist, Water Resources

Division, with technical guidance from P. C. Benedict,

R. W. Carter, and others from the Geological Survey.
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The principal investigators were D. B. Simons, project
chief, and E. V. Richardson. Technical guidance was
also received from faculty members, especially from
M. L. Albertson, at Colorado State University, where
the project was located. The principal investigators
were assisted in various phases of the work by W. L.
Haushild, D. W. Hubbell, and R. K. Fahnestock, of
the Geological Survey, and by H. J. Morel-Seytoux,
R. J. Garde, A. A. Bishop, K. Al-Shaikh Ali, Niwat
Daranandana, and H. C. Hilbrand, graduate students
in Civil Engineering. The report was compiled after
careful review of the original notes assembled during
the laboratory work.

The data contained in this report have been used in
several U.S. Geological Survey reports, professional
societies’ publications, and graduate student theses. A
partial list of these papers, exclusive of those given as
references, follows:

Bishop, A. A,, 1961, Sediment transport in alluvial channels, a
critical examination of Einstein’s theory: Fort Collins,
Colo., Colorado State Univ., Dept. Civil Eng., Ph.D.
dissertation.

Chang, F. M., 1962, An investigation of total sediment discharge
in alluvial channels: Fort Collins, Colo., Colorado State
Univ., Dept. Civil Eng., Ph. D. dissertation.

Chang, F. M., Simons, D. B., and Richardson, E. V., 1965, Total
bed-material discharge in alluvial channels: U.S. Geol.
Survey Water-Supply Paper 1498-1, 23 p.

Daranandana, N., 1962, A preliminary study of the effect of
graduation of bed material on flow phenomena in alluvial
channels: Fort Collins, Colo., Colorado State Univ., Dept.
Civil Eng., Ph. D. dissertation.

Garde, R. J., 1959, Total sediment transport in alluvial channels:
Fort Collins, Colo., Colorado State Univ., Dept. Civil Eng.,
Ph. D. dissertation.

Haushild, W. L., 1960, The effect of fine sediment on the
mechanics of flow in alluvial channels: Fort Collins, Colo.,
Colorado State Univ., Dept. Civil Eng., M.S. thesis.

Haushild, W. L., Simons, D. B., and Richardson, E. V., 1961,
The significance of the fall velocity and effective fall diam-
eter of bed materials: U.S. Geol. Survey Prof. Paper 424-D,
p. 17-20.

Hubbell, D. W., and Ali, Al-Shaikh, K., 1961, Qualitative effects
of temperature on flow phenomena in alluvial channels:
U.S. Geol. Survey Prof. Paper 424-D, p. 21-23.

Richardson, E. V., 1960, Sediment transport in alluvial channels
(examination of Bagnold’s 1956 hypothesis) : Fort Collins,
Colo., Colorado State Univ., Dept. Civil Eng., M. S. thesis.

1965, Resistance to flow in sand channels: Fort Collins,
Colo., Colorado State Univ., Dept. Civil Eng., Ph. D.
dissertation.

Richardson, E. V., Simons, D. B., and Haushild, W. L., 1962,
Boundary form and resistance to fiow in alluvial channels:
Belgium, Internat. Assoc. Sci. Hydrology Bull., 5 p.

Simons, D. B, and Richardson, E. V., 1960, Resistance to flow
in alluvial channels: Am. Soc. Civil Engineers Proc., v. 86,
no. HY5, 27 p.  Also published with closure in ASCE Trans.,
v. 127, pt. 1, no. 3360, 1962, p. 927-1006.
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Simons, D. B., and Richardson, E. V., 1961, Forms of bed rough-
ness in alluvial channels: Am. Soc. Civil Engineers Proc., v.
87, no. HY3, 19 p. Also published with closure in ASCE
Trans., v. 128, pt. 1, no. 3414, 1963, p. 284-323.

1963, A study of variables affecting flow characteristics

in alluvial channels: Federal Inter-Agency Sed. Conf., 24,

Proc., ARS, Misc. Pub. 970, p. 193-207.

1966, Resistance to flow in alluvial channels: U.S. Geol.
Survey Prof. Paper 422-J (in press).

Simons, D. B., Richardson, E. V., and Haushild, W. L., 1961,
Variable depth-discharge relations in alluvial channels:
U.S. Geol. Survey Prof. Paper 424-C, p. C45-C47.

1962, Depth-discharge relations in alluvial channels:
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EQUIPMENT AND SANDS

The flumes and related equipment used are in the
hydraulic laboratory adjacent to the Engineering
building on the main campus at Colorado State Uni-
versity. The bed materials were selected from natural
river sands found within a few hundred miles of Fort
Collins.

EQUIPMENT

Most of the data were collected in a recirculating
flume 8 feet wide, 2 feet deep, and 150 feet long. The
flow could be varied from 0 to 22 cfs (cubic feet per
second) by use of two pumps and a valve control on
the discharge lines. The slope of the plywood chan-
nel could be adjusted from 0 to 1.5 percent by screw
jacks. A schematic diagram of this flume is shown in
figure 1.

Many data relative to the effect of temperature and
fine sediment on resistance to flow and sediment trans-
port were collected in a recirculating flume 2 feet wide,
214 feet deep, and 60 feet long that has 14-inch clear-
plastic sidewalls and a Y4-inch stainless-steel plate
floor. The flow could be adjusted from 0 to 8 cfs, and
the slope, from horizontal to 10 percent. A schematic
diagram of this flume is shown in figure 2.

Each flume has specific entrance conditions, wall
roughness, and flow characteristics which may affect the
flow and transport variables. A given run, therefore,
cannot be reproduced exactly in another flume. These
recirculating flumes with constant-head tailboxes most
nearly duplicate flow conditions in alluvial channels,
except for highly variable flow of sediment from
tributaries.
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F1GURE 1.—The 8-foot-wide flume. After S8imons, Richardson, and Albertson (1961, p. 21). e, pumping units; b, orifices; ¢, headbox and diffuser; d, baffles and screens
¢, flume (8X2X1501t); f, tailgate; g, total-load sampler; h, tailbox; i, jacks supporting flume; j, connection to storage sump; k, transparent viewing window.

SANDS

The sands used for the 10 sets of experiments were
obtained from 5 sources: a deposit of decomposed sand-
stone near Denver, Colo.; the Elkhorn River near
Waterloo, Nebr.; the Cache la Poudre River at Fort
Collins, Colo.; the North Platte River near Scottsbluff,
Nebr.; and the Black Hills Silica Sand Corp., Hill
City, S. Dak. These national sands were modified by
sieving or washing away components of different sizes
for some of the experimental sets.

The sands used as bed material in the experiments
are identified by their median fall diameter. Table 1
lists each sand, where it was obtained, the kind of

processing used, and the general character of the ex-
periments. A particle-size distribution curve (size in
millimeter versus percent finer than indicated size) is
given in figures 3 and 4 for each sand. Figure 5 is
a composite of photographs of each sand to show
roundness, gradation, and relative size.

OPERATION PROCEDURE

The general operation procedure was the same for
both flumes and for the various sand sizes. In a nat-
ural stream, depth is dependent on discharge, slope,
bed roughness, and shape of channel. In a flume, only
discharge and shape of channel can be controlled
precisely, and slope only approximately. Slope and

k

Fi1GURE 2.—The 2-foot-wide flume. After Simons, Richardson, and Haushild (1963, p. 3). a. pumping unit; b, motor; c, center support; d, orifice; ¢, flexible connection
/, jacks; g, manifold diffuser; h, headbox; i, baffles and screens; j, rails; k, instrument carriage; , flume (2)X 2.5X60 ft); m, tailgate; n, totalload sampler; o, tailbox.
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TaBLE 1.—General information about the sands used in the experiments

Median | Gradation Width of
size I Source of sample Method of obtaining and processing sand Type of study flume
(mm) used (ft)
0.19 . 1.30 | Decomposed sandstone near | The sandstone was run through a hammermill to break up the large | General ... ... ... s
Denver, Colo. . chunks and then washed to remove the clay binder.
27 1. 56 Elll\(rhgm River near Waterlou, | 0.28-mm sand wet screened to remove material coarser than 2.00mm_. .| ___.do___________________.____ 8
ebr. .
.28 1.67 (... ¢ 1 Sand scooped from middle of flowing river by dragline. No processing...|--_.. L 1o 8
.45 1.60 Caé:hﬁi:;a Péauldre River at Fort | Washed, passed a No. 8 sieve and retained on a No. 200 sieve_._.._____[..__. Ao 8
ollins, Colo.
1.54 N%II'EI_% Piz}tg! River near Scotts- | Washed, passed a No. 4 sieve and retained on a No. 16 sleve___________|.___. do_ 8
ebr,
.32 1.57 | Elkhorn River near Waterloo, | From 0.27-mm sand. Coarser sand retained as fines were washed | Effect of viscosity by varying 2
Nebr, away in overflow. . temp. .
.33U0 1.25 | Black Hills Bll}fa Sand Corpo- | Passed a No. 40 sieve and retained on a No. 60sieve...____.__________ Effect of gradation____....___. 2
ration, S. Dak.
.33G 2.07 {--—- A0 s 6 sand sizes mixed to obtain a wide size-gradation range. - .. __.______|.__,_ do_ . o 2
.47 1.54 | Cache la Poudre River at Fort | From 0.45-mm sand. Coarser sand retained as fines were washed | Effect of viscosity by varying R
Collins, Colo. away in overflow. cono;entmtion of fine sedi-
ment.
.54 1.52 ... [ 1 From 0.45-mm sand. Coarser retained as fines were washed away in [.____ A0 s 2
overflow,

depth reach equilibrium in accordance with the bed
roughness for specific flow conditions.

The procedure followed for some runs involved
recirculating a given discharge of water-sediment mix-
ture in the flume at a preselected slope until equilib-
rium conditions were established. Equilibrium here
should be defined as a condition of statistically uni-

:
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F1GURE 3.—Particle-size distribution curves for bed materials having median sizes
of 0.19, 0.27, 0.28, 0.45, and 0.93 mm.

form velocity, concentration, and slope with respect to
both time and space in the flume where the variables
are observed. Even though discharge can be held
relatively constant, depth, slope, and sediment dis-
charge in the final equilibrium condition (several hours
or days after the start of the run) could be consider-
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WATER-SURFACE SLOPE

The water-surface slope (col. 2, tables 2-11) was
determined by observing the water-surface elevation
with a level and a mechanical point gage, and also
with a differential bubbler gage (Barron, 1963). The
slopes computed using data from both methods were
in close agreement.

The mechanical point-gage method consisted of
reading the level of the water surface every 5 feet
along the centerline of the flume. The point gage was
mounted on a four-wheeled carriage that traveled on
rails mounted on the walls of the flume. Levels were
run on the gage at all locations for which water-
surface readings were required. Three to eight sets of
water-surface readings were made for each run after
equilibrium was reached and during the period of data
collection. The elevations for each point along the
centerline may be plotted separately or averaged to
obtain a mean slope. The average for each of the
points was used to compute a least-squares regression
for the runs with the 0.45-mm sand. The slope was
determined graphically for the runs using the other
sands. A study of the two methods indicated that both
were sufficiently precise to yield slope values with no
more error than is inherent in other variables.

Slope measurements taken after attainment of
equilibrium conditions were used to determine the
average slope. Also, water-surface elevations reflect-
ing nonuniform flow at the entrance and exit of the
flume were discarded.

The bubbler gage continuously recorded the differ-
ence in elevation of the water surface to within 0.001
foot between two points, and from this difference the
water-surface slope was computed. The bubbler-gage
connections to the 8-foot-wide flume were 100 feet
apart. The continuous record of slope, as computed
from the bubbler-gage headings, was used to deter-
mine when equilibrium conditions were established.
The bubbler gage was not used in the 2-foot-wide
flume or in the 8-foot-wide flume for the 0.45-mm
sand.

Any error in the mean-slope value reported for each
run can be attributed to two major sources: (1) the
plus or minus 0.001 foot accuracy for the bubbler gage
or the individual point-gage readings, and (2) the
variation about the mean for a series of readings for
the bubbler gage or the point gage. If the error for
the bubbler gage is 0.001 foot in 100 feet, the absolute

error for the gage is 107 For the finer sands, this
S

alone would be 5-10 percent for slopes where sediment
particles move occasionally. A 0.001-foot error in the
point-gage reading is much less significant when
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plotted with several other readings. The variation
about the mean for bubbler-gage readings is caused
mostly by the effect of the bed forms moving near the
orifices to the bubbler gage in the flume. Variation in
the point-gage readings at a specific location is also due
to the movement or shape of bed forms near the point-
gage readings. This variation may cause errors of
as much as 1520 percent, depending on the size
of the bed forms, the relative slope, and the num-
ber of observations.

DEPTH OF FLOW

The average depth of flow (col. 3, tables 2-11) was
determined by observing the difference in elevation
between the water surface and the sand bed with a
point gage. Observations were made at preselected in-
tervals down the length of the flumes. The selection
of the interval depended upon the bed configuration
that existed for the run, the intervals being ecloser
spaced for a dune-bed configuration than for an anti-
dune or a ripple-bed configuration. Only those depths
observed in the part of the flume having uniform slope
were used to establish the average depth. Because of
the rapid changes in water-surface elevation at a point
and the softness of the bed, especially for runs in the
lower flow regime, many depth observations were re-
quired to obtain a reasonably accurate average value.

This method of observing depth was used for all the
sands except the 0.45-mm size. Observations of depth
for the 0.45-mm sand were made by determining the
elevation of a screeded 30-to-40-foot central section of
the sand bed and determining the average elevation of
the water surface at times when the surface was rela-
tively smooth. The two methods of observing depths
yielded virtually the same results. The observations of
average depth are considered accurate to plus or minus
0.03 foot. At a depth of 0.60 foot, the observation is
therefore accurate to plus or minus 5 percent.

WATER DISCHARGE

Water discharge (col. 4, tables 2-11) was deter-
mined in the return-flow lines with calibrated orifice
meters connected to water-air manometers. The orifice
meters were located in the lines to avoid the possible
effect of sand deposits on the calibration. They were
checked periodically to determine if any change had
occurred in the calibration from abrasion by the sand.
The individual observations are considered accurate to
plus or minus 2 percent. The mean discharge for each
run is determined from the average of 5-15 readings
made during the period of data collection.

“Water discharge” actually means the discharge of
the water-sediment mixture. For example, a concen-
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tration of 50,000 ppm (parts per million) of sediment
means that 5 percent of the water-sediment mixture is
sediment by weight, or nearly 2 percent of the mix-
ture is sediment by volume. The orifice meters were
calibrated in clear water. However, a study by Nobu-
hiro Yotsukura (written commun., 1961) proved
that the use of clear water to calibrate the meters
would not produce any appreciable error in the sedi-
ment concentrations used in the course of this study.

WATER TEMPERATURE

The water temperature (col. 5, tables 2-11) was
measured to the nearest half of a degree centigrade
with a mercury thermometer. The temperature re-
ported for each run was based on an average of 5-10
readings obtained during the data-collection phase of
each run. The average temperature recorded for each
run should be correct to plus or minus 3 percent.

SUSPENDED-SEDIMENT CONCENTRATION

Suspended-sediment concentration is defined as the
ratio of the weight of solids to the weight of the
water-sediment mixture. Suspended sediment (Col. 6,
tables 2-9, and col. 7, tables 10, 11) was sampled 95-
100 feet downstream from the headbox of the 8-foot-
wide flume and 35 feet downstream from the headbox
of the 2-foot-wide flume with a specially designed
depth-integrating sampler. The sampler consisted of a
brass nozzle 3 inches long and 14 inch in diameter
attached to a “wading rod.” The nozzle was connected
to a flexible tube. A water-sediment sample was drawn
through the tube to a container by means of a vacuum
pump which was adjusted to draw in the fluid at a
velocity approximately equal to the velocity of the
flow. With this equipment, 5- to 8-pound samples of
water-sediment mixture were collected from two to
four times during each run by a mechanical integra-
tion of the flow in the cross section. The integration
was attained by traversing the sampler through
equally spaced verticals at an equal transit rate for
each vertical.

Some suspended-sediment concentrations were found
to be larger than corresponding concentrations of bed-
material discharge. This difference was due, in part,
to the inadequate number of suspended-sediment sam-
ples, and to the possibility that samples were taken in
a region of flow where local shear stress and turbu-
lence were much greater than average. The standard
deviation given in column 7, tables 2-9, is based on
the variation among the individual samples and has
considerable range depending on the number of sam-
ples, the flow, and the bed conditions.

SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

CONCENTRATION OF TOTAL-SEDIMENT DISCHARGE

The concentration of total sediment discharge (col.
9, tables 2-11) was obtained with a width-depth in-
tegrating sampler located at the nappe where the flow
dropped from the flume into the tailbox. For all sands
except the 0.45-mm size, on a dune-bed configuration,
eight or more samples were collected during a 2-hour
period. For the 0.45-mm sand size, on a dune-bed con-
figuration, and for all sands at all other bed configura-
tions, four to six samples were taken in a 1-hour pe-
riod. Each sample consisted of 70-110 pounds of the
water-sediment mixture. For all sets of data except
those for the 0.45-mm sand, the mean concentration
obtained for each run is considered accurate to plus or
minus 5-10 percent for concentrations in excess of 100
ppm, and to plus or minus 10-50 percent for concen-
trations between 1 and 100 ppm. The standard devia-
tion given in column 10 of tables 2-11 is based on the
variation among the individual samples.

For the experiments using the 0.47- and 0.54-mm sand
where fine sediment was added to the flow, the concen-
tration of fine sediment was determined from a sample
(about one liter) taken from the large 70- to 110-pound
sample of the water-sediment mixture after the large
sample settled for 1 minute. The bed-material fraction
(col. 9, tables 2-11) of the total-sediment discharge
was that material retained after washing on a No. 200
sieve. To obtain the total-sediment discharge, the fine-
sediment concentration (col. 6, tables 2-11) must be
added to the bed-material discharge (col. 9, tables
2-11). Of course, for those experiments where fine
sediment was not added to the flow, the bed-material
discharge was the total-sediment discharge.

SIZE GRADATION OF SEDIMENT

The median particle size and (or) the gradation dis-
tribution in terms of fall diameter of each suspended-
and bed-material-discharge sample and each bed-
material sample (cols. 8, 11, 12, and 13, tables 2-11)
was determined by drying the total sample, splitting
it into a workable size, and then analyzing it in the
visual-accumulation tube (Inter-Agency Report No.
11, 1957). Each bed-material sample consisted of sev-
eral 0.1-foot-diameter cores, about 0.6 foot in length,
taken at random from the bed of the flume. In the
sets of runs where fine sediment was added to the
flow, the fine sediment was washed out of the sample
before the sample was dried, split, and analyzed.

The particle-size distribution curves given in figures
3 and 4, the average median diameter of the sand, and
the gradation coefficient of the bed material were de-
termined by averaging the results of the size analysis of
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the bed material for all runs of a given set and sand.
The gradation (¢) is determined by the equation

dy , dar),

o=\ T

in which d5, is the median size and dy, and ds, are the
respective sizes for which 16 and 84 percent of the
sample is finer than the indicated size.

BED CONFIGURATION

The general bed configuration (col. 30, tables 2-11)
was noted visually and recorded photographically
through the observation window in the side of the
flume, at the water surface through the central meas-
uring section of the flume, and at the bed surface in the
flume. The bed-surface observations were made either
through the water, if the water was sufficiently clear, or
from the flume at the end of the run after the water had
been carefully drained out.

A sonic depth sounder was being developed during
the collection of most of these data (Richardson and
others, 1961). After development of the sounder, sonic
data were obtained over ripple-and-dune runs by (1)
setting the sounder at a stationary point and allowing
the sand wave to move past the sounder, and (2) tra-
versing the sounder over the length of the flume at a
predetermined uniform velocity.

The length, height, and velocity of the sand waves
(cols. 14-16, tables 2-11) were evaluated by:

1. Observations through the wall of the flumes marked
by a grid.

2. Observations in the center of the flume by point
gage and foot attachment.

3. Observations by a sonic sounder.

The sonic-sounder method was only applicable when
the bed configuration was ripples, dunes, or transition-
dunes. The number of observations made for each run
was generally considered adequate to define within
plus or minus 10 percent, the mean values reported.

MEAN VELOCITY OF FLOW

The velocity of flow of a stream is usually determined
from a series of velocity readings in the stream section.
In the flume, however, the mean velocity (col. 17,
tables 2-11) was determined from the observed values
of discharge (@), depth (D), and width (W) by use of
the continuity equation,

yQ_ Q.
A DXW
The expected error of V from the above equation would
be about 6 percent if, for example, @ and D had errors
of 3-5 percent, respectively. A small error in W
791-597 0—86——2
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would be constant for all runs and thereby be canceled
with respect to evaluation of other variables.

VELOCITY PROFILE

Velocity-profile data, obtained from the horizontal
movements of flow at specific verticals in the flow, are
reported in tables 12-21. The observations were made
with a standard Prandtl pifot tube which had been
calibrated in a towing tank. Tables 12-21 show ‘the
velocity at various distances above the sand bed for
most runs.

The magnitude and shape of the velocity profile in
open-channel flow depend on the bed roughness and
on the sediment-transport characteristics. The bed
roughness and transport, in turn, depend on several
waves. Figure 28 shows a breaking wave. The bed
material, and viscosity of the water-sediment mixture.

Except for the plane-bed run, the velocity profiles
were not constant with either time or space. As the
bed configuration changed with time, so did the veloc-
ity profiles. In consideration of the time required to
obtain a single velocity profile (5-15 min.), there was
some change in the profile during the measurement.
Also, the velocity profiles did not plot as a straight
line on semilogarithmic paper (V, = B log ¥y + C)
except for those for the plane-bed runs and some made
on the back of the ripples or dunes near their crest.

The profile data were plotted on semilogarithmic
paper with depth (log) as the ordinate and velocity as
the abscissa. A “best fit” straight line was then used
to define the relation between V, and log y (that is,
V,=B log y+C), where B defines the slope of the
line in terms of velocity per log unit, and C defines the
intercept of the line at a depth of 1.0 foot above the bed
in terms of velocity. The values of B and C, although
of limited utility for the dune runs, are listed in
columns 18 and 19 in tables 2-11.

SHEAR VELOCITY, Vi
Shear velocity (col. 20, tables 2-11) is defined as
VgDS, or y/7f[p. The error in V, would be about 7
percent if D and S both have errors of 10 percent,
or about 5 percent if D and S have errors of 10 and 4
percent, respectively.

BED-MATERIAL DISCHARGE, g, AND gq.

Bed-material discharge (cols. 21-22, tables 2-11)
was computed from @, C; or C,, and a constant. Since
gs and ¢, are expressed in pounds per second per foot

of width, g— Qon,xo.oooom, and q,=%>(0,

%0.0000624. If Q, W, and C, or C, have average
errors of 5, 2, and 10 percent, respectively, then the
mean error for ¢, or ¢, is about 10 percent.
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KINEMATIC VISCOSITY, »

The kinematic viscosity (») of the water-sediment
mixture (col. 23, tables 2-11) was determined from the
temperature of the water and appropriate standard
tables. For runs in which fine material (bentonite)
was added to the flow, the “‘apparent” kinematic
viscosity was determined from figure 6. Dynamic
viscosity values were determined by testing water-
bentonite mixtures in a Stormer Viscometer (Simons
and others, 1963, p. 17) for 0.5-, 1-, 2-, 3-, 5-, and
10-percent concentrations and for a temperature range
from 5° to 45° C. The “apparent” kinematic viscos-
ities plotted in figure 6 were computed from the
dynamic viscosity values (u) and the density of the

water-bentonite mixture (p); v= E‘

SHEAR STRESS AT BED, 7

The shear stress (r) or tractive force at the bed
(col. 24, tables 2-11) is a parameter commonly used as
a measure of the intensity of forces related to resistance
to flow and transport of sediment particles. It is
computed ‘by the formula

r=~DS,

where D and S are from columns 3 and 2, tables 2-11,
respectively, and y is the specific weight of water
(62.42 lbs per cu ft at 0° C).
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F1GURE 6.—Relationship of “apparent” kinematic viscosity of aqueous dispersions
of bentonite to temperature.

SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

REYNOLDS NUMBER, R

The Reynolds number, B (col. 25, tables 2-11) is a
ratio of the viscous force to the total inertial force in
the channel:

VDo VD
——FLor —.
u v

R:

It is commonly used as a measure of the effect of vis-
cosity on the flow pattern.

The Reynolds number is also often used with respect
to a sediment particle:

where w is fall velocity of the particle and d is fall diam-
eter of the particle.

FROUDE NUMBER, F
The effect of gravity on the flow pattern is commonly
related to the Froude number, F (col. 26, tables 2-11),

which is the ratio of the gravity force to the total iner-
tial force. As commonly used and reported herein,

4
VgD
RESISTANCE FACTORS, f, C/Vg, n

Parameters related to average resistance to flow in
channels are based on the variables S, D, and V. They

are:
1. Darcy-Weisbach resistance coefficient, f= @%S‘
2. The dimensionless Chezy discharge coefficient,
|4 |4
ClNg=z7 or ——
No=y, °* hs

efficient is the inverse of resistance.

2/3 Q1/2
3. The Manning n, nzlﬁg-pv—g—

Note that the discharge co-

» where D is nearly

equal to R the hydraulic radius. These resistance
factors are listed in columns 27-29, tables 2-11.

DESCRIPTION OF INDIVIDUAL RUNS

This section of the report documents pertinent lab-
oratory notes from general and unusual observations
of the flow and transport phenomena during the pe-
riod in which the run was approaching equilibrium
and during the collection of the routine basic data.
Most notes refer to methods used to set up the runs,
the bed forms, the flow characteristics, and to unusual
conditions relative to data collection. Many photo-
graphs were taken to show the flow and roughness
characteristics. The photographs were generally taken
either through the glass wall at the side of the flume,
from above the. water surface, or from above the bed
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ppm, and the dunes became irregular in shape. The
irregularities ranged from long stretches of very low
sharp-crested dunes to large round-crested dunes. Also
beginning with 8B, some bentonite was layered in the
bed by the dune action. The highest concentration of
fine material was during run 8D, and the dunes formed
during this run were very long and low and had small
rounded ripplelike waves superposed. The bed in run
8D was much firmer than that in the dune runs, but
not as firm as is expected for the plane-bed condition.

Run 7—This clear-water run had a slope nearly
double that for 8D; yet the bed had a rough dune
configuration in contrast to the low smooth configura-
tion of run 8D. The average bed-material discharge
was 1,250 ppm for run 7 and 521 ppm for run 8D.
The relatively high bed-material discharge for run 7
was caused by the rapid movement of the dunes and
by the suspension of sediment through the action of
large eddies that originate from the dune crests. The
water surface over the dunes was very turbulent.
Small waves and boils formed over the dune trough
and eddy areas and dissipated over the upstream slope
of the next dune downstream.

Runs 14, 144, 140, and 14B.—The discharge for each
of these runs was about 4.8 cfs, and the fine-sediment
concentration ranged from 0 to 44,100 ppm. The bed
condition varied from one of nearly normal dunes, for
clear water (run 14), to plane bed, for the highest con-
centration of fine material (run 14B). The equilibrium
slope decreased as the fine-sediment concentration in-
creased, as in runs 8-8E.

Run 19—This run was set up to produce dunes at a
discharge rate higher than that in run 7. The depth
was first set at 0.6 foot but was increased as equilib-
rium became established. The dunes resulting from this
flow had an unusual shape, especially the short ones,
in that they were high and well-rounded toward the
upper end but drawn down at the lower end, where
the crest is ordinarily located. The avalanche face,
where present, was less than half as high as the dune.
The water surface was extremely rough, because of the
turbulence caused by the dunes. A short dune trapped
between two relatively long dunes was severely scoured
by a jet of flow from the upper dune and, therefore,
rapidly changed size and shape. This run was classed
as transitional between dunes and plane bed.

Loun 9—This run was transitional between dunes and
plane bed. Generally one or more irregularly shaped
dunes could be seen in the flume, but the conditions
changed constantly. Dunes formed and then were
erased by the flow. The roughness of the water surface
varied with the roughness of the bed.
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Run 10.—The bed in this run was plane more than
90 percent of the time. Sometimes smooth undulations
developed throughout the length of flume and lasted
2-3 minutes. Occasionally a very low dune with a small
avalanche face formed and moved rapidly through
the flume. This kind of flow caused most of the bed-
material discharge to slide and to roll along the bed.

Runs 15, 1564, 15B, and 15C —The discharge for
each of these runs was nearly 7.0 cfs, and the con-
centration of fine material ranged from 0 to 58,600
ppm. The flow in all the runs was considered to have
standing wave form, although the waves for run 15
were often poorly defined. Unlike in dune runs 8-8D
and 14-14B, an increase in fine-material concentration
caused an increase in the equilibrium slope. Most
bed-material discharge moved in relatively close con-
tact with the sand bed.

Runs 13 and 11—These were clear-water runs which
had standing-wave patterns of flow. Suspended sedi-
ment moving in the cross section of flow was much
less a part of the bed-material discharge than that
moving close to the bed. With the recirculating sys-
tem and under these flow conditions, only the top few
hundredths of a foot of the bed was disturbed. Spe-
cific sand particles from the bed moved downstream,
but they were immediately replaced by other particles
from the moving layer. The step length and rest
period differed greatly for any group of particles or
between specific particles.

Runs 18, 184, 18B, and 180.—The discharge in this
series of runs was about 7.6 cfs, and the fine-sediment
concentration ranged from 0 to 58,700 ppm. The flow
conditions ranged from standing waves when there
was no fine sediment (run 18) to mildly breaking anti-
dunes when the concentration of fine sediment was
highest (run 18C). Equilibrium slope increased notice-
ably, and suspended-sediment concentration consider-
ably, as fine-sediment concentration increased, especial-
ly when the flow shifted to the breaking antidunes of
run 18C.

Runs 164, 16B, and 160.—The discharge in each of
these three runs was about 7.8 cfs, and fine-material
concentrations ranged from 11,200 to 44,500 ppm.
Slopes were considerably steeper than in runs 18-18C.
The flow condition was one of antidunes in all three
runs. The degree of antidune activity and resistance
to flow in the runs increased with increasing fine-ma-
terial concentration.

Runs 17, 17A, and 17B.—The discharge in this series
was nearly the same as in the 16A-C series, but the
slope was greater and antidunes formed in all runs.
As bentonite was being added between periods of data
collection (“runs”), it was noted that antidune activity
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increased with increasing concentration of the fine ma-
terial. A similar condition was noted by Langbein
(1942) for natural streams. This increased antidune
activity caused increased resistance to flow and greater
slope to maintain the depth of flow. In run 17B, three
or four waves occasionally broke simultaneously, scour-
ing out a 16- to 20-foot-long pool and creating a steep

SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

section draining the pool. Run 17B must have been
transitional between antidunes and chute-and-pool flow.
The increasing antidune activity caused the suspen-
sion and total transport of sand to increase rapidly.

Run 12—This clear-water antidune run was made
at high slope to allow comparison with runs having
high concentrations of fine sediment.
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TaBLE 2.—Experimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge | Temper- . material
Run X102 D Q ature | Sampled |Standard | Particle | Concen- |Standard| Particle | Grada- particle Length | Height | Velocity
S (ft) (eu it T C, deviation| size tration |deviation| size tion size L H, Vs
per sec) ©C) (ppm) Cs dsp C Ci a5 4 a5 (it) (it) (it per
(ppm) | (1tX10%) (ppm) (ppm) | (tX10%) (f6XX103) min)
(¢} @ @ @ ®) (6 U] ® (O] 10 an 12 a3y (14) (15) (16)
24 0. 0055 0.94 6.52 18.6 0 0 0
24 .010 .48 2.99 17.5 0 0 0
.015 1.06 6.68 12.3 0 0 0.2
22B . 016 .43 2.99 17.8 0 0 0
.017 .30 2.00 19.2 0 0 0
25 .018 .93 6.45 19.2 0 {13 D .3 .
22C .018 .42 2.99 18.0 0 [ 28 I 0 0 -
30 .028 1.00 8,91 17.0 [ P IR, 3.7 .5 0.321 1.80 .626 .6 .03 .04
1 .034 .58 3.42 13.6 0 [ PR, 1.2 1.0 712 1.40 .643 .8 .02 . 00085
31 .043 1.02 10. 62 18.1 42 (. 0.423 29 3.3 433 1.59 . 623 .6 04 |
27 057 .55 4.08 181 || 4.0 .7 .334 1.61 . 623 .5 03 |l
5 . 058 1.03 12.67 16.4 105 11 462 120 13 . 499 1.62 . 640 .9 .04 . 080
23 062 .4 2.99 18.1 [ 8 I, 2.0 .4 . .499 1.38 . 597 .4 03 . 0029
32 . 066 .95 13.64 18,2 oo o . 456 281 17 . 456 1.53 . 649 4.0 .10 .23
8 .070 .93 14.81 18.3 506 28 .51 519 40 .427 1.67 . 630 5.4 .18 .17
28 .079 .54 4.49 18,0 (oo 34 4.9 . 518 1.32 .623 .6 W04 | .
33 . 083 1.06 16. 66 17.4 748 86 482 836 174 482 1.46 . 656 8.0 .65 .13
29 . 084 .56 5.08 19.1 F: 3 I PSR S 58 7. 558 1.45 . 643 .6 04| . ____._
3 . 092 55 5.20 128 | oo 84 18 528 1.36 . 659 7 .04 . 032
11 . 099 1.09 20. 47 18.9 795 42 351 1,300 181 446 1.55 . 583 1.6 .39 .21
13 .100 89 21.98 19.3 772 67 .371 1,240 453 1.54 . 590 13.4 .13 .20
14 . 106 86 22.12 19.4 850 56 .413 1,490 168 .522 1.43 .564 18.8 I A SO
15 L1112 79 21.84 19.3 1,120 84 .482 2,000 71 561 1.38 . 584 20.5 N N
34 .127 52 7.00 16.6 393 58 | . 518 1.36 . 653 1.7 .04 .26
12 130 1.02 21.96 19.7 929 58 .423 1,270 110 436 1.54 . 593 17.7 .32 .20
6 .130 61 8.14 15.3 550 .429 157 489 1.42 . 620 5.1 .18 .10
7 . 140 68 9. 66 18.0 567 140 .452 1, 240 192 499 1.56 . 814 7.4 .31 .2
35 .147 52 7.52 18.5 729 154 .462 131 531 1.40 . 656 4.5 .13 24
16 . 156 72 22.14 18.8 1,350 116 . 528 2,750 620 1.34 ("1 PR S SN
10 170 51 11.68 19.1 861 157 .433 2,480 316 548 1.40 . 587 4.0 10 .78
9 L1904 49 8.22 18.6 697 260 .397 1,210 495 1.46 5.2
17 . 196 67 22.19 19.1 4,030 373 .472 1,770 1.30 4.4
18 . 300 64 22.16 18.9 ) 271 473 .478 9, 240 522 1.29 4.9
19 . 360 22.19 18.7 13, 400 562 . 495 1 3, 060 522 1.33 .
39 .390 61 22.33 18.8 20, 100 2,080 .521 16, 200 3,590 495 1.30
20 .460 60 22.17 18.5 23, 300 4,620 .485 23, 900 3,610 . 512 1.33
21 . 542 50 16,13 18.7 21, 900 3, 690 . 469 25, 200 4,720 . 502 1.26
38 . 582 22.00 17.9 31, 600 10, 000 . 508 26, 600 7,510 . 522 1.33
36 .845 51 15. 54 16.8 38, 800 y . 518 35, 500 4,1 . 541 131
37 . 950 65 21.84 17.3 57,300 14, 500 . 561 47,300 10, 500 . 512 1.31
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress | Reynolds| Froude
Run \4 . Sampled Total X108 at bed | number | number . Bed
(ft per Slope [Intercept| (ft per | suspended ' v T X10—2 F Darcy- | Chezy {Manning| -configuration
sec) B C sec) qs (1b per sec (sq ft (1b per R Weisbach| C'/\/ ) n
(Ib per sec per ft) per sec) sq ft) I ({tv/8)
per ft)

[¢V) Qa7 (18) 19) (20) (21) (22) (23) (20) (25) (26) @n (28) (29) (30)
24 0.87 0.27 119 0.041 0 0 112 0. 0032 730 0.16 0.174 21.4 0.012 | Plane.
2A - 5 IR P . 039 0 0 1.16 .0030 320 .20 .0203 19.8 .012 . Do

2 .79 38 1.16 .072 0 0 1.33 . 0099 625 .14 . 0656 1.0 .024 | Ripple.

2B 157/ ISR ORI . 047 0 0. 000010 1.15 . 0043 323 .23 . 0234 18.5 .012 | Plane.
26 .83 4 118 . 041 0 0 L10 0032 | oo e Do.
25 .87 .53 1.24 .073 0 . 000015 1.10 .010 725 .16 0570 11.8 .022 | Ripple,
22C .89 .36 118 . 049 0 114 . 0047 325 .24 . 0246 18.0 .013 | Plane.
30 .11 .51 1.52 . 095 0. 00049 . 00026 1.17 .017 949 .20 . 0585 1.7 .022 Rip%le.

1 .74 .47 115 . 080 0 . 000032 128 .012 328 17 . 0928 9.3 .026 0.
31 1.30 .76 1.86 19 | . 0024 1.14 .027 1,161 .23 . 0669 10.9 024 Do
27 .93 .53 1.51 L100 oo . 00013 114 .020 449 .22 . 0934 9.3 .026 Do.

[ 1.54 1.01 2.16 . 139 . 0104 .0119 1.19 .037 1,330 .27 . 0649 1.1 .024 Do.
23 .85 .34 1. 40 .003 0 . 7 114 .017 325 .23 . 0057 9.1 L0256 Do,
32 179 .72 2.43 L1442 . .030 113 .039 1,499 .32 . 0504 12.6 .021 | Dune.

8 1.99 .83 2.66 . 146 . 058 060 113 .041 1,636 .36 L0423 13.7 .019 Do.
28 104 .63 1.72 A7 | . 0012 114 .027 491 .25 .1016 8.9 .027 | Ripple.
33 1.96 .49 2.63 .168 . 097 .109 1.16 . 055 1,788 .34 L0590 11.6 .023 | Dune.

29 113 .64 177 .123 . 00123 . 0022 L1 .029 569 .27 . 0949 9.2 .026 | Ripple.
3 1.18 .67 1.85 128 | . 0034 1.33 .032 482 .28 .0936 9.2 .026 Do.
11 2.35 .45 3.13 .186 .127 .21 L1 .087 2, 300 .40 . 0503 12.6 .021 | Dune.
13 3.09 |- 3.85 .169 .132 .21 1.10 . 056 1,498 .58 . 0240 18.2 .014 | Transition.
14 3.22 1.29 4.13 171 . 164 .26 L10 . 057 2,514 .61 . 0226 18.8 .014 Do.
15 3.46 1.37 4,50 . 169 .191 .34 L10 . 055 2,480 .69 .0190 20.5 .012 | Plane.
34 1.68 W77 2.47 .146 .021 .027 1.18 .041 .41 . 0603 1.5 .020 | Dune.
12 2.69 1.33 3.84 .207 . 159 .22 1.09 .083 2,514 .47 0472 13.0 .020 Do.

6 1.67 .80 2.30 .160 .035 . 055 1.22 .049 827 .38 . 0732 10.4 .023 Do.

7 1.78 .83 2.51 176 . 043 .003 114 . 059 1,061 .38 L0774 10.2 .024 Do.
35 1.81 .63 2.71 167 . 043 . 059 112 . 048 836 .44 . 0601 1.6 .020 Do.

16 3.84 1.40 4.92 .190 .233 .47 112 .070 2,473 .80 .0196 20.2 .012 | Transition.
10 2.89 1.29 4.22 .167 .078 .28 111 . 054 1,328 .7 . 0267 17.3 .014 | Plane.

9 2.10 1.18 3.68 .176 . 045 078, 112 . 059 909 .53 . 0655 12.0 .019 | Dune.

17 4.14 . 206 .70 .80 L1 . 082 2, 502 .89 .0197 20.1 .012 | Antidune.
18 4,33 . 249 1.26 1. 60 1.11 .120 2,489 .95 . 0264 17.4 .014 Do.

19 4.33 .269 2.32 2.23 1.12 .140 2,475 .96 . 0308 16.1 .016 Do.

39 4.58 .277 3.50 2.82 112 .148 2, 500 1.03 . 0292 16.6 .015 Do.

20 4.62 .208 4.03 4.13 112 .172 2,462 1.05 .0333 15.5 .016 Do.

21 4.03 . 295 2.76 3.17 1.12 . 189 1,796 1.00 . 0430 13.6 .017 Do.

38 4.7 .330 5.43 4.57 114 211 2,397 1.10 . 0387 14.4 .017 Do.

36 3.81 .373 4,71 4.30 1.18 .269 1,650 .94 .0765 10.2 .023 | Chute-pool.
37 4.20 .46 9.77 8.06 116 .385 2,351 .92 . 0902 9.2 .026 Do.
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TABLE 3.—Experimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge| Temper- material .
Run X102 D Q ature Standard | Particle | Concen- |Standard| Particle particle Velocity
S (ft) (ft 3 T Sampled | deviation| size tration |deviation| size Grada- size Length | Height Ve
per sec) ©C) s C; dso C: C; dso tion dso L H, (it per
(ppm) (ppm) | (ftX10%) (ppm) (ppm) | (f£X10%) o (1t X103) (ft) (tt) min)
1) (2) 3) @ (5) (6} () @® 9 (10) (1) (12) (13) (14) (15) (16)
50A 0. 007 0.96 6.09 145 00 0 oo el
50D . 018 .91 6.09 58] 0| O feeeoceoo 08| 0.2 (oo )i 0. 856 0.4 0.04 0. 0002
51 . 046 .99 9. 86 16.0 L71 . 889 1.2 . 063
52 . 065 .94 12. 25 16.0 1.61 .820 1.7 06 . 096
54 . 084 .93 13. 62 18.3 1, 56 . 935 5.1 17 . 055
53 . 108 1.02 15. 58 16.9 1.49 . 902 8.0 .28 .29
57 L1286 .48 5.11 13.9 1,56 .951 .7 .05 . 080
56 .126 .75 11.09 15.3 1.58 .823 4.9 .20 .16
55 .130 1.08 17.80 18.1 534 . . 1.48 . 886 9.2 .36 13
45 . 138 .84 21. 84 17.8 679 136 . 541 1,270 675 . 756 1.76 P "7;3 U (RO SN D,
43 . 140 1.13 19,23 17.4 556 112 . 640 931 248 . 686 1.60 .912 9.7 44 .13
44 . 163 1.03 21. 56 16.8 623 151 . 820 833 157 . 630 1.56 . 856 111 .41 .18
42 .167 .94 15. 68 14.8 416 57 . 902 704 70 . 656 1.60 .837 8.5 .40 .
46 .167 .74 21.76 18.5 857 98 . 554 1,670 172 . 863 1.64 G827 el
58 . 185 .46 6.75 14.2 331 129 . 689 753 104 .702 1.53 . 902 9.0 15 .26
47 . 280 .63 21.79 13.6 3,770 461 . 600 4,760 673 .758 1.73 . 863 3.4
48 .493 .59 21.69 15.9 | 10,800 1,150 . 662 9, 080 1,020 .646 1.53 .856 4.7
39 .813 .66 21.71 10.2 34, 000 1,710 . 627 28, 700 9, 460 . 656 1.46 787 5.0
41 . 952 .45 15.41 11.0 43, 300 2, L7185 35, 600 7,920 . 636 1.42 . 955 4.4
40 1.022 .60 21,35 10.8 41,400 9, 470 .623 35, 800 6, 150 . 656 1.45 1,033 |-
TaBLE 4.— Experimental variables and parameters
Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth [discharge | Temper- material
Run X102 D Q ature | Sampled |Standard | Particle | Concen- |Standard| Particle particle Length | Height | Velocity
S (it) (cu ft T A deviation| size tration | deviation| size Grada- size L H, Vs
per sec) (G®)] (ppm) C, dsp C: C; dgo tion dso (ft) (1t) (it per
(ppm) | (ftX10%) (ppm) (ppm) | (ftX10%) 4 (1t X10%) min)
@ @ [€)] @ ® (6) ) @® ()] 10) (¢3)] (12) 13) (149) (15) (16)
7 0. 007 1.01 6.61 13.9 0 0
8 .011 1.00 7.78 1.9 0 0 3 -
9 .023 1.01 7.76 10.9 0 2.7 . . 0.6 0.02 0.029
10 .041 .59 4.16 15.1 0 1.0 .2 0. 902 1.58 . 866 .5 03 . 055
5 . 045 1.00 10.73 16.5 0 12 3.5 .850 2.08 . 985 7 .04 . 040
13 . 063 1.00 13.46 16.4 99 | - 7% 11 . 663 1.82 .949 1.2 .06 .31
4 .069 .86 10.73 14.6 0 0 0.649 51 16 . 650 2.00 . 902 .8 .06 077
11 .073 .59 4.92 14.9 0 {1 [ 20 1.8 .906 1.60 . 951 .6 .03 .027
33 .090 1.06 15.74 17.6 377 203 672 330 54 .630 1.60 .8563 6.2 .27 10
a] . 100 .88 12.70 16.7 403 |o_____ . 570 405 65 .423 2.13 1.064 7.1 29 (.
12 .108 .57 719 16.0 74 A P 150 14 L7151 1.92 . 886 .9 .04 .22
14 .116 .62 8.61 15.6 134 || . 208 55 .725 1.71 . 853 L5 .07 .080
20 .120 1.05 18.14 15.6 347 25 672 506 105 . 607 1.62 .928 9.6 .46 .17
a2 .131 .92 15.19 15.8 583 62 .364 664 158 554 1.96 .918 11.2 P 1 T
21 .131 1.07 20.39 16.5 528 126 .518 732 101 . 591 1.64 . 866 9.8 .31 .16
19 L134 .65 9. 90 14.9 423 82 . 655 563 104 . 627 1.69 . 870 5.8 20 .123
e 16 L1344 1.02 17.23 15.8 436 89 . 449 549 144 .574 1.74 . 820 7.8 34 12
23 .134 .01 22.02 15.6 608 81 .492 1,230 248 . 656 1.64 . 997 1.8 .26 .38
17 .136 | .65 10.01 14.7 262 44 . 600 506 79 .630 1.72 .892 6.2 .25 A1
a3 . 136 .88 15.28 15.2 445 73 .383 733 168 . 640 1.91 . 843 7.6 .27 13
18 .141 .61 11.96 14.7 439 189 .485 1,040 200 . 699 1.68 .814 1.7 .24 .20
30 . 142 .64 15. 68 14.5 548 . 462 1,370 102 . 627 1.47 W975 (. 04 |l
34 . 150 .44 5. 50 Moyl 480 127 788 1.69 .951 1.8 .06 .095
22 L1588 .60 14.92 12.7 442 53 . 511 1, 540 59 . 755 1.62 73 T FRSU (SSUIN I,
e 15 . 158 .75 12.87 13.0 389 34 . 446 789 123 . 620 1.68 837 8.2 35 . 098
24 172 .82 21.98 15.7 763 376 475 2, 350 351 . 689 1.77
25 .199 .72 21.85 14.7 972 328 . 561 2,710 363 . 804 1.64
28 . 229 .56 15.72 15.1 750 121 . 586 2, 760 372 . 833 1.51
29 .278 .52 15.70 15.4 1,240 118 . 587 3,120 135 . 886 1.72
26 .328 .50 15. 51 15.0 1,740 133 . 573 5,060 1,160 .820 1.62 2.5
32 . 470 .58 21.76 10.8 9,490 1,360 . 590 10, 500 1, 590 .676 1.7 3.4
27 . 533 .43 15.47 15.1 8, 240 251 . 5657 11, 500 866 . 682 1.71 3.1
31 .593 .56 21.34 10.2 16,400 634 .613 13,000 2,630 .591 1.34 3.8
35 .815 .54 21.33 10.9 | 31,800 5,080 619 | 27,600 3,810 . 650 1.46 6.0
37 . 820 .30 8.34 11.6 7,820 941 .639 19, 900 , 690 .885 1.91 3.0
38 . 930 .40 15.26 11| 33,800 4,220 .698 | 36,100 6, 650 .656 1.48 .912 4.5 IS 70 IS
36 1.007 .57 21.38 11.5 47,400 8, 660 . 648 42, 400 11,400 . 669 1.43 .984 5.7 A2 e

= Slope poorly defined.
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress | Reynolds| Froude
Run . Sampled Total X105 at bed | number | number Bed
(ft per Slope |Intercept| (it per |suspended q: v T X10-2 F Darcy- | Chezy |[Manning| configuration
sec) B (o) sec) ' (1b per sec (ft (Ib per R Weisbach|  Cly/ ; n
(b per sec per ft) per sec) t) I (ftve)
per ft)
(€] an (18) 19 (20) (1) (22) (23) (24 (25) (26) (] (28) (29) @0)
50A 0.79 0.18 1.23 0.047 0 0 1.25 0. 0042 607 0.14 0.0277 17.0 0.015 | Plane.
50D .84 .20 1.27 .073 0 . 000024 121 .010 631 .16 . 0598 1.6 022 | Ripple.
51 1.24 .52 1.70 .121 . 0007 . 00092 1.20 .028 1,023 .22 . 0763 10.2 . 026 Do.
52 1.63 .58 2.03 . 140 . 0055 . 0094 1.20 . 038 1,277 .30 . 0592 11.6 .022 Do.
54 1.83 .66 2.22 . 159 017 .021 1.13 .049 1, 506 .33 . 0600 1.5 .023 | Dune.
53 1.91 .45 2.18 .188 . 048 .04 1.17 . 069 1, 665 .33 L0778 10.1 . 026 Do.
57 1.33 .84 1.67 .140 0 . 0037 1.27 . 038 503 .34 .0881 9.5 .024 | Ripple.
56 1.85 .93 2.70 .174 . 035 .048 1.22 . 059 1,137 .38 L0711 10.6 .024 | Dune.
55 2. 06 .68 2. 63 L2183 . 074 .09 114 . 088 1, 952 .35 . 0852 9.7 . 027 Do.
45 3.25 1.24 4,07 .193 .116 .22 1.15 .072 2,374 .62 . 0283 16.8 .015 | Transition.
43 2.13 .37 2.15 . 226 .084 .14 1.16 . 099 2,075 .35 . 0898 9.4 .029 | Dune.
44 2,62 .68 3.24 .233 .105 .14 1.18 .105 , 287 .45 . 0630 11.3 .023 Do.
42 2.09 .50 2.26 . 225 . 051 . 086 1.24 . 008 1,584 .38 . 0926 9.3 .028 Do.
46 3.68 1. 40 4.74 .199 .15 .28 1.12 077 2,431 .75 . 0235 18.4 .014 | Plane,
58 1.83 .30 2.07 . 166 017 .040 1.26 .063 668 .48 . 0855 11.0 .021 | Dune.
47 4.32 .238 .64 .81 1.28 .110 2,126 .96 0243 18.1 .014 | Antidune.
48 4.60 . 306 1.83 1.54 1.20 .182 2, 262 1. 06 0354 15.0 . 016 Do.
39 4.93 .379 5.76 4.86 1.40 .279 1,937 1.17 L0474 13.0 .018 Do.
41 4.28 .37 5.21 4,28 1.38 . 267 1,396 1.12 . 0602 1.5 .020 | Chute-pool.
40 4.45 . 444 6.91 5.98 1.38 .383 1,935 1.01 . 0798 10.0 .024 Do.
for 0.28-mm sand in 8-foot-wide flume
Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress | Reynolds| Froude
Run Ve Sampled Total X108 at bed | number | number Bed
(ft per Slope | Intercept| (ft per | suspended Q v T X10-2 F Darcy- | Chezy | Manning| configuration
sec) B C sec) '8 (lb per sec (sq ft2 (1b per R Weisbach ciVy n
(Ib per sec per ft) per sec) sq ft) I/ (ftv/e)
per ft)
) an (18) 19) (20) @n (22) (23) (24) (25) (26) @7 (28) (29) (30)
7 0.82 0.17 0.81 0.048 0 0 1.27 0.0044 652 0.14 0. 0271 17.2 0.015 | Plane.
8 I 2 N . 060 0 0 1.34 . 0069 74 A7 . 0301 16.3 . 016 Do.
9 .96 .45 .84 . 086 0 00016 1.38 .014 703 17 . 0649 11.1 .024 | Ripple.
10 .88 .59 .85 . 088 0 . 000032 1.23 .015 422 .20 . 0804 10.0 .024 Do.
5 1.34 .69 141 .120 0 . 0010 1.19 028 1,126 .24 . 0646 111 . 024 Do.
13 1.68 1.01 1.97 . 142 0104 . 0079 1.19 . 039 1,412 .30 0566 11.9 .022 Do.
4 1.56 .76 1.80 .138 1] . 0043 1.25 . 037 1,073 .30 0628 11.3 .023 Do.
11 1.04 .47 1.04 .118 0 . 00077 1.23 .027 499 .24 .1025 8.8 .027 Do.
33 1.86 .36 2.22 .175 . 046 . 041 1.15 . 060 1,714 .32 . 0710 10.6 .025 | Dune.
1 1.80 .32 2.06 . 168 . 040 . 040 1.18 . 055 1,342 .34 0700 10.7 .024 Do.
12 1.58 .71 1.79 .141 . 0042 . 0084 1.20 .038 750 .37 . 0635 11.2 .021 | Ripple.
14 1.74 .n 2.15 .152 . 0090 . 020 121 . 045 892 .39 . 0612 11.4 . 021 une.
20 2.16 .55 2.55 .201 .049 .072 1.21 .079 1,874 .37 0696 10.7 .025 Do.
2 2,06 | .197 . 069 .079 1.21 .075 1, 566 .38 .0732 10.5 .025 Do.
21 2.38 .33 2.4 .212 .084 .116 1.19 . 087 2,140 .41 . 0637 11.2 .024 Do.
19 1.90 .39 2.19 167 .033 .043 1.23 . 054 1,004 .42 . 0622 11.4 .022 Do.
16 211 .31 2.28 .210 . 059 .074 1.21 .085 1,779 .37 . 0791 10.1 . 026 Do.
23 3.02 1.07 3.15 . 198 .105 .21 1.21 .076 , 271 .56 . 0344 15.2 .017 | Transition.
17 1.92 .46 1.67 . 169 .020 .039 1.24 . 065 1,006 .42 . 0618 11.4 .021 | Dune.
3 2.17 .91 2.53 .196 . 053 . 087 1.22 .075 1,565 .41 . 0655 11.0 . 023 Do.
18 2.45 .56 2.51 . 166 .041 .097 1.24 . 054 1,205 .55 . 0369 14.7 .016 Do.
30 3.06 1.06 3.95 171 . 067 .168 1.25 . 057 , 667 .67 . 0250 17.9 .014 | Transition.
4 -1, 56 W3¢ 2.01 146 | .021 1.26 . 041 545 .41 0699 10.7 .021 | Dune.
22 3.11 1.26 3.01 172 . 051 179 1.31 .057 1,424 .71 . 0244 18.1 .013 | Plane.
15 2.14 .25 2.57 .195 .039 .079 1.30 .074 1,235 .44 . 0667 11.0 .023 | Dune.
24 3.35 .82 3.82 .213 .131 .40 1.21 . 088 2,270 .65 . 0324 15.7 .016 | Transition.
25 3.79 1.29 4.89 L2165 . 166 .46 1.24 .089 2,200 .79 L0257 17.6 .014 | Plane.
28 3.57 1.22 4.60 . 201 . 092 .34 1.23 . 079 1,596 .85 . 0255 17.7 .014 Do.
29 3.77 1.36 4.97 .216 152 .38 1.22 . 090 1,607 .92 . 0262 17.5 014 Do.
26 3.88 1.87 5.48 .230 .21 .61 1.23 .102 1,577 .97 . 0281 16.9 .014 | Antidune.
32 4.69 . 296 1.61 1.78 1.38 .170 1,971 1.09 .0319 15.8 .015 Do.
27 4.50 L2712 .99 1.39 1.23 .143 1,573 1.21 . 0292 16.6 .014 Do.
31 4.76 .327 2.73 2.16 1.40 . 207 1,904 1.12 0378 14.6 .016 Do.
35 4.93 .376 5.29 4.60 1.38 .275 1,929 1,18 0466 13.1 .018 Do.
37 3.48 . 281 .51 1.30 1.35 .154 773 1.12 0523 12.4 .017 Do.
38 477 | [l .346 4.03 4.27 1.37 . 232 1,393 1.33 L0421 13.8 .016 | Chute-pool.
36 4,69 | foao .430 7.91 7.08 1.36 . 358 1,966 1.09 0672 10.9 .022 Do.
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TaBLE 5.—Experimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge | Temper- i material
Run X102 D Q ature Standard | Particle | Concen- |Standard| Particle particle Velocity
S (ft) (cu ft T Sampled | deviation size tration |deviation| size Grada- size Length | Height Vs
per sec) ©C) C, C, dso C Ci dsy tion dso L H, (ft per
(ppm) | (ppm) | (ftX103) | (ppm) (ppm) | (ftX109) o (ftX10%) (ft) (tt) min)
[¢)) 2 ) @ ) 6) (] ) 9) (10 @n (12) (13) a4) (15) (16)

14 0.015 0.61 3.9 0
13 .019 35 1.84 0
17 .020 98 6.22 .7
16 .021 .81 5.11 1.2
15 .023 80 5.07 .7
18 . 031 .58 3.62 .4 JR A PR SR P, .7

2 .036 82 7.90 9.4 .3 . 968 2.47 1.35 1.2

3 039 .86 7.90 10 5.6 . 936 2.79 1.48 1.4

9 .040 56 3.84 1.4 8 . 361 3.80 1.54 .7

1 . 042 80 7.85 23 7 1.160 3.95 1.4 2.0

5 047 75 7.93 27 10 863 2.77 1.52 1.0
11 049 .35 1.95 4.7 309 | 1.48 .8

4 . 087 7.94 92 18 1.030 2.29 1.51 4.2

8 . 080 .61 3.83 7.6 2.5 . 846 2.78 1.39 .7

7 .078 .70 7.98 268 20 .637 3.36 1.46 4.4
10 . 088 .33 1.95 4.1 1.400 1.64 1.54 .8

6 . 088 .46 3.90 16 1.440 1.86 1. 64 1.6
12 . 106 .29 1.95 .77l 3.70 1.54 .9
19 .112 .41 4.2 52 . 951 3.28 1.57 6.4
21 .14 .96 12.12 34 .820 2.81 1.36 4.8
22 .124 1.00 13. 54 102 .791 2.58 1.25 7.5
25 .189 42 4.91 1.100 2.03 1.50 6.3
20 .193 81 8.14 61 . 663 2.84 1.61 5.4
23 .47 65 13.34 206 . 766 2.43 1.40 6.6
4 . 289 .62 8.73 711 .820 2.29 .23 5.5
40 .301 81 21. 41 657 .810 1.97 1.4 7.4
39 .364 56 20. 64 1.010 1.92 1.51 3.7
26 . 366 14. 45 275 1.140 1.87 L6 | ___
28 . 366 40 11.19 594 1.110 1.84 1.65 2.6
29 . 369 30 4,54 241 1.190 2.08 1.48 6.4
31 . 432 . 14.85 409 1. 250 1.80 1. 58 3.2
27 . .33 7.91 201 1.210 1.98 1. 66 10.2
36 .446 .19 3.15 795 1.350 2.10 1.50 .9
41 . 468 54 21.82 785 1.380 1,78 1.14 3.9
30 492 27 5.33 457 1. 350 1.86 157 6.0
35 494 .25 5. 58 330 1.330 1.71 1.48 2.2
34 . 546 28 8.44 1,050 1.450 77 1.31 2.5
33 . 607 27 10.02 442 1 1.85 1.26 2.8
38 . 619 50 21.38 844 1. 590 1.83 1.36 3.8
37 . 620 43 18.87 688 1.740 1.83 1.656 3.8
32 . 656 .37 14.96 764 1.670 1.84 1.35 3.7
45 . 862 .28 5. 58 1,440 1.590 1.61 1.33 1.6

.898 .28 10.83 4,180 1.570 1.60 1.74 3.0

42 . 986 .31 13.43 1,890 1.720 1.656 1.30 3.6
43 1.01 .43 21.42 2 1. 280 1.80 1.57 5.8
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic| Shear
velocity velocity viscosity stress | Reynolds| Froude
Run \ 4 . Sampled Total X108 at bed | number | number Bed
(ft p)er Sl%pe Inteéoept (ft p)er suspended @ q ) v ft (IbT x}g-ﬂ F V‘ngy-h Ccl'}ezy Manning | configuration
sec sec s per sec sq r eisbac! P n
(ll;)gte;t §ec per ft) per sec) sq g(; Fi \ (fti/fey
[¢V] 1 (18) (19) (20) (21) (22) (23) (24 (25) (26) 20 (28) (29) 30
14 0.81 0,221 0.90 0 1. 40 0. 0057 353 0.18 0. 0359 14.9 0.016 | Plane.
13 .66 .108 .67 0 1.46 . 0041 156 .19 . 0405 14.0 .016 Do.
nloomomow | orE| el @l M) om|w e
. . . . . . . . . . 0.
15 .79 .32 .98 . 000028 1.38 011 458 .16 . 0759 10.3 .025 Do.
18 n ;8 .22 .86 . ggggél 1.36 . 8& g?g .18 . %gi %g g . %i‘ Do.
2 220 |2 . 1.38 . .23 . . . Do.
3 1.16 .36 1.49 . 00062 1.36 .021 726 .22 . 0635 11.2 .023 Do.
9 .88 .30 133 . 000042 1.34 .014 361 .21 .0732 10.5 .023 Do.
1 1.23 .35 1.68 00141 1.46 .21 674 .24 . 0572 11.8 .021 Do.
5 1.32 .41 1.79 . 00167 1.38 .022 7 .27 . 0521 12.4 .020 Do.
11 .70 .30 1.21 . 000071 1.36 .011 180 .21 . 0902 9.4 .024 Do.
4 1.4 .36 1.86 . 0067 1.41 .025 705 .31 . 0489 12.8 .019 | Dune.
8 .93 .36 1.40 . 00023 1.34 .019 354 .23 .0911 9.4 .025 | Ripple
7 1.43 .22 1.80 .0167 1.36 .034 736 .30 . 0688 10.8 .023 | Dune.
. . . . 1.43 . .28 . 3 025 0.
12 .85 .41 1.45 . 000015 1.35 .019 183 .28 . 1096 8.5 .025 Do.
19 1.30 .56 1.87 . 0069 1.14 .029 468 .36 . 0700 10.7 .021 | Dune.
21 1,58 105 1.75 .036 1.20 . 068 1,264 .28 .1129 8.4 .031 Do.
22 170 .61 1.91 . 058 1.21 L0717 1,406 .30 . 1106 8.5 .031 Do.
25 1.47 .32 2.25 .0145 1.17 . 050 528 .40 . 0946 9.2 L0256 Do.
20 1.68 .61 2.06 .032 1.19 .073 861 .38 .1076 8.6 .028 Do.
23 2,57 .32 2.75 . 089 1.20 .100 1,392 .56 . 0626 11.3 .022 Do.
24 1.76 .85 2.57 .062 1.17 .112 933 .39 . 1490 7.3 033 Do.
40 3.32 .49 3.83 .41 1.11 .152 2,423 .65 . 0570 11.8 . 022 Do.
39 471 1.80 5.90 .64 1.11 L1256 2,334 1.12 . 0232 18.6 .013 | Standing wave.
26 5.38 1.61 5.03 .52 1.17 .078 1, 563 1.63 L0111 26.9 .008 | Plane.
28 3.52 1. 60 5. 60 .37 1.20 .091 1,173 .98 . 0304 16.2 .014 | Transition.
29 1.89 1.156 3.35 . 066 1.16 . 069 489 .61 . 0798 10.0 .022 | Dune.
31 4,24 1.60 5.32 .66 1.16 .119 1, 608 1.13 .0272 17.1 .013 | Standing wave.
%Z g & 1. ;g 4,32 (2)%4 1.14 . % 3296 .92 . 8%;2 g g . g%g Tratgition.
. PR (- T PR, . L11 . .82 . . . 0.
41 5.056 1.60 6. 40 .73 1.12 L1567 2,435 1.21 . 0254 1.7 .013 | Standing wave.
30 2,47 1.70 4.34 .148 1.1 083 575 .84 . 0561 1L.9 .018 | Transition.
35 2.80 2.07 4,93 .201 1.17 .077 598 .99 . 0406 14.0 .015 Do.
a4l il bw|oen oo bmlom)m) o) o) s | e
3 . 3 . 1 . . . . . 0.
38 5.38 1.78 6.70 1.04 111 .193 2: 423 1.34 . 0275 17.0 .014 Do.
37 5. 54 1.99 6.15 .82 1.12 . 166 2,127 1.49 . 0224 18.9 .012 | Transition.
AT I S 3| | oam|ovm o) omel4s) ) s
. . 3 . 1.1 .151 . . . . 0.
4 4,78 179 6.80 1.28 1.10 . 167 1,217 1.59 .0283 16.8 .013 Do.
42 5.36 2.20 7.20 1.19 1.08 .191 1,539 1.70 .0274 17.1 .013 Do.
43 6,18 foooo o 1.92 1.12 .27 2,373 1.66 . 0292 16.6 . 014 Do.
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TaBLE 6.—Experimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge | Temper- 3 material
Run X102 D Q ature Standard | Particle | Concen- |Standard| Particle particle Velocity
S (ft) (cu ft T Sampled | deviation| size tration |deviation| size Grada- size Length | Height A
per sec) (°C) s Cs dso Ct C: dso tion dgo i (it per
(ppm) | (ppm) | (ftX10%) | (ppm) (ppm) | (ftX10%) 4 (£t X10%) (ft) (ft) min)
[¢Y) @ 3 @ ) ®) (Y] ®) ® 10 an 12 13 (14) (15) (16)
19 0.013 1.01 8.06 19.8 0
25 . Lol 9.88 19.3 0
26 . 022 1.02 10. 80 19.0 0
27 . 028 1.01 11.86 22.7 0
20 . 028 1.03 10.91 19.6 0
21 . 030 101 12. 06 20.5 0
18 . 037 .01 13. 42 18.0 0
28 . 037 1.04 14. 53 20,7 0
29 . 043 . 50 4.62 18.9 0
22 .043 .49 4,49 19.0 0
30 . 050 .61 5.06 18.9 0
31 . 054 . 50 5.42 16.8 0
15 . 059 1.05 16.25 19.7 4.1
23 . 062 .49 5.10 19,2 0
32 . 064 .62 6.25 16.7 0
24 . 068 .49 5.71 19.3 0 3
14 .071 .58 7.41 8 63 17 2.72 1.38 3.26 2.8 .03 07
34 . 080 .54 7.08 73 20 2. 56 1.40 2.82 2.9 .02 12
16 .12 1.04 16. 85 140 50 2.69 1.44 3.18 3.6 .16 13
35 . 130 .53 7.64 201 52 2.82 1.48 3.02 2.9 06 20
17 . 136 1.00 16.83 19.2 30 || s 211 58 2.89 1.50 3.08 3.5 .18 .18
33 .145 .56 8.18 19.0 14 || 253 84 2.53 1.54 2.99 3.3 .08 .18
5 .183 .93 16. 41 17.5 80 37 2.62 308 65 2.62 2.42 2.98 5.2 .28 .17
10 .192 .46 6. 90 19.0 12 [ 450 126 2.76 1.53 3.22 3.9 .12 .24
37 . 275 1.11 22.58 18.0 260 117 1.38 601 259 2.35 2.40 2,43 6.6 .34 .27
36 .304 56 8.96 17.3 50 |- 519 70 2.69 1.62 3.07 3.5 13 .32
6 .313 1.04 22.30 19.1 281 135 2.23 537 227 2,16 2,81 2.92 5.8 .31 .45
7 339 10. 10 18.3 357 124 1.54 822 199 3.12 1.84 3.38 4.5 .19 .44
38 356 1.02 22, 69 18.9 422 220 94 1,080 274 2.41 2.14 2.48 6.3 .30 . 58
11 393 92 22,22 18.3 614 || .. 1, 180 630 2.39 2.74 3.15 7.4 .32 .60
8 430 57 1.20 17.4 313 121 1,30 1,490 646 2.80 1,53 2.89 5.9 A7 .59
12 437 89 22,19 18.5 656 116 2.34 1,900 737 2.49 2.33 3.02 4.8 .23 1.16
13 587 .82 22,09 18.4 | 1,190 572 2.79 2, 7150 840 2.63 1.84 3.02 6.2 .25 2.30
9 600 49 11.32 18.5 498 214 2.65 2,620 724 3.05 1.64 3.17 2.7 J12 1.37
3 65 60 16.46 17.3 | 2,820 1,360 2.87 3,110 723 2.85 2.02 3.08 3.2 T
1 .7 68 22.33 19.3 | 3,770 529 1,87 4, 020 724 2.21 2.28 3.28
2 .92 53 22.07 18.2 | 2,320 563 179 6, 140 2,420 2.82 175 3.02
4 .94 .51 15.64 18.0 | 2,340 875 2.82 5,080 1, 600 2.76 2.11 3.08
41 112 15.67 21.7| 2,230 170 1.48 9,480 785 2.68 1.96 3.41
42 1.16 44 20, 44 20.4 | 1,610 741 2.16 , 320 1,280 2.95 1.51 2.66
40 1.23 38 15. 53 19.6 | 1,470 498 1. 51 10, 200 1,740 3.47 1.34 2.72
43 1.26 44 20. 63 21.0 | 2,500 488 2.30 7,000 1, 060 3.45 1,42 2. 49
39 1.28 43 20.88 20.5 | 2,300 520 2.10 7,010 460 3.356 1.50 3.35
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress | Reynolds| Froude
Run 14 . Sampled Total X105 at bed | number | number Bed
(ft per Slope | Intercept| (ft per | suspended qe » T X10=2 F Darcy- | Chezy | Manning| configuration
sec) B (o] sec) gs (b per sec (sq ft (b per R ‘Weisbach oy n
(1b per sec per ft) per sec) 8q ft) I (ftvs)
per ft)

[¢Y] a7 (18) (19) (20) (1) (22) (23) (24) (25) (26) @0 (28) (29) (30)
19 1.00 0.41 1.52 0. 065 0 0 1.09 0. 008 927 0.18 0. 0335 15.4 0.017 | Plane.
25 1.22 .48 1.78 . 085 0 0 1.10 . 014 1,120 .21 . 0384 14. 4 . 018 Do.
26 1.32 .54 2.00 . 085 0 0 111 . 014 1,212 23 . 0330 15.6 .017 Do.
27 1.47 .60 2.02 . 095 0 . 00026 1.02 .018 1, 456 .26 . 0337 15.4 .017 Do.
20 1.32 .61 2.07 . 097 0 . 000034 1.09 .018 1,247 .23 . 0432 13.6 . 019 Do.
21 1.49 .67 2.22 .008 0 . 000038 1.07 .019 1, .26 . 0345 15.2 .017 Do.
18 1.66 .62 2.26 .10 0 . 0022 L1 .023 1,471 .29 . 0349 15.1 .017 | Dune.
28 175 .58 2.25 111 0 . 0032 1.06 .024 1,717 .30 . 0326 15.7 .017 Do.
29 1.16 .40 1.80 . 082 0 0 L1 .013 523 .29 . 0400 14.2 .017 | Plane.
22 1.15 .42 1.77 .082 0 0 L .013 508 .29 . 0410 14.0 .017 Do.
30 1.25 .50 1.93 . 090 [ (R, .11 .016 574 .31 . 0418 13.8 . 017 Do.
31 1.36 .54 1.99 . 003 0 . 000177 118 . 017 576 .34 . 0374 14.6 . 016 Do.
15 1.93 .58 2.40 .141 . 00052 . 0082 109 . 039 1,859 .33 . 0428 13.7 .019 | Dune.
23 1.30 .87 2.07 . 098 {1 P, 110 . 019 579 .33 . 0459 13.2 .018 | Plane.
32 1.50 . 56 2.30 .103 0 00127 118 .021 661 .37 . 0381 14.5 . 016 Do.
24 1.46 .60 2.30 . 104 0 . 00067 1.10 .021 650 .37 . 0403 14.1 . 017 Do.
14 1.60 .68 2.51 A5 . 0036 1.16 . 026 800 .37 L0414 13.9 .017 | Dune.
34 164 .73 2,47 8 | . 0040 1.10 . 027 805 .39 . 0413 13.9 .017 Do.
16 2,03 .97 2.59 .104 00158 . 0184 1.10 . 073 1,019 .35 L0727 10.5 . 025 Do.
35 1.80 .63 2.50 W49 (o . 0120 .17 . 043 815 . 0547 12.1 .020 Do.
17 2.10 .82 2.77 . 209 . 0039 . 028 1,10 . 085 1, 609 .37 . 0794 10.0 . 026 Do.
33 1.83 .64 2.64 .162 . 00089 . 0162 111 . 051 923 .43 . 0627 1.3 .021 Do.

5 2.21 .67 2.33 .234 . 0102 . 039 1.16 . 106 1,772 .40 . 0898 9.4 . 028 Do.
10 1.88 .37 2.79 . 169 . 00083 . 024 L1 . 055 779 .49 . 0643 112 . 021 Do.
37 2.54 1.28 3.34 .313 . 046 . 106 1.14 .101 2,473 .43 .122 81 . 033 Do.
36 2.04 .40 2.75 . 232 . 0039 . 036 1.16 104 967 .48 . 103 8.8 . 027 Do.

6 2.68 | o]eeicaeoo- . 324 . 049 . 093 L1 . 203 2, 511 .46 17 8.3 . 032 Do.

7 2.14 .27 2.83 . 254 . 028 . 065 1.13 .125 1,117 .49 112 8.4 .029 Do.
38 2,78 1,58 4.15 . 342 .075 .181 L1 .227 2, 55b .49 121 8.1 . 032 Do.
11 3.02 1.10 4.28 .341 . 106 .204 1.13 . 226 2, 459 .56 . 102 8.9 . 029 Do.

8 2.46 1.26 3.78 .281 027 . 130 1.16 .153 1, .57 . 104 8.8 . 027 Do.
12 312 | s . 354 .114 .33 112 .243 2,479 .58 . 103 8.8 .029 DO..
13 3.37 2.03 5.40 . 304 . 205 .47 113 . 300 2, 445 .65 . 109 8.6 .030 | Transition.

9 2.89 1.30 4.38 . 308 . 044 .23 112 .183 1,264 .72 . 0941 9.2 .025 Do.

3 b A 2 U F . 354 .36 .40 1.16 243 1,774 .78 . 0853 9.7 . 025 Do.

1 4.10 . 304 . 66 .70 1.10 .301 2, 535 .88 . 0739 10.4 . 024 Do.

2 5. 20 . 306 .40 106 1.13 . 304 2,439 1.26 . 0464 13.1 .018 Do.

4 3.83 .392 .29 .82 1.14 . 299 1,713 95 . 0841 9.8 . 024 Do.
41 4.45 . 308 .27 1.16 1.04 . 308 1,883 1.18 . 0640 11.2 . 021 Do.
42 5.81 . 405 .26 117 1.07 .319 2,389 1.54 . 0389 14.3 .016 | Standing wave.
40 5.11 .388 .178 1.24 1.09 .292 1,781 1.46 . 0461 13.2 .017 Do.
43 5.86 . 423 .40 113 1.05 . 346 2, 456 1.56 . 0415 13.9 . 017 Do.
39 6.07 . 420 .38 114 1.07 .344 2, 439 1.63 . 0474 13.0 . 018 Do.
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TABLE 7.—Experimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge | Temper- material
Run X102 D Q ature Standard | Particle | Concen- |Standard | Particle particle Velocity
8 (ft) (cu ft T Sampled | deviation| size tration |deviation| size QGrada- size Length | Height s
persee) [ (°C) s A dso C C: dso tion dso L H, (ft per
(ppm) (ppm) | (ftX10%) (ppm (ppm) | (ftX10%) L4 (ftX10%) (ft) ) min)
[¢Y] 2) 3 @ (5) 6) (Y] ® © (10) an (12) (13) (14) (1) (16)
1 0.014 0. 51 0.91 10.0 0 {13 PR -
2 .017 .52 .88 23.4 0 (U2 [OOSR .
3 .112 54 1.31 10.5 55 11 0.886 1.63 3
4 . 086 .54 1.31 27.8 61 16 998 1. 60 0. 854 0.7 07 |
30 . 110 57 1. 56 14.7 91 22 886 1.47 1.021 .6 .07 0. 060
.29 .103 .66 1.57 33.8 117 43 1. 248 1.43 1.019 3.3 11 . 050
5 .139 .66 1.88 10. 2 226 62 . 782 1.57 .837 1.0 10 . 0050
6 .118 .59 1.88 27.2 168 40 .788 1.48 . 854 1.6 10 . 0083
27 . 147 .68 2.28 14.3 455 238 .8564 1.36 1.038 4.1 21 .20
28 .214 .63 2.29 34.3 787 310 .913 1.48 1.035 4.5 13 .19
26 . 201 71 2.67 13.1 854 295 .933 1.46 1.071 4.6 .18 .14
25 . 210 66 2.64 33.1 719 180 . 867 1. 56 1.019 4.2 23 .28
21 .184 58 3.13 12.4 907 199 .847 1.68 1.035 foe e
22 .166 .64 3.13 33.9 1,150 286 . 886 1.63 1.051 6.4 18 .37
24 .172 74 3.48 12.1 706 206 (847 1.52 .969 6.8 .13 .26
23 . 261 73 3.48 32.8 227 72 646 1,150 359 .894 1.52 . 916 6.3 .20 32
7 .189 60 3.48 1.9 196 38 613 1,410 194 .925 1.58 1111 SRR DRSS P,
8 . 194 72 3.50 26.9 248 29 567 1,820 405 .926 1. 57 1.003 5.5 24 .48
20 . 566 55 4.55 12.7 1 1,520 139 708 5,600 527 1.012 1.49 IR 171 N U (RN PO
19 417 56 4.55 28.4 735 159 767 4,340 383 . 831 1.48 74 2 PR SRR SR,
10 .710 59 4.78 7.0 2,020 602 . 636 5,180 1,040 1.015 1.54
.493 56 4.78 23.5| 1,480 86 . 688 5, 530 1.184 1.63
12 . 4566 67 5.32 7.9 1,480 384 .652 3,960 288 .923 1. 46
11 . 408 60 5.30 23.8 | 1,810 310 .672 5, 812 1.035 1.69
14 . 865 60 5.70 125 | 5, m . 767 12,300 3, 500 . 906 1.51
13 .730 60 5.70 31.7 2,100 111 787 8,780 1,770 .991 1.43
15 .835 63 6. 63 11.4 | 19,000 3,140 .793 26,100 5,810 .801 1.39
16 . 635 62 6. 64 26.7 | 14,700 4,820 .737 21, 000 2,480 . 864 1.44
17 .970 62 6.79 12.9 | 29,900 6, 060 .816 29, 600 5,120 .871 1.42
18 . 666 61 6.82 27.9 | 17,400 2,860 777 20, 800 6, 620 . 886 1.62
31 1.62 65 6.71 14,5 | 41,600 27,800 . 836 49,300 7,720 .833 ) I A RSSO DRSSPI PIISRUP: ISP
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress | Reynolds| Froude
Run v * Sampled Total X108 at bed | number | number Bed
(ft per Slope |Intercept| (ft per | suspended q: v T X102 F Darcy- | Chezy | Manning| configuration
sec) B C sec) 'y (b per sec (sq ft (b per R Weisbach C’/V; n
(Ib persec | per it) per sec) sq ft) J (ftve)
per ft)
(¢)] an 18) (19) (20) 2n (22 (23) (€2 (25) (26) @0 (28) (29) 30)

1 0.90 0.048 0 0 1.41 0.045 325 0.22 0.0227 18.7 0.012 | Plane.

2 .86 . 053 0 0 1.00 . 0055 447 .21 . 0305 16.2 015 Do.

3 1.24 .139 0 . 0023 1.39 .038 482 .30 .101 8.9 .027 | Ripples.

4 1.24 122 0 . 0025 .91 .029 736 .30 L0177 10.1 .023 Do.
30 1.39 .142 . 0012 . 0045 1.24 . 039 639 .32 . 0835 9.8 .024 Do.
29 1.43 . 136 . 00045 . 0058 .80 .036 1,001 .34 L0724 10.5 .023 | Dune.

5 1.72 .188 . 0034 . 0136 1.40 .049 688 .41 0677 10.9 .022 Do.

6 1.62 . 150 . 0020 . 0101 .92 .043 1,039 .37 .0683 10.8 .022 Do.
27 2.01 .166 L0122 .033 1.26 .053 925 .47 .0518 12.1 .019 Do.
28 1.85 .208 0183 . 057 .79 .084 1,475 .41 .101 8.9 .027 Do.
26 1.93 .214 . 0069 .073 1.30 . 089 1,054 .40 .00986 9.0 .028 Do.
25 2,05 211 . 0231 . 061 .81 . 087 1,670 .44 . 0849 9.7 .025 Do.
21 2.74 .185 .0195 . 080 1.32 .067 1,204 .63 . 0366 14.8 .016 | Transition.
22 2.48 .185 .049 114 .80 .066 1,984 .55 . 0445 13.4 .018 Do.
24 2.39 .202 .034 .078 1.34 .079 1,320 .49 .0573 11.8 .021 Do.
23 2.43 .248 . 025 . 126 .81 119 2,190 .50 .0830 9.8 .025 Do.

7 2.95 .191 .021 . 156 1.34 .071 1,321 .67 .0335 15.4 .016 Do.

8 2.48 212 .028 .20 .92 . 087 1,941 .52 .0585 11.7 .021 Do.
20 4,23 .313 .22 .81 1.31 .194 1,776 1.00 . 0448 13.4 .018 [ Antidune.
19 4,18 .273 .107 .63 .90 .146 2, 601 .98 . 0425 15.3 .016 | Plane.

10 4,12 . 367 .31 .79 1.85 .261 1, 568 .95 . 0635 11.2 .021 | Antidune.

9 4.35 .208 .22 .84 1.00 172 2,436 1.02 .0375 14.6 .016 Do.

12 4.03 .314 .25 .67 1.51 .191 1,788 .87 . 12.8 .019 | Plane.

11 4,51 .281 .31 .89 .98 .153 2,761 1.03 . 0310 16.1 .015 | Antidune.
14 4.86 408 .97 2.24 1.32 . 324 2,209 111 . 0567 11.9 .020 Do.

13 4.84 .376 .38 1.59 .84 .278 3,457 1.10 . 0510 12.9 .013 Do.

15 5.36 .412 4.00 5.49 1.36 .328 2,483 1.19 . 0475 13.0 .019 Do.

16 5.42 . 357 3.08 4.40 .93 .246 3,613 1.21 . 0348 15.2 .016 Do.

17 5. 58 . 440 6.45 6.38 1.30 .375 2,661 1.25 . 0497 12.7 .019 Do.

18 5.73 .359 3.79 4.53 .90 .250 3,884 1.29 . 0314 16.0 .015 Do.

31 5.27 . 580 8.89 10. 54 1.25 . 660 2,740 115 . 0980 9.1 .027 | Chute-pool.
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TaBLE 8.— Ezperimental variables and parameters

Wat Suspended concentration Total bed-material discharge Bed 8and waves
ater e
Slope Depth |discharge | Temper- material
Run X102 D Q ature Standard | Particle | Concen- |Standard| Particle particle Velocity
S (ft) (cu ft T Sampled | deviation| size tration |deviation| size QGrada- size Length | Height Vs
per sec) °C) A C dso C: C: dso tion dso L H, (ft per
(ppm) (ppm) | (ftX10%) (ppm) (ppm) | (ftX10%) L4 (f£X108) (ft) (tt) min)
) [¢)] (&) @ ®) ©) (Y] ® ) 10) (¢3))] (12) 13) (14) 15) (16)
7 0.025 0. 50 1.12 20.2 0 [ I I {0 SN DRSSO (NSRRI PRSPPI USUUS! PRSI U SR [
8 .087 .50 1.00 20.0 0 [ I P 6.6 2.3 1. 000 1,52 1.049 0.8 0. 02 0.01
5 . 088 .49 1.12 20.0 15 3.5 0.610 47 17 . 912 1.68 1.075 .9 .04 .05
11 . 102 .52 14 20.1 54 5.6 .475 142 8.9 1,009 1.73 1.163 2.3 .05 .10
10 .213 .49 1.69 20.0 568 258 1.016 460 129 1.033 1.50 1.163 2.8 .06 .19
(] . 240 .52 1.96 20.0 323 50 .617 732 160 .951 1,53 1.016 3.8 .13 .27
4 .270 .49 3.29 20.0 648 70 | _ 2,210 426 . 969 1.57 1020 [o el
1 . 290 .51 4.01 20.0 393 85 | oo 3, 090 397 1.085 1.18 D ¥ T S PR R
9 .320 .52 2. 62 19.8 2,070 306 .934 1,960 368 . 918 150 1. 082 4.4 .14 .43
12 . 350 .51 4.24 20.0 625 80 .84 280 240 1.113 125 L1800 oo el
13 . 620 .50 4.42 20.3 761 171 1. 050 4,990 386 1.180 126 1.120
2 . 800 . 50 4. 66 20.0 5,140 978 . 945 7,110 1,100 1.115 1.26 1. 016
3 .910 .52 5.40 20.3 11,000 | 1,780 .928 18, 400 2, 530 . 990 1,36 1.049
14 1.14 .52 6.04 19.9 15,300 | 2,760 . 885 18, 400 1,970 1.015 1.46 1. 082
TABLE 9.— Ezperimental variables and parameters
Suspended concentration Total bed-material discharge 8and waves
Water Bed
Slope Depth |discharge | Temper- material
Run 10" D ature | Sampled |Standard | Particle | Concen- |Standard| Particle particle Velocity
S (ft) (cu ft T [eA deviation size tration |deviation size Grada- size Length | Height Vs
per sec) ()} (ppm) C, dso C, C dso tion dso L H, (ft per
(ppm) | (f6X103) | (ppm) (ppm) | (ftX10%) 4 (1t 10%) (tt) (ft) min)
(6} 2 3 (€] (5) (6) @ ® © (10 (¢3)] 12 (13) (14) 15 (16)
11A 0,022 0.50 1.06 18.3 0 (U P 0 [0 N PSRRI RN SUSUR I SN [P (R
11B 027 .50 1.25 18.5 0 0 oo 0 { N PRI (SRR ISR DU [N PO
16 .029 .50 1,05 20.5 0 0 | 3.5 1.5 0,449 1.90 1.015 0.41 0.02 0.004
6 047 .51 1.06 22.5 0 0 | 12 L7 .43 2.96 .950 .50 .03 .004
5 . 063 .52 1.46 22,6 8.1 3.8 [ L_ 85 11 . 985 2.14 1.100 .29 . 005 .017
1 .097 .50 1.95 22,1 217 |eoeao- 0.282 507 137 . 575 2.25 1,060 |_o_______
10 117 .48 1,69 23.4 56 9.9 .335 452 100 .453 2.03 1.170
8 .120 .51 2.11 24.1 372 178 .373 1,030 345 . 482 2.31 1,445
9 .143 .52 2.46 23.0 888 298 .429 1,520 534 .459 2.20 1.335
7 .163 .53 2.32 23.2 370 19 .370 1,220 391 . 540 2.49 1.408
2 .188 .52 2,62 22.1 1,240 75 . 354 2,790 542 .423 2.12 1.110
3 L343 .52 3.34 21,9 | 3,370 1, 550 . 459 4,320 504 . 443 1.99 1,016
4 .433 .51 4,00 21.8 | 2,560 270 . 420 5,100 824 .738 2.12 . 950
12 . 447 .49 4,60 21.6 | 3,610 410 . 478 7, 900 603 . 689 2.38 L9085 |___
13 . 695 .49 5.38 19.6 | 6,130 64 443 15, 100 1,100 . 502 2.68 .019
15 .910 .52 6.46 19.6 | 8,820 80 . 459 22, 500 7,000 . 557 2.20 1,082 8.3 18 fas
14 . 980 .51 6.04 19.6 | 3,770 73 . 452 14, 600 2,280 .715 2.50 1.147 4.2 06 .
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for 0.33-mm (uniform) sand in 2-foot-wide flume
Velocity profile Bed-material discharge Resistance factor
Mean Shear i tic| Shear
velocity velocity viscosity stress | Reynolds| Froude
Run |4 7« Sampled Total X105 at bed | number | number Bed
(ft per Slope | Intercept| (ft per | suspended ' v T X10-2 F Darcy- | Chezy | Manning| configuration
sec) B C sec) qe (Ib per sec (sq ft (b per R Weisbachl ¢y vy n
(b per sec |  per ft) per sec) sq ft) I (ft1/s)
per ft)
[¢V] an (18) (19) (20) 21 (22) (23) 24 (25) (26) 2N (28) (29) (30)
7 L4 |l 0. 063 0 0 1.08 0. 0078 528 0.28 0. 0248 18.0 0.013 | Plane.
8 L02 0.45 1.40 .18 0 . 00021 1.08 . 027 472 .25 . 1076 8.6 .027 | Ripple.
5 1.17 .70 1.90 118 . 00052 . 0017 1.08 027 531 .29 . 0811 9.9 .023 Do.
11 L38 | .129 . 0024 . 0064 1.08 . 032 664 .34 . 0703 10.7 .022 | Dune.
10 176 e .182 . 0300 . 025 1.08 . 064 799 .44 . 0855 9.7 .024 Do.
6 192 ||l . 200 . 0198 . 046 1.08 .078 924 .47 . 0871 9.6 . 025 Do.
4 = 38 (RO P— . 206 . 066 .23 1.08 .083 1, 556 .86 . 0289 16.6 .014 | Transition.
1 4,02 110 5.00 .218 . 049 .39 1.08 . 092 1,808 .99 . 0236 18.4 .013 | Plane.
9 287 |l .231 . 169 .16 1.09 . 104 1,226 .63 . 0648 1.1 .021 | Dune.
12 424 | e . 240 .083 .44 1.08 111 2, 002 1.05 0256 17.7 .013 | Plane.
13 4,52 .316 . 105 .70 Lo07 .193 2,112 1,13 . 0391 14.3 .016 | Antidune.
2 4,76 . 359 .75 1.06 1.08 . 250 2,204 119 . 0454 13.3 . 018 Do.
3 5.30 . 390 1.86 3.16 107 .295 2, 576 1.30 . 0434 13.6 . 017 Do.
14 5.93 . 437 2.88 3.54 1.08 .370 2,855 1.45 . 0434 13.6 .017 Do.
for 0.33-mm (graded) sand in 2-foot-wide flume
Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress |Reynolds| Froude
Run \ 4 . Sampled Total X108 at bed | number | number Bed
(ft per Slope | Intercept| (ft per | suspended ' v T X10~2 F Darcy- | Chezy | Manning| configuration
sec) B c sec) q. (b per sec (sq ft (Ib per R Weisbach ciVg n
(b per sec |  per ft) per sec) sq ft) I (£t 1oy
per ft)
[¢Y) an (18) (19 (20) ) 22) (23) () (25) (26) @n (28) (29) 30)
11A 1,08 | s 0.059 0 0 1.13 0. 0069 477 0.27 0.0243 18.16 0.013 | Plane.
1B 1.28 | |emiaiceaan . 066 0 0 1.12 . 0084 569 .32 .0212 19.42 .012 Do.
16 1.07 0.093 1.24 .068 0 . 00012 1.07 . 0090 501 .27 . 0326 15.67 .015 | Ripples.
6 1.06 . 088 .65 . 088 0 . 00041 1.02 .015 531 .26 . 0549 12,07 019 Do.
5 1.43 .52 1.60 .103 . 00036 . 0040 1.02 .020 731 .35 . 0412 13.93 .017 Do.
1 1.99 .91 .97 .125 .013 .031 1.03 .030 968 .50 . 0315 15.93 .015 | Dune.
10 1.80 .68 2.80 .134 .0029 . 024 1.00 .035 865 .46 . 0446 13.39 .017 Do.
8 2.11 .52 2.40 .140 .024 .069 .98 .038 1,094 .62 . 0354 15.04 .016 Do.
9 2.42 .74 2.568 155 068 .12 1.01 . 046 1,248 .59 .0327 15. 65 .015 Do.
7 2.23 .41 2.00 .167 .027 .090 1.00 . 054 1,177 .54 . 0447 13.38 .018 Do.
2 2.57 .86 3. 60 177 .101 .23 1.03 . 061 1,300 .63 . 0381 14,49 .016 | Transition.
3 3.27 1.17 4.15 .240 .35 .46 1.03 A1 1,648 .80 . 0430 13.65 .017 Do.
4 4.00 .95 5,00 .267 .32 .65 1.04 .138 1,971 .99 . 0355 15.01 .016 | Plane.
12 4.79 2.08 6.70 .265 .52 1.16 1.04 2137 2,259 1.21 . 0246 18.05 .013 | Standing waves.
13 5.61 | .331 1.03 2.59 1.09 .212 2, 515 1.41 .0278 16.95 .014 | Antidunes.
15 [i5:7 30 PO D .390 1.78 4.63 1.09 .295 3,019 1.55 .0303 16.25 .014 Do.
14 6.05 | .} ... .401 .71 2.81 1.09 .312 2,823 1.49 . 0351 15.08 .016 Do.

791-597 O—66———6
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TaBLe 10.—Ezperimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge | Temper- material
Run X102 D Q ature Fine Sampled | Particle | Concen- |Standard| Particle particle Length | Height | Velocity
S (ft) (cu ft T Material C, size tration |deviation) size Grada- size L H, V.,
per sec) [Gl9)) Cr (ppm) dso Ct C: dso tion dso (ft) (ft) (ft per
(ppm) (ftX10%) (ppm) (ppm) | (ftX109%) o (1t X10%) min)
(6] @ 3) @ 5) ) @ @® 9 10 an (12 (13) (14) as) (16)
246 0.084 .11 14.54 3 181 2. T I, SRR 6.0 0.41 |_o.____
=47 . 042 .75 9.59 . 23 15 1.141 1. 8.2 .22 0.035
48 . 062 1.23 15.26 . 1 1.148 1 6.2 .32 .030
249 .173 1.33 21.32 . 585 169 .823 1. 7.3 .35 . 080
85 .047 8 7.1 12.7 0 6.0 4.9 1.364 1. 1.2 .07 . 0074
86 . 046 76 6.92 17.0 4,800 1.6 .3 .249 3.19 1.437 1.0 06 . 0033
87 .046 75 6.96 19.1 8,400 2.3 1.4 .210 4.37 1.521 .9 06 . 0055
88 . 049 74 7.10 18.3 11, 400 2.5 1.2 417 3.04 1.640 1.0 07 L0015
b 90 . 053 60 6.97 17.1 6, 950 37 6.2 1.345 1.70 1.355 1.6 06 .027
b 89 . 065 60 7.08 18.5 9, 000 31 8 1.361 2.50 1. 509 1.6 06 . 030
93 .072 62 7.20 14.7 1 99 21 1.482 1.55 1.742 6.0 .17 .039
92 . 080 63 7.14 18.5 6,070 108 52 1. 509 1.93 1.619 4.6 .26 . 050
91 117 58 7.12 18.0 8,400 195 4 1.443 1.90 1.610 4.3 .25 .084
82 .248 8.16 23.2 133 429 1.463 1.64 1.679 4.1 .28 17
51 .236 62 8.11 13.1 584 545 145 1.351 1.66 | oo 5.6 .20 19
52 .222 56 8.01 16.0 1,620 578 137 1. 456 1.63 1.417 5.3 .26 18
73 .222 61 8.20 20.7 5,670 662 138 1. 509 1.83 1. 565 5.4 .29 26
74 .215 65 8.18 21.0 7,970 534 151 1.420 2.08 1.627 5.5 .34 17
76 .203 63 8.49 20.0 9, 330 463 122 1.387 2.00 1. 456 5.7 .30 16
75 .204 64 8.24 21.2 9, 460 625 184 1.574 1.84 1.443 4.4 .28 L5
53 .235 57 8,01 17.2 10, 700 571 191 1. 361 1.65 1, 564 5.8 .34 A1
77 199 65 8.76 19.1 12, 500 639 154 1.246 2.91 1. 581 5.1 .29 .001
96 .201 53 8.31 18.6 25, 000 761 135 1,066 2.66 1.588 4.3 .24 .20
94 .287 81 11.30 13.5 7 480 146 1. 404 1.77 1.624 5.2 .32 28
83 200 .01 15, 58 16.2 0 588 170 1,151 1.74 1.633 5.8 43 .16
54 240 .92 15.36 16.6 940 657 271 1.253 1.74 1.469 6.5 41 .33
56 242 .90 15.36 22.1 860 1,100 466 1.148 1,70 |ooooa o 5.3 29 .20
55 237 .94 15. 36 18.5 765 202 1.164 1.88 1.692 5.9 27 .23
57 .259 .87 15,39 21.3 761 204 1.325 191 1.518 5.1 29 .29
58 .233 .90 15.28 20.1 807 204 1.210 1.94 1.535 5.4 .26 .21
95 180 .80 15.38 18.7 1,640 239 1.099 2.42 L7 8.6 .33 .31
78 320 .72 11.52 20.3 1, 510 310 1.089 2.88 1.453 7.4 .39 .34
59 326 .65 15,36 21.7 2, 920 820 1.312 1.73 1. 535 7.50 07 .72
60 342 .62 21,36 211 3,290 457 1.427 1.64 1.699
61 355 61 21.32 23.2 3,390 564 1. 440 1.68 1.722
71 531 .32 8.22 21.4 5,250 1,178 1. 525 1.68 1.673
72 550 .32 8.26 20.2 5, 680 261 1.505 1.55 1.588
70 640 .30 8.14 20.2 6,310 156 1.476 1.60 1.5156
63 570 .43 15. 50 21.2 5, 360 358 1.633 1.60 1.5635
64 578 41 15. 61 21.2 5, 480 302 1.630 1.60 1. 601
65 571 .42 15.60 21.6 5,160 445 1.584 1.64 1.506
66 575 .45 15. 52 23.0 5,130 836 1.647 1.76 1.526
80 643 .39 15.27 21.8 7,140 37 1.624 1.76 1.594
81 634 .55 21.356 10.7 4,480 672 2.076 1.61 1.584
62 622 .54 21.23 24.5 4,490 428 2.030 1.54 1.647
67 646 .53 20. 87 22.7 4,390 202 1.994 1.57 1. 620 4.0
79 651 .55 21.31 21.0 5, 760 1,038 2.204 1.82 1.355 3.9
84 740 .41 15.36 15.0 7,100 135 1.410 1.39 1.640 3.6
69 .734 .43 15. 54 22.4 8,280 782 1.601 1.7 1.430 3.7
98 . 821 .44 15. 80 19.0 17,700 2,620 1.237 1.90 1.440 3.1
68 .740 .53 20.94 23.5 6, 760 461 2.181 1.55 1.738 4.0 W05 [l
100 . 790 .51 21.42 13.3 8,440 681 2.322 1.40 1.561 | ...
99 . 806 . 50 21.27 19.6 16, 100 2, 000 1.361 1.93 1,492 4.0
97 . 960 .37 12.01 19.5 8, 960 2,310 2.165 1.50 1. 597 3.4

s Run made to supply missing slope and depth data in the 0.45-mm set.
b Bed stabilized by bentonite.
¢ Computed on the basis of kinematic viscosity for distilled water.
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic| Shear
velocity velocity viscosity stress | Reynolds| Froude
Run \ 4 V. Sampled Total X108 at bed | number | number Bed
(ft per Slope |Intercept| (ft per | suspended q¢ v T X10=2 F Darcy- | Chezy |Manning| configuration
sec) B C sec) q. (1b per sec (sq ft (Ib per Re ‘Weisbach C'NE n
(1b per sec per ft) per sec) sq ft) I (ftve)
per ft)
¢V} an (18) a9 (20) (21) (22) (23) (€2Y) (25) (26) @27 (28) (29) (30)
546 1.64 0.50 1. 97 0.173 {. .. 0.021 1.30 0. 058 1,400 0.27 0. 0893 9.5 0.028 | Dunes.
247 1.60 .43 1.94 .101 0 . 0017 1.36 .020 882 .33 . 0317 15.9 . 016 Do.
a48 1.585 .30 1.91 .144 0 . 0070 1.36 . 040 1,402 .25 . 0686 10.8 . 026 Do.
a49 2.00 | omeees 272 |l .098 1.38 .144 1,928 .31 . 1482 7.4 .038 Do.
85 1.13 .52 1.51 .109 0 . 00033 1.31 .023 673 .23 . 0740 10.4 .024 | Ripple.
86 1.14 .56 1.50 .107 .22 . 0000087 1.32 . 022 741 .23 . 0693 10.7 .024 Do.
87 1.16 .53 1.46 .105 .38 .000:2 1.37 . 022 784 .24 . 0660 11.0 . 023 Do.
88 1.20 .64 1.52 .108 .56 . 00014 1,50 .023 786 .25 . 0649 11.1 .023 Do.
b90 1.45 .59 1.97 .101 .36 . 0020 1.39 . 020 744 .33 . 0390 14.3 .017 Do.
b 89 1.47 .62 1.81 L113 .41 .0017 1.42 . 024 788 .33 . 0465 13.1 .018 Do.
93 1.45 .46 2.05 .120 . 0030 . 0056 1.4 . 028 725 .32 . 0547 12.1 .020 | Dunes.
92 1.43 .82 1.94 .135 .30 . 0059 1.33 . 035 804 .32 L0714 10.6 .023 Do
91 1.53 .71 1.96 . 148 .45 .0108 1.42 .042 778 .35 . 0747 10.4 .023 Do.
82 1.60 .56 2.2 .226 . 015 .027 1.00 .099 1,024 .35 . 1597 7.1 .034 Deo.
51 1,62 .83 2.40 .217 .035 .034 1.28 . 091 785 .36 . 1436 7.5 .032 Do.
52 1.81 2.30 .198 .114 . 036 1.26 . 076 833 . . 0960 9.1 . 026 Do.
73 1.67 R .209 .55 . 042 1.24 . 085 961 .38 L1251 8.0 . 030 Do.
74 1.58 .212 1.52 .034 1.31 . 087 978 .35 1442 7.4 . 033 Do.
76 1.69 .203 .63 .031 1.38 . 080 986 .38 1153 8.3 .029 Do.
75 1.60 (o feo . 205 1.47 . 040 1.36 . 081 975 .35 1314 7.8 . 031 Do.
53 1.77 . 208 .172 .036 1.52 .084 870 .41 .1101 8.5 .028 Do.
77 1.68 .204 1.57 .04 1.52 . 081 984 .37 .1181 8.2 .030 Do.
96 1.94 .185 1.85 .049 1.93 . 066 918 .47 .0729 10.5 .023 Do.
94 1.74 . 249 . 0049 .042 1.28 .120 1,101 .34 . 1633 7.0 .036 Do.
83 2.14 .242 072 .071 1.19 .114 1, 636 .40 1024 8.8 . 029 Do.
54 2,08 | oo . 267 .31 .079 1.25 .138 1,622 .38 L1315 7.8 .033 Do.
56 2,14 1.36 3.03 265 | .. .132 .11 .136 1,870 .40 .1225 8.1 .032 Do.
55 204 || . 268 .38 .092 1.26 .139 , 348 .37 .1378 7.6 . 034 Do.
57 2.20 1. 55 2.94 . 269 .60 .092 1.19 . 141 1,823 .42 . 1199 8.2 .031 Do.
58 2.1 .47 2.83 . 260, .50 . 096 1.26 131 1,758 .39 L1213 8.1 . 032 Do.
95 2.39 1.30 2.89 . 215 5.21 .197 2.03 . 090 1,707 .47 . 0649 11.1 . 023 Do.
78 2.00 .76 3.18 . 272 1.19 .136 1.4 144 , 346 .42 1484 7.3 . 034 Do.
59 2. 96 1. 51 4.75 . 261 .70 .35 1.20 .132 1,850 .65 . 0623 11.3 .022 { Transition.
60 4.28 2.52 6.05 . 261 .73 .55 1.18 .132 2, 503 .96 . 0298 16.4 .015 | Plane.
61 4.36 1,80 5.90 . 264 1.32 .56 1.20 .135 2,660 .98 . 0293 16.5 .015 Do.
71 3.21 1.90 5.43 . 234 .195 .34 1.18 . 106 988 1.00 . 0425 13.7 . 016 Do.
72 3.26 1.87 5.20 . 238 .48 .37 1.31 .110 966 1.02 . 0427 13.1 .016 Do.
70 3.41 1.35 5.21 . 249 .24 .40 1.20 .120 947 1.10 . 0425 13.7 . 016 Do.
63 4,48 2,77 6.53 . 281 .55 .65 1.16 .153 1,835 1.20 . 0315 16.0 .014 | Antidune
64 4.76 1.95 6.26 . 276 1.02 .67 1.26 . 148 1,859 1.31 . 0269 17.2 .013 Do.
65 4.63 3.20 6.83 .28 1.41 .63 1.34 . 150 1,870 1.26 . 0288 16.7 . 014 Do.
66 4.34 3.02 6.53 . 289 2.00 .62 1.38 .161 1,934 1.14 . 0354 15.0 .015 Do.
80 4.901 1.20 5.45 .284 1.67 .85 1.43 . 156 1,841 1.39 . 0268 17.3 .013 Do.
81 4.85 2.27 7.17 .335 .56 .75 1.38 .218 1,933 1.15 . 0382 14.5 .016 | Standing wave.
62 4.89 2.35 7.13 .329 1.21 .74 1.12 .210 2, 694 1.17 . 0362 14.9 . 016 Do.
67 4,91 2,20 6.67 .332 1.85 .71 1.36 .214 2, 551 1.19 . 0366 14.8 . 016 Do.
79 4.82 2.60 7.30 .340 2.53 .96 1.46 .223 2, 525 1.15 . 0397 14.2 .017 Do.
84 4,67 2.40 7.10 .313 .44 .85 1.23 .189 1, 557 1.29 0358 14.9 .015 | Antidune.
69 4.48 | oo .319 1.20 1.00 1.24 .197 1,889 1.20 0405 14.0 . 016 Do.
98 4,51 ||l .341 7.11 2.18 2.46 .225 1,788 1.20 0457 13.2 .017 Do.
68 4.95 2.20 7.43 . 355 2,02 1.10 1.23 .45 2,624 1.20 L0412 13.9 .017 | Standing wave.
100 5.28 2.69 7.94 . 360 .71 1.41 1.29 . 251 2,087 1.30 . 0372 14.7 .016 | Plane.
99 5.32 4.46 9.41 .360 7.02 2.67 1.98 . 251 2,440 1.33 . 0367 14.8 .016 | Antidune.
97 4,07 3.21 7.69 .338 .59 .84 1.29 .221 1,369 118 . 0552 12.0 .019 Do.
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TaBLE 11.—Experimental variables and parameters

Suspended concentration Total bed-material discharge Sand waves
Water Bed
Slope Depth |discharge | Temper- material
Run X102 D Q ature Fine Particle | Concen- |Standard| Particle particle Velocity
S (ft) (cu ft T material | Sampled size tration | deviation| size Grada- size Length | Height Ve
per sec) (G 9] Cr ' dso C: C: dso tion dso L H, (ft per
(ppm) | (ppm) | (ftX10%) | (ppm) (ppm) | (££X109) 4 (ftX10%) (it) (ft) min)
[¢)) @) @ @) ® ©) @ ()] © 10) ay 12 a3) (14) (15) (16)
1 0.016 0.61 1.06 15.9 [ 0
2 .019 . 1.12 17.4 o o
3 . 026 62 1.21 16.9 6 .2 - .
4 .038 .59 1.59 18.0 17 5.8 1. 647 1.34 1.526 | ___.___ 10
6 .170 72 2.45 18.6 387 124 1. 539 1.66 1. 640 4.6 0047
5 .201 81 3.12 19.2 408 217 1.499 1.60 1.575 5.0 .26 . 0080
20 .338 72 4.74 20.2 2, 620 785 1.621 1.52 1.716 4.3 17 . 036
8 . 351 78 3.82 18.9 1,200 370 1. 585 1.55 1.903 3.6 23 .012
SA .331 84 3.82 18.7 1,050 1o _____. 1.417 1.58 1. 699 3.8 20 .012
8E .248 88 3.69 23.3 720 194 1.673 1,47 1.968 3.6 19 .0073
8B .293 85 3.84 21.5 904 362 1,483 1.67 1.949 3.6 20 .010
8C .294 86 3.83 22.4 1, 100 349 1.594 1.78 1.772 4.4 24 011
8D .198 72 3.77 25.0 521 78 1.787 2.92 1706 || e
.388 72 3.42 20.6 1,250 415 2,224 1.55 1.804 3.3 17 .012
14 .399 89 4.77 19.3 1,790 475 1. 667 1.45 1.903 4.0 20 021
14A . 366 82 4.78 24.3 1,970 697 1.532 1.64 1.837 5.8 20 . 030
14C . 377 87 4.80 22.2 1, 950 556 1.739 1,64 1.837 5.8 19 034
14B .339 70 4.84 22.3 2, 960 316 1.296 2,91 1.837 ||
19 .408 76 3.82 215 1,200 323 1.463 1. 56 1.788 4.2 16 . 018
9 . 433 72 4.16 17.7 1, 520 404 1.421 | ... 1. 549 4.2 18 .022
10 .486 64 5.33 20.3 {2 P, 2, 690 945 1.706 |- ooo_- 1.824 _________.
15 . 551 74 6,94 21.7 0 |- 3,330 416 1,821 1.53 1.732 |-
15A . 550 75 6.99 22.5 14,200 |- 4, 350 350 1.519 1.88 1.854 (.
15B . 537 75 6. 96 23.7 40,900 |_ 4,710 449 1.476 3.17 1.837 |-
15C . 628 73 6.99 24.0 58,600 |- 7, 640 1, 330 1.247 2.69 1.722 |.
13 . 565 72 6.37 18.1 0 3,350 299 1.847 1.60 1.713
11 .768 66 7.48 19.9 0 5, 690 931 2. 067 1.46 1. 509
18 . 520 71 7.62 22.6 0 3,330 717 1.870 1.61 1.870
18A . 508 76 7.57 22.5 3,400 349 1. 1,62 1.837
18B . 790 69 7.59 23.3 9,730 3,990 1. 568 1.61 1.837
18C . 900 70 7.59 23.7 22, 300 5,420 1.421 1.40 1.919
16A . 980 67 7.82 23.5 5, 600 520 2.198 133 (..
16B 1.075 66 7.84 25.0 10, 300 1,720 1,496 1.73 1.713
16C 1,306 65 7.86 25.1 15,800 1,940 1.132 2.22 1.837
17 1.175 65 7.89 22.5 9, 180 945 1. 460 1.74 1.690 |.
17A 1.365 .65 7.83 22.3 21, 800 2, 400 1.214 1.63 1.837 |
17B 1,928 .68 7.86 24.0 50, 000 1,900 1. 460 1,30 2.100
12 1.438 64 7.84 16.9 26, 000 10, 300 1.486 1.74 1.847 |

s Computed on the basis of kinematic viscosity for distilled water.
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Velocity profile Bed-material discharge Resistance factor
Mean Shear Kinematic | Shear
velocity velocity viscosity stress | Reynolds| Froude
Run \ 4 . Sampled Total X104 at bed | number | number Bed
(ft per Slope | Intercept| (ft per | suspended ' v T X10-2 F Darcy- { Chezy | Manning| configuration
sec) B c sec) 'S (Ib per sec (sq ft @b per Rs Weisbach C'/\/E n
(lb per sec per ft) per sec) sq ft) I (ft ve)
per ft)
[¢V] an (18) 19 (20 (21 (22 (23) (4) (25) (26) @7 (28) (29) 30)

1 0.89 0.295 1.25 0.056 | ... 0 1.20 0. 0061 449 0.20 0.0315 16.0 0.015 | Plane.

2 .96 .294 1.34 L0681 | 0 1.16 .0071 495 .22 .0320 15.8 .015 0.

3 1.00 422 1.45 072 . 000023 1.17 .010 526 .22 .0413 13.9 .018 | Ripple.

4 1.37 .428 1.95 L0835 | . 000864 1.14 .014 711 .31 . 0309 16.1 .015 Do.

6 1.74 .825 3.13 198 | L . 030 1.12 .076 1,115 .37 . 1040 8.8 .028 | Dune.

5 1.95 .645 2.62 .040 1.10 .102 1,438 .38 1108 8.5 .030 Do.
20 3.36 .329 6.00 .40 1.08 .152 2,245 .70 0555 12.0 .021 | Transition.

8 2.51 .238 4.40 . 146 1.1 .170 1,755 .50 1117 8.5 .030 | Dune.

8A 2.33 1.90 4.15 .128 1.31 .173 1,741 .45 1313 7.8 .033 Do.

8E 2.5 | .085 1.46 .136 1,884 .40 1213 8.1 .032 Do.

8B 2,30 .110 1.70 . 156 1,878 .44 1213 8.1 . 032 Do.

8C 2.28 .134 1.79 .158 1,914 .43 1249 8.0 .032 Do.

8D 2.65 . 063 3.20 .089 1, 985 .bb 0524 12.4 .020 | Transition.

7 2. 44 .136 1.06 .173 1, 640 .51 1200 8.2 .030 | Dune.
14 2.74 272 1.10 .221 2,207 .51 1214 8.2 .032 | Transition.
14A 2.95 .30 1.27 .188 2, 480 .57 . 0893 9.5 .027 Do.
14C 2.82 .298 1.74 . 204 2, 386 .53 . 1060 8.7 . 030 Do.
14B 3.51 .46 2.4 .149 2,413 .74 0499 12.7 .020 | Plane.
19 2.58 .146 1.04 .192 1,871 .52 L1192 8.2 .031 | Transition.

9 2.93 .201 1.15 .195 1,841 .61 . 0938 9.2 . 027 Do.
10 4.30 .46 1.07 . 193 2, 545 .95 . 0430 13.6 .018 | Plane.
15 4.75 .74 1.04 .256 3,408 .97 . 0468 13.1 .019 | Standing waves.
15A 4.76 .97 1.47 .258 3, 508 .97 . 0470 13.0 .019 Do.
15B 4.73 1.04 2.27 . 251 3,573 .96 . 0464 13.1 .019 Do.
15C 4.85 1.70 2,98 .287 3, 606 1.00 0504 12.6 . 020 Do.
13 4.52 .68 1.14 . 254 2, 862 .94 .0513 12.5 .020 Do.
11 5.80 1.36 1.08 . 314 3, 507 1.26 .0386 14.4 .017 Do.
18 b.44 .81 1.02 .231 3,814 1.14 . 0323 15.7 .016 Do.
18A 5.11 .82 1.4 .240 3,796 1.04 .0379 14.5 .017 Do.
18B 5,62 2.35 1.70 .340 3,870 1.19 0446 13.4 .018 Do.
18C © b.54 L450 Lo 5,39 3.00 .392 3,804 1.17 L0527 12.3 .020 | Antidune.
16A 5.92 461 | 1.39 1.35 .412 4,002 1.27 . 0485 12.8 .019 | Standing waves.
16B 6.03 JABD | . 2.57 1.93 . 446 4 160 1.30 . 0506 12.6 .020 | Antidune.
16C 6,14 .524 | . 3.95 2.32 . 532 4 168 1.34 . 0582 11.7 .021 Do.
17 6.21 495 (oo . 2.31 1.02 .475 3,949 1.36 . 0509 12.5 .020 Do.
17A 6,17 B35 |- 5.43 2.27 . 554 3,917 1.35 . 0600 1.5 .021 Do.
17B 5.87 L6851 | 12, 51 2.60 . 820 4,060 1.25 .0983 9.0 .027 Do.
12 6.27 543 | ___. 6.49 1.17 571 3,400 1.39 . 0599 11.6 .021 Do.
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TaBLE 12.—Velocity-profile data for 0.19-mm sand in 8-foot-wide flume

[The lateral section used for measuring was 95-115 ft, from the headbox, w.s.=water surface]

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of flume of flume of flume
Run Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand|{ (fps) |abovesand (fps) |abovesand| (fps) above sand (fps) abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (fit) bed (it) bed (ft)
24 | 0.936 D 2% T PR R, 31—Con. 0. 650 1.64
- .910 1.24 - . 550 1.61
- .810 1.19 - . 450 1.53
- .710 1.15 - . 350 1.34
- .610 1.12 - .250 1.20
- .510 1.10 - .200 1.14
- .410 1.05 - . 150 111
- .310 1.05 - 110 .88
R . 260 1.02 - . 090 .64
- .210 1.02 - .070 .40
- . 160 .97 - . 040 .31
- .110 .94 -
- .080 .91 - 27 .479 W.S. . 516 W.S. 517 W.S.
- . 050 .86 - . 429 1.34 472 1.35 .455 1.31
............ .020 .76 [, .379 L31 . 422 1.31 .405 1.28
.329 1.31 .372 1.28 .355 1.23
2 e 1.030 W.S. 1.025 Ww.S. 8. .279 1.26 .322 1.23 .305 119
1.000 1,08 1.000 1.16 .11 .229 1.16 .272 1.19 . 255 1.14
. 800 L1 . 800 1.15 .10 179 115 . 222 1.15 .205 1.08
. 600 1.08 . 600 111 03 .129 1L.08 .192 1.06 .155 1.05
. 400 .99 .400 1.03 .00 .079 .93 .162 1.08 .105 .92
.200 .87 . 200 .96 84 . 049 .84 . 132 1.02 .075 .85
.100 .78 .100 .80 .78 .019 .80 . 102 .92 .045 .85
.075 .78 .070 .69 P 0 | (SRR PRI 072 .84 .015 .86
.050 .71 . 050 46 . N/ 0 | I R P . 042 66 |
025 .68 . 025 85 |
I S 1,063 .S, 1.028 Ww.S.
b P .274 LK T PR 1.028 2.11 . 998 2.00
- . 250 1. - .828 2.10 .798 2.02
- . 230 1. . . 628 1.96 598 1.92
- .190 1. - .428 L79 .308 1.74
- . 150 . . .328 1.68 .208 1.68
- 110 - .228 1.54 . 198 1.50
- . 080 . - 128 1.42 . 148 1.43
- . 050 - .078 1.24 .098 1.24
............ . 020 mecmmen .028 1.07 .073 1.19
______________________ . 048 .93
25 . . 909 W.S. . 850 w. 8.
. 859 1.23 . 864 1 27 | 28 .372 W.S. 371 W.S. S
.709 1.22 . 764 1 .21 . 350 1.24 344 1.32 .348 1.36
. 559 1.10 . 614 1. 12 . 300 1.19 .204 1.29 . 208 1.29
. 409 1.04 .464 1. .07 . 250 1.08 244 1.25 .248 1,23
.309 .98 .364 . 07 .200 1.05 L1094 1.16 .198 1.20
.259 .94 .214 1. .91 . 150 103 . 144 L12 .148 1.16
.209 .88 . 164 .87 92 . 100 .92 . 094 1.06 . 098 1.12
. 159 .82 .14 .89 83 .075 .90 . 069 1.02 .073 1.06
.109 .78 .084 .76 . 050 .82 044 .98 . 048 1.03
.079 .73 .054 .67 .025 .79 .019 .90 .023 .98
.049 .60 024 .62
.019 P 2 PRI (R, .58 (1 32, . 868 W.S. .922 w.S. .893 Ww.S.
.820 2,41 . 890 2.47 . 860 2.43
22C ... .415 w.S. .401 Ww.S. .418 Ww.S. . 720 2,39 . 790 2.41 . 780 2. 40
. 390 .93 .375 1.11 . 405 1.12 . 620 2.36 . 690 2.40 . 680 2,36
.360 .84 .325 1.07 . 305 1.03 . 520 2.29 . 590 2.33 . 580 2.30
.310 .84 .275 1.01 . 255 .99 .420 2.02 .490 2.23 . 480 2:15
. 260 .83 .225 .99 .205 .95 .320 1.96 .390 2.16 .380 2.10
.210 .83 .175 .96 .145 .92 . 220 1.90 . 290 2.07 . 280 2.00
. 160 .79 . 125 .90 . 105 .87 .170 1.86 . 240 2.02 .180 1.82
.110 W77 .100 .88 . 080 .79 .120 1.76 . 190 1.95 . 130 1.72
. 085 .73 .075 .84 . 055 .75 .080 1.70 . 140 1.90 . 090 1.53
.060 .70 .050 .77 .030 .69 . 050 1.56 .110 1.80 . 050 1.35
. 035 .62 .010 .66 .010 .62 .020 1.46 . 080 1.70 . 020 1.30
.010 N3 7 (SRR IS SOOI Fpup it | EN SR PSR .050 167§
______________________ . 020 1.87 e
80 . 1.027 W.S. 971 W.S. .972 W.S.
.988 1.52 . 910 1.55 . 940 1.48 || 8ocmmioacoo . 990 W.S. .812 W.S. . 926 W.S.
.818 1.53 .810 1.53 .870 1.52 .948 2.48 .T75 2.69 . 900 2.61
. 718 1.55 660 1.50 . 720 1.39 .898 2.48 . 625 2.63 .800 2.61
.618 1.49 .510 1.40 .870 1.43 . 748 2.39 .425 2. 50 . 700 2,59
.518 1.41 .410 1.31 .420 1.30 .548 2.33 .225 2.29 . 500 2.45
.418 1.32 . 310 1.25 .320 1.19 . 348 2.12 L1256 2.07 . 300 2.32
.318 1.24 .210 1.16 .220 1.06 .248 1.95 .075 1.98 . 200 2.27
.218 1.16 . 160 1.12 . 150 .08 .148 1.68 .050 1.88 . 100 1.91
. 168 113 .110 .98 . 100 .91 .098 1.44 .025 1.38 . 050 1.66
.118 1.14 .070 .50 . 060 .83 .048 1.38 .- .
.078 1.04 . .023 1.30
. 048 1.03
.018 .95 28 . 857 W.S. . 460 W.S. .475 w.S,
. 455 1.49 .430 1.50 . 445 1.48
) DO .564 W.S .535 W.S. .523 W.S. .335 1.34 . 380 1.48 .39 L4
. 547 .88 . 506 1.15 . 492 1.09 . 255 1.28 .330 1.46 .345 1,37
. 447 .76 . 406 1.07 .392 1.09 . 205 1.15 .280 1,47 .205 1.33
. 347 .76 . 306 .01 .292 .01 . 155 1.08 . 230 1.43 . 245 1.31
.247 .68 . 206 .91 . 192 .84 .105 .93 .180 1.31 . 105 1.26
.197 .68 . 156 .77 .142 .76 .075 .79 . 130 1.21 145 1.18
. 147 .58 . 106 W77 . 092 .80 . 045 .55 .080 1.17 .095 1.09
.097 .52 . 066 . . .76 .030 1.08 .065 .97
. 047 .52 . 006 .020 .97 .035 .93
..................... .010 .87
) AR 1.048 W.S. 1.028
1,020 1.82 . 980 . 870
. 950 1.82 . 880 . 820
.850 176 .730 -720
. 750 1.74 680 . 620




SUMMARY OF ALLUVIAL CHANNEL DATA FROM FLUME EXPERIMENTS, 1956—61 179

TaBLE 12.—Velocity-profile data for 0.19-mm sand in 8-foot-wide flume—Continued

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of flume of flume of flume
Run Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
above sand (fps) |abovesand (ips) |[abovesand (ips) above sand (fps) [above sand (fps) [above sand (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
33—Con. 0. 620 2. 54 0. 520 247 | oo 34—Con. 0.090 1.72 0.130 1.70 0. 120 1.58
. 520 2.52 420 2.44 {_ . 060 L4 .100 1.83 . 080 L51
.420 2.49 .320 2.40 |- .030 1.38 070 1.85 . 050 1.43
.320 2.45 .220 228 | || e .030 176 . 020 1.29
.220 2.37 .170 2.18 |-
. 120 2.26 . 120 2.08 |- 120 . .924 W.S. . 859 W.S 1.162 W.S.
.070 2.04 .090 2.03 |- 875 . 800 | 1.100 3.43
.030 1.43 . 060 1.94 | 75 | . 700 3.93 1.050 3.41
...................... . 030 190§l 675 (. . 800 3.64 . 850 3.31
. 575 3.60 . 400 3.45 . 650 3.26
29 ... . 513 w.S. . 480 W.S. . 528 w.S. .475 3.51 - 200 3.03 . 450 3.16
. 490 1.60 445 1.58 .495 1.60 .375 3.37 . 100 2.55 . 250 2.76
. 440 1.59 . 345 1.55 . 395 1,49 .275 3.26 . 050 2.11 . 150 2.55
. 339 1.55 . 245 1.42 . 295 1.31 175 3.02 . 025 1.39 .100 2.39
.340 1.52 . 195 1.30 . 245 1.28 075 241 || . 050 2.21
290 1.44 . 145 1.26 .195 1.17 . 025 210 |omo s .025 2.16
. 240 1.35 .095 1.12 .145 .1
.190 1.29 . 0685 1.09 095 .08 6. .641 w.S .511 Ww.S. . 620 W.S.
. 140 1.19 .035 1.00 . 065 .83 .622 2.52 .490 2.46 . 600 2.33
.100 112 .010 .91 035 .65 522 2. 42 . 390 2.46 . 550 2.24
.060 1.08 . 422 2.28 . 200 2.40 . 450 2.30
. 030 1.01 . 322 2.21 .240 2. 36 . 250 2.00
. 010 .92 . 222 2.07 . 190 2.23 . 050 1.84
.122 1.78 . 140 2.10
B . 516 W.S. . 490 W.S. 575 W.S. .072 1.38 090 1.86
.475 1.58 444 1.60 . 547 1.61 .047 115 .040 1.59
.375 1.55 L 344 1.57 . 447 1. 59 .022 .75 .015 .87
.275 1.47 .244 1.44 .47 1.51
.175 1.35 . 144 1.15 . 247 LA47 §| Toeoaa L727 W.S. .647 W.S. . 651 Ww.S.
125 1.25 . 094 1.02 197 1.40 . 697 2.27 .621 2.30 .625 2.50
075 1.07 . 069 .97 . 147 1.38 . 597 2.25 .621 2.26 . 525 2.47
050 95 044 .97 132 1.26 . 397 2.00 .321 2.06 .425 2.36
025 40 .019 97 .097 1.20 .297 1.84 .221 1.96 .325 2.23
____________________________________________ .072 1.09 .197 1.79 .17 1.88 .225 2.08
. 147 1.83 .121 1.84 .125 1.64
o .793 w.S. .948 Ww.S. 1.236 Ww.S. .097 1.60 .071 177 .075 1.48
.721 3.08 . 885 3.07 1.180 3.20 .047 1.43 .021 .01 . 050 1.39
. 621 3.07 . 785 2.98 1.080 3.18 . 012 LO07 | .025 .64
.421 3.05 . 685 3.03 . 880 3.15
.221 3.03 . 485 2.91 . 680 3.03 85, - . 349 w.S. .522 Ww.S. 522 w.S.
121 2.88 . 285 2.91 .480 2. 86 .317 2.68 .480 2.25 475 2.40
.071 2.75 .185 2. 86 . 280 2.75 .297 2,713 .410 2.16 .405 2.22
. 046 2.60 135 2.75 . 180 2.66 . 267 2.75 .340 2.13 . 335 2.14
.021 2.44 . 085 2.64 2.60 . 237 2.82 .280 2.13 . 265 2.06
____________ 2.45 2.49 .207 2.7% 240 2.10 . 205 2.00
2.29 2.37 177 2.77 . 200 2.15 .165 1.97
______ - 2.12 . 147 2.68 160 2.11 .125 1.84
117 2.63 120 1,93 .085 1.68
W.S. . 886 W.S. W.S. . 087 2.49 .090 197 .055 1.53
3. 69 . 850 3.74 3.80 <057 2.22 . 060 1.98 . 025 1.36
3.65 . 750 3.70 3.77 027 2.09 .030 178 | ooeica e
3.60 . 650 3.70 3.69 '
3.48 . 450 3.64 3.64 || 16 ... . 700 W.S. .705 W.S . 695 w.S.
3.27 350 3.50 3.49 . 625 4,70 . 650 4.75 .625 4.64
3.06 . 250 3.40 3.24 . 500 5.00 . 550 4.63 . 525 5.02
2.88 . 150 3.17 2.97 . 300 4.09 .400 5.01 375 4.28
2,50 . 100 2. 98 2.41 . 200 3.82 . 300 4,18 275 4.02
2.20 . 050 2. 63 2.26 .150 3.82 .200 3.95 175 3.90
R 025 2,42 | e . 100 3.68 . 150 3.82 125 3.68
.075 3.37 100 3.52 .075 3.28
Mo . 856 W.S. .872 W.S. .880 W.S. . 050 3.28 075 3.37 050 3.12
. 807 3.90 .810 4,11 . 810 3.98 .025 2.74 . 050 3.20 .025 2.60
707 3.84 L710 4,00 L710 3.91 - 3
. 507 3.68 .510 3. 86 .510 3.75
. 307 3.43 310 3. 54 .310 3.43
.207 3.27 . 210 3.30 . 210 3.07
.107 3.08 .110 2.87 .110 2.80
. 057 2.73 . 060 2.13 . 060 2.44
. 027 2.43 . 030 .95 . 030 2.20
5. . 780 W.S. . 785 w.S. 745 W.S.
.710 4.13 710 4.49 710 4.33
. 610 3.97 .610 4.31 610 4.29
.410 3.70 .410 4.14 . 510 4.20
.310 3.54 310 3.95 .310 3.80
.210 3.25 .210 3.7 .210 3.54 | T .411 w.S. .S,
.110 3.05 .110 3.20 110 3.34 .400 2.95 30
. 060 2.54 . 060 2.91 .060 3.00 . 350 2.99 25
. 030 2.23 .030 2.17 .030 2.73 . 300 2.94 . 04
. 250 2.86 . 87
3 . . 498 W.S. .495 W.S. . 485 w.S. . 200 2.67 . 67
. 450 2.24 . 450 2.29 . 460 2.24 150 2.67 . 54
. 370 2.02 . 380 2.24 . 360 2.12 .125 2.59 . 31
. 300 1.88 .310 2.20 .310 2.07 . 100 2.51 .15
. 230 1.85 . 260 2,01 260 1.98 .075 2.43 .98
. 180 1. 80 .210 1.81 .210 1.81 . 050 2.35 .73
. 130 1.86 .170 1.73 . 160 1.75 . 025 2015 |
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TaBLE 13.—Velocity-profile data for 0.27-mm sand in 8-foot-wide flume
[The lateral section used for measuring was 95-115 ft from the headbox. w.s.=water surface]

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of lume of flume of flume
Run Distance Distance Distance . Run Distance . Distance . Distance
above sand Ve}oc;ty above sand V%}oggty above sand V?}"g‘)ty above sand V?}ggx)ty above sand V&z}gx)ty above sand Vtz}g(s:i)ty
bed (ft) (ps bed (ft) P bed (ft) p bed (ft) bed (ft) bed (ft)
5.1 W 0. 965 W.S. 0. 960 W.S. 0.975 W.S. 56—Con. 0.075 1.86 0.075 1.23 0.075 0.86
. 920 1.25 .925 1.22 .920 1.24 . 050 1.52 . 050 1.96 . 050 .70
. 600 1.21 . 600 1.15 . 600 1.19 .025 1.31 .025 1.58 .025 .60
. 400 1.18 . 400 1.15 .400 1.15
.300 1.14 .300 1.13 . 300 1.12 i1 JOR 1. 540 Ww.S. . 980 W.S. .930 W.S.
.200 .11 .200 1.07 .200 1.10 L 2.52 .910 2.47 .875 2.48
.150 1.05 . 160 1.06 . 150 1.07 1,350 2.47 . 800 2.48 . 675 2. 46
.100 1.04 .100 1.05 . 100 1.06 1.150 2.4 . 600 2.56 . 475 2.4
.075 1.03 .075 1.03 .075 1.02 950 2.41 . 400 2.59 .375 2.28
. 050 .98 050 1.02 . 050 .99 . 750 2.39 . 300 2,60 . 275 2.35
.025 .96 025 .96 .025 .96 . 550 2.30 . 200 2.60 .175 2.42
. 450 2.23 . 150 2.59 .125 2.46
[:10) 0 J . 890 w.s. . 900 w.S. .915 W.S. . 350 1.91 . 100 2.53 .075 2.26
. 835 1.28 .845 1.25 . 860 1.23 . 300 1.88 .075 2.40 . 025 2.35
. 600 1.23 . 600 125 . 600 1.23 . 250 1.76 . 050 224 ||l
. 400 1.21 . 400 1.22 . 400 1.22 . 200 .96 .025 L78 ||
. 300 1.16 . 300 119 .300 1.19 . 150 B N B ] [T NP PRSI
.200 1.13 .200 1.15 .200 1.14 . 100 B Y B ] [T TR P,
. 150 1.09 . 150 1,12 . 150 1.10 . 075 B IRV PR ERESEIYSS P .
. 100 1.07 . 100 1.09 .100 1.09 . 050 DN (1) PRSI PR PR S
.075 1.05 .075 1.07 .075 1.06 . 025 B 1 B ] (U ISP Rp
. 050 1.03 . 050 1.03 . 050 .94
.025 .99 .025 .99 025 92 45 - .785 W.S. .810 w.S. .815 W.S.
, 720 4,04 . 760 3.77 .765 3.86
5l . .995 W.S. . 960 L2575 P I, . 550 3.95 .550 3.71 . 550 3.68
. 950 1.69 . 920 1.67 - . 400 3.78 . 400 3.58 . 400 3.53
. 800 1.64 . 800 1.66 - . 300 3. 56 . 300 3,34 . 300 3.39
. 600 1.58 . 600 1.60 R . 200 3.26 . 200 3.25 . 200 3.26
. 400 1. 49 . 400 1.52 - . 150 3.17 .150 2.85 . 150 3.05
. 300 1.36 300 1.48 - . 100 3.05 .100 2.57 .100 2.81
. 200 1.27 .200 1.4 - .075 2.84 075 2,39 .075 2.65
. 150 1.16 . 150 1.38 - . 050 2.73 . 050 2.21 . 050 2. 56
. 100 1.08 .100 1.36 - .025 2.32 . 025 172 . 025 2.4
.075 1.05 .075 1.28 -
. 050 101 . 050 1.24 - 43 . . 670 Ww.S. 1.470 Ww.S. 1.315 W.S.
. 025 .99 .025 L24 || . 525 2.24 1. 450 2.04 1.295 2.37
. 400 1.95 1. 350 2.00 1.175 2.36
52 . . 965 W.S. 1.100 w.Ss. .940 w.S. . 300 1.86 1.150 197 .975 2.34
.925 1.68 L9070 - . 890 2.07 . 200 1.8 . 950 1.94 775 2.33
. 800 1.66 . 800 1.98 . 600 1.98 . 150 1.82 . 750 1.90 . 575 2.31
. 600 1. 60 . 600 1.84 .400 1.86 .100 1.90 . 6560 153 .375 2.26
. 400 1.41 . 400 1. 66 . 300 1.80 . 075 1.90 . 350 1.61 .275 2.18
. 300 1.36 . 300 1.60 . 200 1.74 . 050 1.90 . 250 1.55 175 2.11
. 200 1.23 .200 1. 54 . 150 1.67 . 025 1.90 . 150 1.55 125 1.91
. 150 1.19 . 150 1.49 .100 1.61 . 100 1.55 .075 1.69
. 100 1.05 . 100 1.47 .075 1.31 075 1. 56 . 050 1.66
.075 1.05 .075 1.45 .050 1.36 . 050 1.54 025 1.65
.050 1.03 . 050 1.38 .025 1.17 . 025 148 (oo
. 025 1.00 .025 140 || o
44 . . 784 w.s. 945 w.s . 860 W.S.
i JR— . 830 W.S. . 890 w.S. 1. 050 w.S. . 700 2.77 875 |-cmeaoeo . 750 2. 86
. 800 2.26 .870 2.16 1. 000 2,24 . 600 2.95 .675 3.33 . 650 2.82
. 600 2.20 .800 2.12 . 800 2.15 . 400 311 . 475 3.14 . 450 2.77
. 400 2.20 . 600 2.10 . 600 2.08 . 300 3.13 275 3.04 . 350 2.64
.300 2.07 . 400 2.04 . 500 2.04 . 200 3.11 175 2.89 . 250 2. 56
. 200 2.07 . 300 1.99 .400 1.95 . 150 3.08 125 2.69 . 200 2.43
. 150 2.07 . 200 1.76 .300 1.76 . 100 3.00 . 100 2.68 . 150 2.31
.100 2.05 . 150 1.76 . 200 1.65 . 075 2,82 .075 2.33 .100 2.19
.075 1.94 .100 1.76 . 150 1.58 . 050 2.27 . 050 2.23 075 2.08
. 050 1.83 . 050 1.70 .100 1.40 .025 2.15 . 025 2.23 . 060 2,05
. 025 1.80 . 025 1.70 .075 136 | e ek . 025 2.06
. .050 1.24
. 025 1.24 || 420 _____. .915 w.s 890 W.S. .925 W.S.
L8856 |- .855 2.05 . 890 2.33
> T —— . 940 w.s, . 950 W.S. 1.130 w.s. . 700 2,20 . 600 1.68 . 600 2.34
. 700 2.14 . 800 2.19 1.020 2.27 . 500 2.18 .400 1.68 .400 2.33
. 650 2.14 . 600 2.17 1.000 2.23 . 400 . 18 . 300 1.76 300 2.29
. 400 2.11 . 400 2.13 .800 1.99 . 300 2.05 . 200 1.77 . 200 2.18
. 300 2.04 . 300 2.08 . 600 1.98 . 200 2.09 .150 179 . 150 2.01
. 200 1.88 .200 1.99 .400 1.82 .150 2.09 .100 1.79 . 100 1.82
.150 1.82 .150 1.90 . 300 1.67 .100 1.98 .075 1.75 .075 154
.100 1.79 . 100 1.64 .200 1.64 .075 1.90 . 050 1.68 . 050 1.16
.075 1.75 .075 1.30 . 150 1.59 . 050 .95 .025 1.38 . 025 1.14
050 1.65 . 050 1.21 . 100 1.57 .025 ) 28 DU I RN
.025 1.41 .025 .70 .075 1.52
- . 050 1.49 || 46.. ... __._. .687 Ww.S. 717 W.S. . 682 W.S.
.025 1.49 . 660 4.77 . 700 4.60 . 600 4.13
. 600 4,64 . 600 4.50 . 400 3.96
L444 W.S. . 400 4,39 . 400 4.17 . 300 3.85
.400 1.48 . 300 4,17 . 300 4,09 .200 3.54
.300 1.43 . 200 3.96 . 200 3.63 .150 3.40
. 200 1.35 150 3.68 150 3.40 . 100 3.21
150 1.13 . 100 3.68 . 100 3.10 .075 3.09
.100 .88 .075 3.54 .075 2.94 . 050 2.90
.075 .90 . 050 3.30 . 050 2.82 .025 2.70
. 050 .74 .025 2.88 .025 2.23 |
.025 . 66
58 oo .40 W.S. .370 W,
56 - .800 Ww.S. 750 Ww.S. .730 W.S. .430 1.97 2350 |ociamoa
. 760 2.30 .725 2.57 . 700 2. 58 . 300 2.06 300 [ocoeeoo o
. 600 2,30 . 600 2.57 . 500 2. 56 .200 2.10 . 200 L
. 400 2.27 . 400 2.37 . 400 2.19 . 150 2.16 . 150 L
. 300 2.23 .300 2.26 . 300 1.89 .100 2.07 .100 1.
. 200 2,13 . 200 2.11 .200 1.49 .075 1.99 .075 1.
.130 1.96 . 150 1.71 .150 1.30 . 050 1.77 . 050 1.
.100 1.89 .100 .92 .100 .96 .025 1.61 .025 1




SUMMARY OF ALLUVIAL CHANNEL DATA FROM FLUME EXPERIMENTS, 1956—61

TaBLE 14— Velocity-profile data for 0.28-mm sand in 8-foot-wide lume
(The lateral section used for measuring was 95-115 ft from the headbox. w.s.=water surface]

I81

2.0 ft from left wall | 4.0 ft from left wall | 6.0 ft from left wall 2.0 ft from left wall | 4.0 ft from left wall | 6.0 it from left wall
of flume of flume of flume of flume of flume of flume
Run X Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
above sand (fps) | above sand (fps) above sand (fps) above sand (fps) | abovesand (fps) |abovesand (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
SO 0.985 W.S. 0.990 w.s 0.985 WS || 33 1. 005 w.s. 0.930 was. 1.035 was.
970 0.82 .890 0.86 .970 0.80 . 950 2.11 .875 2.12 .970 2.15
.940 .81 . 790 .76 .940 .80 . 800 2.11 . 600 198 .800 2.24
L840 .82 .690 .74 . 840 .80 . 600 2.09 . 400 2.00 . 600 2.24
.740 .76 .490 .73 . 740 .78 . 400 2,09 . 300 1.95 . 400 2.16
. 540 .68 . 390 72 . 540 77 . 300 2.09 . 200 1.94 . 300 2.10
. 340 .67 .200 .70 340 .75 . 200 2.07 .150 1.86 . 200 2.00
. . . .72 .150 2.01 .100 1.86 .150 177
. 100 1.93 . 075 1.75 .100 1.68
.075 1.86 . 050 1.70 . 075 1.65
. 050 1.82 025 |___ - . 050 1.59
.025 1.66 |ocommmaen - _ .025 1.51
1 . 740 W.S. 1.010 W.S. . 892 W.S.
.690 2.04 . 960 1.69 .870 1.89
. 590 2.04 . 860 1.74 770 1.85
.490 2.00 . 760 1.80 .670 1.94
.390 2.06 . 660 1.85 .620 1.62
.340 2.08 . 560 1.79 0] 173
.290 2.08 . 460 1.72 . 520 1.74
. 240 2.08 . 360 1.69 .470 1.69
.190 2.02 . 260 1.48 .420 1.74
. 140 1.93 .210 .96 . 810 1.74
.000 1.84 |ocoomo | .320 173
.040 1L.70 Z .g;g % g«i
S A
) 070 1.13
.......... .020 1.03
. 70 . 74 I B | . 2T e —— .628 w.S. . 601 WS, .580 w.S.
e g o - % X5 580 | 158 550 | 166 1530 1.65
. 300 .49 350 52 . 350 .61 . 500 1.51 . 400 1.48 . 450 1.57
. 250 a4 " 250 50 1950 51 .400 1.43 . 300 1.40 .350 1.48
. 200 .43 1200 .42 . 200 .44 . 300 1.24 .200 119 . 250 1.39
175 .38 .150 .40 .150 .35 .200 1.18 .150 1.16 . 200 1.33
. 150 .25 .100 .34 .100 .30 .150 1.15 .100 1.08 . 150 % %7
125 .21 075 .26 075 .23 .100 1.09 .075 .84 . 100 .10
- .050 .23 . 050 .19 .075 .99 .050 .73 075 .99
025 91 025 | .050 .84 .025 .70 .050 .99
025 I P .025 .99
| T 1.025 W.S. . 982 W.S.
950 1.35 940 1.39 Mo . 580 w.s. .610 w.S. . 580 w.S.
. 750 127 L750 1.35 .530 1.95 . 550 1.86 .530 1.94
. 550 1.18 .550 1.29 . 450 1.86 .450 1.77 .450 1.94
.400 1.08 . 400 1.20 .350 1.84 . 350 1.66 .350 1.91
. 300 .98 .300 1.02 .250 1.82 .250 1.46 .250 178
.200 .76 +200 .85 .200 1.78 .200 1.40 .200 1.65
.150 .61 .150 .78 .150 172 . 150 1.33 . 150 1.61
.100 .50 .100 .75 .100 1.47 . 100 1.32 .100 1.56
.075 .48 075 .75 .075 1.44 .075 1.33 .075 1.39
. 050 .50 .050 .71 . 050 1.28 .050 1.36 .050 1.30
.025 .57 .025 .70 2025 115 .025 1.35 .025 1.16
) & . 1.020 w.S. 1.013 w.S. .903 WS, w.s. 1.030 w.s. . 960 w.s.
. 960 1.81 . 960 1.87 .930 Tes || 2 :338 2.46 .990 2.51 .920 2.31
. 750 1.77 . 750 1.79 750 1,86 . 750 2.50 . 750 2.47 . 750 2.30
. b50 1.56 . 550 1.63 . 550 177 - 500 2.51 . 550 2,41 .550 2.21
. 400 1.53 S 400 1.60 . 400 1.72 ~400 2.41 . 400 2.21 .400 2.15
.300 143 . 300 1.55 . 300 1.49 .300 2.36 .300 2.08 .300 2.18
. 200 1.08 . 200 129 . 200 1.28 .200 2.10 .200 2.02 .200 2.21
-150 74 -150 L18 .150 1.02 150 1.86 2150 191 1150 2.08
. 100 .64 2100 1.05 . 100 72 -100 1.72 .100 172 . 100 2.08
<075 .72 075 1.05 .075 .62 075 1.48 .075 1.60 .075 2.07
. 050 .48 . 050 1.05 . 050 .58 . 050 1.25 .050 1.46 . 050 1.93
.025 .35 .025 1.05 025 .55 015 57 .025 1.30 .025 1.85
4 .820 W.S. . 895 W.S. . 885 W.S.
. 780 1.66 "850 1.75 " 835 169 || B-mmemeeeees - 855 w.s. 1.025 MoH L g%g e
650 | e 700 | L7 2700 166 818 260 Sl 2w 8% 336
500 1.56 550 1.64 550 1.60 -575 -87 . 2% "800 2 33
~350 151 1400 1,46 - 400 1.50 -375 2.7 - 550 >3 " 400 235
1250 149 " 300 127 300 L% 275 | 2.67 -400 -3 “300 3.3
200 138 200  L09 1200 L1 A 28 0 3w 1200 2.23
150 1.35 1150 195 1150 104 125 2.67 -200 2.3 o 51
1100 1.33 1100 5 1100 .93 <075 2.65 -1 o “100 1.98
L075 L3l 075 (57 [075 186 -050 2.48 Q0 2.2 ‘073 197
2050 | 130 050 146 050 73 : 2.16 elzE “05 188
.025 1.30 .025 .43 .025 .61 025 170 .025 1.13
L .521 Ww.S. .644 w.s. ,522 w.s.
. 480 .88 . 600 .88 ~480 04 |l 100 o . .515 w.s. .510 w.S. .615 ;Vbsé
- 400 .87 . 450 .86 . 400 .93 . 490 1.98 . 475 2.10 .580 204
. 300 .82 .350 .76 .300 .85 .400 1.95 . 400 2.11 . 400 2.0
. 200 .70 . 250 .66 L 200 .76 -300 1.97 .300 2.08 .300 1.93
. 150 .62 . 200 .60 .150 .72 .200 1.91 .200 2.02 .200 Ie
. 100 .58 . 150 .52 .100 .64 .150 1.91 .150 2.00 .150 1.8
. 075 .54 .100 .51 .075 .59 .100 1.84 2100 1.98 .100 )
. 050 .50 . 075 .50 .050 .55 .075 1.77 .075 1.97 .075 15
.025 .48 . 050 .47 .025 .51 .050 1.64 .050 1.91 .050 178
...................... 025 DY S DR S 025 1.47 025 1.88 .025 .



182 SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

TaBLE 14— Velocity-profile data for 0.28-mm sand in 8-foot-wide flume—Continued

2.0 ft from left wall 4.0 it from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of fiume of flume of flume of flume of flume of flume
Run i Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand| (fps) [abovesand| (fps) |abovesand| (fps) abovesand| (fps) [abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
16 e 0.915 W.S. 0.875 w.S. 0. 895 w.s. || 3¢—Con. 0. 050 1.36 0. 050 1.61 0. 025 1.61
. 2.21 . 800 2.45 . 800 2.10 . 025 1.37 . 025 ) A P
. 600 2,15 . 600 2.47 . 600 2.02
. 450 2.18 . 450 2.43 . 450 1.8 || 220 ... . 630 w.S, . 610 W.S. . 505 W.S.
. 300 2.20 . 300 2.34 . 300 1.81 . 580 3.55 . 560 3.59 . 560 3. 4.
.200 2.15 .200 2.32 .200 1.83 . 500 3.50 . 500 3.58 . 500 3.33
150 2.14 . 150 2.29 . 150 1.74 . 400 3.38 . 400 3.50 . 400 3.27
. 100 2.10 .100 2.31 . 100 1.68 . 300 2.98 . 300 3.31 . 300 3.12
075 2.01 075 2.22 075 1.54 . 200 2.87 . 200 3.07 . 200 2.94
. 050 1,51 . 050 2.10 . 050 1.47 . 150 2.85 . 150 2.92 . 150 2.75
.025 1.40 025 1.80 025 1.42 .100 2.67 . 100 2.73 . 100 2.55
. 075 2. 56 . 075 2. 66 075 2.43
23 . 950 Ww.S. .945 W.S. 1.158 w.S. . 050 2.31 . 050 2,40 . 050 2,14
. 900 3.13 . 900 3.14 1.100 3.18 . 025 1.93 . 025 2.20 . 025 1.89
.700 3.02 .700 2.98 1. 000 3.18
. 500 2.91 . 550 2.85 . 900 3.10 || 15 e . 810 w.S. . 595 W.S. . 515 w.S.
. 400 2.80 . 400 2.70 . 800 3.08 . 750 2.32 . 550 2. 47 . 470 2.43
. 300 2.75 . 300 2.64 . 700 2.98 . 560 2.29 . 400 2.44 . 400 2. 40
.200 2. 55 .200 2. 57 . 600 2.90 . 400 2,18 .300 2.38 oo 300, 2,31
.150 2.13 .150 2,51 . 500 2.70 . 300 2.01 .200 2.31 .200 2.25
.100 1.93 . 100 2.31 . 400 2.61 . 200 1.83 . 150 2,25 . 150 2.25
.075 1,76 075 2.23 . 300 2.44 . 150 1.85 . 100 2.14 . 100 2.25
. 050 1.56 . 050 2.14 .200 2.10 . 100 1.89 075 2.07 . 075 2.19
...................... .025 2.12 . 100 1.34 075 1.94 . 050 1.88 . 050 2.16
. 050 .30 . 050 1.94 . 028 1.82 . 025 2.10
025 .30 . 025 L90 |
17 e .925 w.S. . 595 W.S. . 690 WS, f| 24l 650 W.S, .810 W.S. . 800 w.S.
.870 1.84 .540 1.72 .635 1,62 610 3.68 . 760 3.70 . 750 3. 56
.700 1.66 . 400 170 550 1.50 550 3.78 . 550 3.70 . 850 3.42
. 500 1.58 . 300 1.56 . 400 1.48 400 3.82 . 400 3.68 . 400 3.17
. 400 1.57 . 200 1.52 . 300 1.14 300 3.78 . 300 3.62 . 300 3.09
. 300 1.54 . 150 1.62 . 110 . 200 3.68 . 200 3.48 . 200 3.07
. 250 1.36 .100 1.46 . 150 1.08 150 3.45 .150 3.20 . 150 2.97
.200 1.29 . 060 1.35 . 100 1.07 100 3.23 .100 3.10 .100 2.78
.175 1,28 . 050 1.03 076 1.04 075 2.96 075 2.98 .075 2.74
.150 1.27 . 025 .98 . 050 1.04 . 050 2.64 . 050 2.79 . 050 2.61
L 125 7 2 I P 025 1.03 . 025 2.31 . 025 2.48 . 025 2.43
. 100 [ /8 SRR USRS PRGN MRS
1 .670 W.S. .670 WS, .700 w.s
S, 1.180 W.S. . 805 W.S. .870 WS, . 550 4.7 . 650 4,74 . 650 4,46
1.015 2.50 . 750 2.33 . 800 2.21 . 400 4,46 . 550 4,53 . 550 4.46
.815 2.50 . 600 2.33 L1700 2.21 .300 4.39 . 400 4.46 .400 4.24
. 665 2.50 . 450 2.26 . 550 2.21 .200 4,17 . 300 4,24 . 300 4.09
. 465 2,40 . 300 2.21 . 400 2.18 .150 4.01 .200 4.01 .200 3,93
.365 2.21 . 200 2.16 . 300 2.04 .100 3.85 .150 3.85 .150 3.85
. 265 1.95 . 150 2.12 . 200 1.956 .075 3.40 .100 3.50 .100 3.59
. 200 1.28 . 100 1.90 . 150 1,88 . 050 3.20 .075 3.40 075 3.40
. 150 .63 075 1.78 .100 1.80 025 2.76 . 050 3.20 . 050 2.88
.100 .74 . 050 1.74 .075 L60 [| 0 e .025 2.88 L0256 2.76
075 .58 . 025 1.74 . 050 1.55
. 050 .62 .- 1.55 || 28 coameeaean . 550 w.s. . 550 w.S. . 550 w.S.
. 025 AL SOOI PRI U PSSR . 500 4,39 . 500 4,32 . 500 4.32
. 400 4.24 . 400 4.16 .400 4,08
18 . .740 W.S. .750 w.S. 600 w.S, . 300 4.08 . 300 4.08 . 300 3.93
. 700 2.16 .720 2.84 . 560 2.85 200 3.93 .200 4.01 .200 3.85
. 550 2.06 . 600 2.81 450 2.84 .150 3.76 .150 3.68 150 3.59
. 400 1,60 . 500 2.76 300 2.80 100 3.40 .100 3.59 .100 3.49
. 300 1.37 . 400 2. 56 . 200 2.73 075 3.30 .075 3.30 075 3.30
. 200 1. 59 . 350 2. 47 150 2.69 050 3.10 . 050 3.10 050 3.20
. 150 159 . 300 2.03 100 2.57 025 2.76 .025 2.64 .025 2.76
. 100 1.23 . 275 L70 075 2.45
.075 1.25 . 250 1.19 050 2.33 29, . . 540 w.S. . 490 w.S. . 490 w.S.
. 050 1.26 .225 .79 025 2.13 .490 4.24 . 440 4.67 . 440 4,81
.025 ) 0275 ORI PRSI PRSP PR, .440 4,39 . 400 4.32 . 400 4.39
. 400 4.39 . 300 4.32 .300 4,39
30 . 665 Ww.8. .625 W.S. .720 Ww.S. . 300 4,16 .250 4.24 .250 4,16
. 620 3.76 . 580 3.68 .675 3.76 .250 4,08 .200 4.08 .200 4,01
. 500 3.59 . 400 3.68 . 500 3.76 .200 4.01 .150 3.93 . 150 4,08
. 400 3.40 . 300 3.49 . 400 3.49 150 3.76 .100 3.59 .100 3.68
.300 3.30 . 200 3.40 . 300 3.40 .100 3.49 075 3.40 .075 3.59
. 200 3.10 . 150 3.20 . 200 3.20 .075 3.10 . 050 3.20 . 050 3.40
. 150 2.88 . 100 2.99 . 150 2.64 . 050 3.20 .025 2.76 .025 3.10
.100 2.70 .075 2.76 .100 2.07 .025 2088 || emmem e el
. 075 2,64 . 050 2.51 . 075 L70
. 050 2, 51 .025 2.07 . 050 170 26 . 505 Ww.S. . 485 w.s .475 w.Ss
. 0256 2 2 IR [ .025 1.48 .470 4.81 . 430 4.81 .410 4.60
.400 4.46 . 300 4.53 .300 4.46
84 . . 450 W.S. .305 W.S. .345 Ww.S. .300 4.46 .200 4,32 .200 4.32
. 425 1.79 . 360 1.98 .320 1.96 .200 3.93 . 150 4.16 .150 4,08
.325 1.78 . 300 1.96 .250 1.94 150 3.76 .100 3.49 .100 3.93
.225 1.68 . 250 1.87 . 200 1. 90 100 3.59 075 3.40 .075 3.76
.175 1.55 . 200 1.87 150 1.75 078 3.10 . 050 3.30 . 050 3.40
.125 1.39 . 160 177 . 100 1. 66 . 050 2, 64 .025 2.07 .025 2.88
. 100 1.35 .10 1.72 075 1.64 .025 2,37 o cmeme el
.075 1.36 . 075 161 . 050 1.64




SUMMARY OF ALLUVIAL CHANNEL DATA FROM FLUME EXPERIMENTS, 1956—61

TaBLE 15— Velocity-profile data for 0.45-mm sand in 8-foot-wide flume
[The lateral section used for measuring was 95-115 ft from the headbox.

w.s.=water surface]

183

Distance | Velocity | Distance | Velocity { Distance | Velocity Distance | Velocity | Distance | Velocity [ Distance | Velocity
Run abovesand| (fps) |abovesand| (fps) |abovesand| (fps) Run above sand (fps) |abovesand (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
2.6 ft from left wall 4.0 ft from left wall 6.8 ft from left wall 4.0 ft from left wall 4.0 ft from left wall 4.0 ft from left wall
og Aume of flume o({ flume of lume of flume of flume
4L 0.613 w.S 0.613 W.S. 0.621 w.s. || a2—Con. 0. 361 1.28 . 158 1.28
. 563 0.84 . 563 0.86 571 0.83 . 261 1.24 . 058 .87
. 463 .83 . 463 .84 471 .85 .161 109 [ |eiiamaaan
. 363 .81 .363 .80 371 .82 . 061 [ 70 PN B,
.263 .76 .263 .79 .271 .77
- .76 .221 T | B eeeeae . 741 w.S,
.75 171 .73 . 641 1.42
.70 J121 .69 LBTT 143
.64 .071 .65 .513 1.43
4 .021 47 .449 1.38
. 385 1.29
Ww.S. .353 Ww.S. .321 1.29
.63 .303 .56 . 257 1.29
.62 .253 .56 .193 1.20
.61 ,203 .56 . 161 1.16
.59 .153 .53 .129 1.13
.58 .103 .52 .097 116
.57 .078 .49 . 065 1.11
.67 . 0563 .47 . 033 1.02
.54 .028 .46 1.2 ft from left wall 2.6 ft from left wall
.45 .003 .40 of flume of flume
[ 0. 551 w.S, 0. 687 W.S. 0. 543 W.S.
w.S. .938 w.Ss. . 501 1.25 . 537 1.20 .493 1.20
.92 . 888 .90 .401 1.23 . 437 1.18 .393 111
.92 . 838 .89 .351 1.20 .337 1.13 .343 1.08
.91 .638 .89 .301 1.18 . 287 1.05 . 293 1.02
.90 .438 .87 . 251 118 .27 .99 .243 .97
.83 .238 .86 .201 1.16 .187 .97 .193 .90
.78 . 188 .83 .151 111 .137 .94 .143 .87
.74 .138 .80 .101 .99 . 087 .84 .093 .84
.74 L113 .78 . 051 .87 . 037 .55 .043 .84
.73 .088 .75 . 026 .84 .012 .49 .018 .80
.72 .063 .74 5.4 ft from left wall 6.8 1t from left wall
.70 .038 .74 of flume oﬁflﬂume
.69 .013 .68 1 9 el . W.S. . 540 WS, |ocemmaccaas
. 531 1.22 . 490 125 |.
.431 L1 . 390 1.23 |-
w.s. . 813 Ww.S. . 381 1.08 .290 1.16 |-
.94 763 .98 .331 1.05 .240 L1l |
.94 L7183 .98 . 281 1.02 .190 108 |-
.92 . 513 .87 .231 .90 . 140 1.05 |-
.88 .313 .80 181 .87 . 090 1.02 |-
.80 .213 .74 L1131 .80 . 040 .97 |
T ks e 207t Rom1eft wilk- | 404t fyom teft will |* 6677 Jrom ft il
. . . .0 ft from left wa 4.0 ft from left wa t from left wa
.69 .138 .53 4 {r;‘ ﬂum{ 7 'gf ﬂum'e( of flume
.67 013 45 || 1 0. 650 W.S. 0. 650 w.S, 0. 650 w.S.
. . . 625 1.62 . 625 1.63 . 625 1.62
- . 525 1.59 .525 1.60 . 525 162
425 1.56 .425 1.49 . 425 1.56
. 325 1. 50 . 325 1.45 .325 1.52
w.S L7711 w.S. . 225 L4 .225 1.39 .225 14
.97 721 .94 .125 1.36 .126 1.36 . 125 1.30
.92 . 671 .94 . 025 1.33 . 025 134 . 025 .01
.90 471 .92 2.6 ft from left wall 5.5 ft from left wall
.90 .27 .82 of flume
.86 .171 RO | T, 0.737 W.S. . 667 W.S. Ww.S.
.82 .121 .71 . 637 1.65 . 667 1.70 178
W77 . 096 .63 . 537 1.62 . 467 1.63 1.70
.65 071 .58 .437 1.57 . 367 1,62 1.70
.52 . 046 .58 .337 1.57 .317 1. 60 1.70
.46 .021 .46 . 287 1.51 . 267 1.60 1.53
43 . 010 .35 . 237 1.45 .217 157 1.55
112 (N . 187 1.43 .167 1.49 1.49
5.4 ft from left wall .137 1.25 117 142 1.35
of flume .087 1.13 . 067 1.33 1.25
B .673 Ww.S. . 697 w.s. 0. 656 w.s. . 037 .94 . 042 125 [
. 623 .74 .647 .80 . 606 .82 7.0 ft from left wall
.578 .78 597 .80 . 556 .79 of flume
. 473 .78 . 497 .79 . 456 T B 0. 757 w.S.
.373 .T7 .397 .78 . 356 .79 . 657 1.68
. . . 567 1.67
. 457 1.65
.357 1.65
. 257 1.62
. 207 1.56
. 157 1.35
. 107 1.29
. 057 1.02 -
1.2 ft from left wall of left wall of
flume fl flume
) ) S 0.310 w.S. 0.357 w.8. 0. 314 W.S,
. 260 1.00 .311 1.00 . 274 1.02
.210 .97 . 261 1.02 224 .97
. .211 .84 .174 .94
. 186 .90 149 .90
.161 .84 .124 .90
136 .80 . 099 .84
L111 L7 . 074 .80
. 086 .77 .049 .80
. 061 .74 . 024 .77
. 036 I 3 R SO,
.011 1 (N FE
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TasLE 15.— Velocity-profile data for 0.45-mm sand in 8-foot-wide flume—Continued

Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
Run abovesand| (fps) |abovesand| (fps) |abovesand| (fps) Run abovesand| (fps) |abovesand| (fps) |abovesand| (fps)
bed (it) bed (ft) bed (ft) bed (ft) bed (ft) bed (it)
5.4 ft from left wall of | 6.8 ft from left well of | 4.0t from left wall 1.2 ft from lefi wall of | 2.6 ft from left wall of | 4.0 ft from left wall
Slume flume of Rlume flume fume of flume
11—Con. 0. 390 W.S. 0.271 W.S. [ 0. 445 w.S. 0. 500 W.S.
. 340 1.00 .221 0.99 . 395 1.45 . 450 1.47
. 290 90 .97 .345 1.43 . 400 1.45
. 240 90 .90 .295 1.42 . 350 1.38
.215 90 .87 .245 1.40 . 300 1.33
. 180 87 .84 .195 1.33 250 1.29
.165 .87 .80 .145 1.31 .200 1.23
. 140 .80 .80 .095 1.02 .175 1.20
.115 84 .49 . 070 .84 . 150 1.11
. 090 i S, P, . 045 .65 .125 1.05
. 085 S (S SURRRORI) PRSI RUU U | S (SPRUU IR PSR . 100 .90
. 040 P ¢ 4 [ U,
.015 69 | s 5.6 ft from left wall of | 7.0 ft from left wail of
1.2 1t from left wall of | 2.5 t from left wail of Alume fume
Slume Slume [ 0.477 W.S. 0. 486 WS [cccmccaeaas
4 . 0. 648 W.S. X W.S. 0. 661 W.S. 427 1.38 .436 1.31 |-
. 548 1.87 . 548 1.81 . 561 1.76 377 1.33 . 386 1.23 |-
.48 1.84 .48 179 . 461 1.76 .327 1.33 . 336 1.27 |-
. 348 1.79 . 348 1.78 . 361 1.72 277 1.20 .286 1.18 |.
. 298 181 . 298 1.73 . 261 1.55 .227 1.16 .236 1.20 |_
.248 1.76 .248 1.78 .211 1.57 177 1.11 . 186 1.13 |.
.198 1.72 .198 1.72 .161 1.53 L127 .99 .136 1.05
. 148 1.65 .148 1.62 111 1,53 .102 .94 . 086 94
. 098 1.51 . 098 1.62 . 061 1.49 . .87 . 061 84
. 048 1.47 . 048 1. 58 011 1.47 052 69 . 036 65
5451t fn}% lﬂ%t wall of | 7.0t fr% ﬁg wall of 4.0t from left wall of
7 SO 0. 665 w.s. 0.678 w.s. Alume
. 565 1.73 . 578 1.55 120 s 0.237 W.S,
. 465 1.73 .478 1.53 .189 1.22
. 365 1.70 .378 1.43 .139 1.16
.265 1.62 .278 1.42 .114 1.1
215 1.53 .228 1.42 . 089 1.08
. 165 1.51 .178 1.35 . 064 1.05
L115 1.45 .128 1.33 . 039 .97
. 065 1.29 . 078 1.31 014 90
s 2 0% 2 2.0 ft from left wall of | 4.0t from left wall of | 6.0 f¢ from left wall of
X rom left wall o] 8 rom left wall of | 6.0 ft from left wall o]
1.2ﬂfrof7zr;tlzg wall of 2.6‘ﬂfro;tn 11 Aume Aume Aume
8 0.461 w.s .493 w.s. || 19 oo 0.423 0.433 W.S. 0. 285 W.S8.
411 1.29 . 450 1.25 . 408 .418 1.42 .270 1.58
311 1.27 . 350 1.22 . 308 .318 1.53 .170 1.67
261 1.20 . 300 1.20 .208 .268 1.55 120 1.63
211 1.08 . 250 1.18 .158 .218 1.42 . 095 1.51
161 1.056 . 200 .11 .108 .193 1.55 .070 1.45
111 99 . 150 1.02 . 083 .168 1.47 . 045 1.33
061 87 .100 .99 . 058 .143 1.42 . 020 1.20
011 .73 . 050 .84 .033 (l)ég }gg . 010 .94
G4t froﬂﬂ; lftwallof | 68ftfrom leftwallof | | T " 068 116
I 0.421 we. |l 05111 WS oo e - 043 118
.419 .25 461 127 |ecceeee e Y0 |- .018 1.18
.319 1.22
219 1.18 3 1. 016 WS, . 760 W.S.
169 1,08 .916 1. 58 . 660 1.92
119 1.02 . 866 1.60 560 1.86
069 .97 . 816 1.60 . 460 1.75
019 84 716 1.58 . 360 1.58
---------------------- g8 rg) ol o
2.6 ft from left wal . .41 1.67 . .
ffﬂmm{ wall of i slftfr%zmlf{t wall of e g A 3
T 0. 632 Ww.S. . 698 0. 606 S,
.532 1.60 . 508 1.88 . 506 1.75
.432 1.62 .498 1.93 . 406 1.65
.332 1.60 .398 1.79 . 306 1.65
.232 1.62 . 208 1.84 .206 1.62
. ig% % gg . %98 { 82 .156 1.60
. . .158 .84 . 106 1.49 . W.S. .655 w.S.,
L082 157 1008 179 1056 R Ve g L70 ‘%8 1.7
.032 1.29 . 058 1.78 . 006 . 184 . 620 1.88 .535 1.90
1.2 ft from left wall of | 2.6 ft from left wall of | 4.0 ft from left wall of 1.79 . 520 1.85 . 435 1.91
flume flume flume 1.58 . 470 1.79 . 335 191
W 0.279 W.S. 0.302 W.S. 0.245 W.8. 147 T 420 172 " o85 1.85
. 229 1.08 . 252 0.99 .195 1.18 1.35 .370 172 .235 1.73
179 1.02 .94 1.11 1.20 .320 1.68 2185 1.63
10 g 106 97 “270 1.68 1160 1.65
. 1 .94 .97 .220 1.57 .135 1.55
14 -90 .94 -170 1.43 .110 1.47
. -87 .90 145 1.60 .085 1.38
. 054 .80 .87 1.56 .060 1.29
029 120
- -35 .73 .095 1.38 .035 1.16
-004 228 027 LT - 070 L4 -010 1.05
................................. .045 U 3% IR, PR,
6.4 1t from left wall o
ﬂum{: ! .010 P -/ P P,
100 .. 0.273 W.S. . 75 TR ) PR
. 223 113 . 08 oo P T . 660 w.8. 1.080 W.S. . 700 W.S.
.173 111 . L08 | .610 2.78 1.030 2.44 . 650 2.62
.148 1.08 96 | W99 | . . 510 2.88 .930 2.44 . 550 2.68
.123 1.02 . 1.t N DR PRI .410 2.82 . 830 2.50 .450 2.70
098 99| 146 97| . 310 2.86 .730 2.48 . 350 2.60
073 97 12 o4 . .210 2.78 .630 2.46 . 250 2.76
B0 L0968 .87 | . . 160 2.76 . 580 2. 40 .200 2.70
.023 80 L07L | L84 . .110 2.70 . 530 2.37 .150 2.64
. .65  .046 | .69 |\ .. . 060 2.62 .480 2.40 .100 2,60
................................ .035 2,60 .455 2.54 .050 2.31
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TasLE 15— Velocity-profile data for 0.46-mm sand in 8-foot-wide flume—Continued

Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
Run abovesand| (fps) [abovesand| (fps) |abovesand| (fps) Run abovesand | (fps) |[abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of lume of flume of flume
23—Con, . 430 2.40 0.025 2.16 || 20—Con. 0.079 1.97 0.145 2.52 5
.405 2.37 .010 1.88 .054 1.78 .120 2.40
.330 2.44 || . 029 1.35 . 095 2.38
.230 2.29 | e . 004 .73 .070 2.19
. 130 242 |l o . 045 1.92
...................... .020 1.60
22 .. . 965 W.S. 1.088 W.S. 1.114 W.S.
. 865 1.7 .988 1.95 1.014 1.98 .335 W.S. .370 W.S.
. 765 1.85 . 888 1.92 .914 1.94 .325 4.87 . 300 4,61
. 665 175 . 788 1.94 . 814 2.05 .275 4.84 . 250 4.38
.465 1.68 .588 1.79 .74 2.03 .225 4.61 . 200 4,38
. 265 1.67 .388 1.72 .514 1.73 .175 4.60 . 150 3.61
.215 1.60 .288 1.65 464 1.63 .125 4.38 .100 4.09
.165 1.55 .238 1.62 .414 1.33 .075 3.87 . 050 3,64
115 1.55 .188 1.35 .314 1.27 . 050 3.33 . 025 3.50
.065 1.55 .138 1.51 .214 1.20 . 025 2.29 | o
...................... .088 1.47 .114 .13
...................... .038 1.22 .010 .84 || 27 . . 293 Ww.S. .323 w.S. . 319 W.S.
. 243 3.75 .273 3.71 .269 3.83
25 . .484 W.S. .351 W.S. .270 W.S. .193 3.55 .223 3.64 .169 3.19
.409 1.78 .301 2.02 .220 2.11 .143 3.41 .173 3.51 .119 2.78
.384 1.78 .251 1.98 170 2.09 . 093 3.24 .123 3.46 . 069 2.28
. 334 1.76 .201 1.91 . 120 2.10 .068 3.02 .073 2.74 .044 1.79
.284 1.68 .151 1.94 070 2,09 . 043 2.82 . 048 2.39 . 019 1.25
.234 1.73 .126 1.62 045 1.91 .018 2.00 .023 2.36 |- |eooaiC
.184 1.78 .101 1.91 . 020 1.73
. 159 1.76 .076 1.76 . 005 1.67 36 . .190 W.S. .170 Ww.S. .160 WS,
L1334 1.79 .051 L72 fe |l .130 1.97 .150 2.44 .140 2.31
.108 1.78 . 026 158 || 115 2.06 .130 2.24 115 2.44
.084 172 |occcccaaee JEURUOR R PR, 090 1.87 .105 2.08 . 090 2.42
. 059 ) %1 2 (RS PSR (USROS PRSI . 065 1.95 . 080 1.87 . 065 2.42
. 034 145 e .040 1.53 .055 1.67 . 040 2.21
.020 1.53 . 030 1.05 .020 2.31
b T . 570 Ww.S. . 750 w.S. .010 1.47 . 020 1.38 .010 1.73
.470 2,80 . 650 .95 194} 294 1 || .010 L85 | e miaeas
. 370 2.82 . 600 1.82 2.5 ft from left wall of
. 320 2.66 . 500 1.68 flume
.270 2. 56 . 400 1.67 4 0.614 w.S. . 510 W.S. .499 w.S.
. 220 2.48 . 300 1.79 . 550 5.50 . 490 6.09 .479 5.74
.170 2,48 . 250 1.76 . 500 5.50 . 450 5. 82 . 450 5.65
.120 2. 36 . 200 1.68 . 400 5.40 . 350 5.61 . 350 5.30
. 070 2.22 .150 1.20 . 300 5.19 250 5.39 .250 5.35
020 2.12 .100 .77 .200 4.86 .200 5.02 . 200 5.03
. 050 .73 . 150 4.80 .150 4.82 .150 4.75
. 023 .60 . 100 4.17 .100 4,38 .100 4.43
. 050 3.74 .050 3.77 . 050 3.85
40 . 1. 300 W.S. . 936 W.S. .728 W.S. .025 1.45 .025 2.64 .025 3.35
1,280 3.96 . 900 3.08 . 650 3.42 2.0 ft from left wall of
1.180 3.83 . 700 3.36 . 600 3.67 ume
. 980 3.64 . 500 3.30 . 550 3.60 || 30.___._______ 0.225 W.S. . 281 W.S, . 265 W.S.
. 780 3.87 400 3.34 . 450 3.44 175 3.06 .231 3.31 . 225 3.13
. 580 3.45 . 300 3.08 . 350 3.75 . 150 2.90 .181 3.27 .200 2.72
. 480 2.15 . 200 3.18 .250 3.7 L1256 2.62 .131 2.90 175 3.06
. 380 1.82 .100 3.05 . 150 3.7 . 100 2. 60 .081 2.54 150 2.98
. 280 .00 . 050 2. 62 . 100 3.32 .075 2.46 .056 2.60 .125 2.97
. 180 .00 . 025 2.05 . 050 2.92 . 050 2.12 .031 1.87 .100 2.76
____________________________________________ . 025 2. 56 .025 1.68 .006 2.25 .075 2.60
............................................ . 050 2.1
39 . 570 w.S., 540 w.s. . 640 w.S. .025 125
550 5.45 500 5. 60 . 600 5.40
500 5.19 . 400 5.34 . 650 5.10 35 ... .260 W.S. .203 W.S. .229 w.s.
400 5.22 300 5.20 . 450 5,00 .200 3.76 .173 3.12 .200 3.45
300 5.04 200 4.59 . 350 4.80 1756 37 173 3.57 175 3.23
200 4.85 100 4,04 . 250 4.74 150 3.52 .148 3.17 . 150 3.28
100 4.27 050 3.63 .150 4,20 .125 3.25 .123 3.16 .125 3.01
050 3.74 025 2. 52 . 100 3.85 .100 3.40 .008 3.18 . 100 2.86
025 264 | o] . 050 3.41 .075 2.54 .073 2.82 075 2.64
............................................ . 025 1.18 .050 2,44 .048 2.12 .050 190
.025 2,06 | |eemeeees .025 172
P SN . 500 W.S. . 460 W.S. .485 W.S
. 480 4.71 450 4.47 . 455 4.53 || 84 . 280 W.S. . 260 W.S, .300 w.8.
.410 4.26 .350 4.48 . 405 4.62 . 200 4.33 .200 4.53 . 250 4.23
. 310 3.83 . 250 4,23 . 305 4.27 . 150 3.97 . 150 4.27 .200 4.20
.210 3.73 . 200 4.07 . 205 4.21 .100 3.58 -100 3.60 -150 3.90
.160 3.85 .150 3.98 155 3.78 . 050 3.4 . 050 3.27 .100 3.59
.110 3.50 .100 3.50 .105 3.61 . 025 3.39 025 2.54 . 050 3.16
A AN 1 A B 1 O et R At R m
1020 L it . o1 2. 33 . .340 W.S, .305 W.S., .300 w.s
35 010 1.25 015 68 *380 N “928 ig% %gg iﬁ
28 o . 408 W.S. . 343 Ww.S. .395 W.S. . 230 4.45 .175 .
.358 5.10 .323 4.25 .345 4.35 . 180 4.08 125 3.85 . 150 4.33
. 308 5.10 .273 3.85 . 295 4.17 .130 3.97 .075 3.50 .100 3.76
. 258 4.32 . 223 3.86 . 245 3.89 . 080 3.74 . 050 3.10 . 050 3. 50
. 208 4,55 .173 3.74 .195 3.75 . 055 3.52 . 025 2.83 025 3.06
. lgg :?3' gg . (l)?g g ;3 . ig5 :?3' gg . 030 810 [om e e e
it X . .71 .120 3
. 058 3.49 .023 3.09 . 095 3.35 | 38 . 510 w.S. . 500 w.s. . 490 w.8.
.070 3.21 450 6.13 . 450 5. 57 . 450 6.13
. 045 2.78 . 400 6.08 . 350 5.70 . 400 6. 06
. 020 1.356 . 300 5.70 .250 5. 50 .350 6.19
.200 5.19 . 200 5.33 . 250 5.69
.325 w.S, . 150 5.18 .150 5. 02 . 200 5.45
.275 2.4 . 100 5.09 . 100 4.89 . 150 5.30
. 225 2.35 .050 5.02 . 050 4.73 . 100 4.83
.175 2.42 .025 3.89 . 025 3. 56 . 050 4. 56
.125 224 || et e e e e . 025 3.4
.100 1.98
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TaBLE 15.—Velocity-profile data for 0.46-mm sand in 8-foot-wide flume—Continued

Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
Run abovesand| (fps) |[abovesand| (fps) |abovesand (fps) Run above sand (fps) |abovesand| (fps) |[abovesand (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of flume of flume of flume
0. 500 Ww.S. 0. 480 Ww.S. 45—Con. 0. 060 3.49 0. 3.63 0. 100 3.26
. 450 5.65 .425 5.20 . 035 3.34 . 035 3.31 . 075 2.98
. 425 57 . 400 5.20 A
.325 5 54 . 350 5.49
.225 515 .300 5.49
.125 4,66 . 200 4.95
075 4.38 . 100 4.56
. 050 3.60 . 050 4.32
. 025 3.15 .025 4,06
. 345 Ww.S. .380 W.S.
. 275 5.44 . 340 5.03
.225 5.24 . 290 5.25
.175 4,93 . 240 5.25
.125 4,81 .190 4.85
. 075 4,53 .140 4.62
. 050 4,29 . 090 4.53
.025 3.95 . 050 4,03
______________________ . 025 2.60
45 . . 185 W.S, .190 w.S. .215 Ww.S,
160 3.94 .160 4.08 . 200 3.97
.135 3.95 .135 3.85 L1756 3.87
110 3.79 .110 3.79 . 150 3.68
085 3.58 . 085 3.52 125 3.50

» These profiles taken 80, 100, and 124 feet from headbox.

TaBLE 16.— Velocity-profile data for 0.93-mm sand in 8-foot-wide flume
[The lateral section used for measuring was 95-115 ft from the headbox. w.s.=water surface]

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of flume of flume of flume
Run Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand | (fps) [abovesand| (fps) |abovesand| (fps) abovesand| (fps) |abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
19 . 0.980 W.S. 0.974 w.S. 0.972 ws. || 20—Con.  |ocom|eeaaaos 0. 300 L76 omaamae
.930 1.47 . 804 1.58 . 930 1.49 . 200 1.64 |-
. 830 1.50 . 697 1. 55 . 830 1.51 .150 1.57 |-
. 680 1.50 . 547 1.52 . 680 1.48 .100 1.44 |
. 530 1.44 . 397 1.41 . 530 1.45 .050 1.25 |-
.380 1.38 . 297 1.35 . 380 1.40 . 030 1.16 |
.230 1.32 197 1.30 .280 1.36 .010 [ I P —
.130 1.22 .147 1.25 . 180 1.27
. 080 1.11 . 097 1.13 .130 1.25 21 —-— - 0.985 w.S.
. 040 1.04 . 057 1.00 . 080 1.13 ——— . 955 2.23
.020 .94 .027 .93 . 050 1.02 . 905 2.21
__________ .020 .91 . 8056 2.17
—— . 706 2,14
% T I, JR, - . 605 2.10
1.82 P P . 2.06
U O Ut | N PSP - . 405 1.99
1.75 - .305 1.86
1.74 . 205 1.80
1.70 .165 179
1. 66 .125 1.68
1.62 .085 1.63
1.51 . 045 131
1.47 - - .025 1.19
b 0 = 2 ORORRyRE FROU st | N URIUIIURUIIGIUN [SUUUIVIUUINUIEY SRR PR, .015 1.01
1.28
1.10 180 e . 900 w.S. 1. 060 w.S. 1.012 w.s.
.870 2,23 1.030 2.23 .982 2.29
Ww.S. L770 2.22 . 900 2,22 .882 2.30
1.98 .670 2.18 . 750 2,13 .782 2.27
1.97 .520 2.10 . 650 2.13 .682 2,256
1.92 .370 2.06 . 550 2,06 .582 2.22
1.91 .270 1.94 .450 1.97 482 2.16
1.86 .170 1.81 . 350 1,92 .382 2,07
1.78 .120 1.72 . 250 1.88 . 282 1.98
1.70 .070 1.63 .200 1.84 .182 191
1.67 . 020 1.06 .150 1.74 132 1.81
1.55 .100 1.49 . 082 1.68
1.47 . 060 1.37 . 052 1,65
1.39 .030 1,23 .022 1.4
1.15
1. 040 Ww.S. 1,025 W.S.
W.S. . 950 2.33 975 2,30
2.02 . .750 2.27 . 825 2.30
1.97 .695 2.15 . 550 2.19 .675 2.25
1.97 .495 2.06 .400 2.12 .575 2,17
1.93 .395 2.00 .300 2.02 .475 2.13
181 . 205 1.97 .200 1.90 .375 2,09
1.83 195 1.84 .150 1.83 275 2,00
177 . 145 1.78 . 100 1.72 175 1.85
1.7 . 095 1.72 . 060 1.60 .125 1,75
1.67 .055 1.56 . 030 1.40 .075 1.64
1.55 025 144 | eaeee . 035 1. 46
1.35
1.09
.69
w.s,
2.00
2.00
2,01
1.96
1,92
1.86
1.81
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TaBLE 16.— Velocity-profile data for 0.9-8mm sand in 8-foot-wide flume—Continued

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of flume of flume of flume of flume
Run Run i
Distance | Velocity Distance Distance | Velocity | Distance | Velocity
abovesand | (fps) above sand abovesand | (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft)
20—Con.  |eemommmmmon] e 14 0. 562 w.S. 0.548 W.S. 0.577 Ww.S.
______________________ .540 2.16 . 530 2.17 . 560 2.13
.480 2.13 .480 2.18 . 520 2.14
7 P W.S. .430 2.10 .430 2.16 .470 2.14
- 1.65 |- . 380 2.06 . 380 2.13 . 420 2.09
_ 1.62 |- .330 2.03 . 330 2.08 .370 2,08
- 1.61 |- .280 1.94 .290 1.99 .320 1.99
- 1.59 |- .240 1.92 . 250 1.98 . 280 1.98
- 1.54 | . 200 1.85 .210 1.97 240 1.92
- 1.52 |- . 160 1.80 . 180 1.89 . 200 1.86
_ 141 |- .130 1.72 . 150 1.84 . 160 1.79
- 1.32 |- .100 1.66 .120 L77 .130 1.70
- 1.25 |- .070 1.56 .09 1.68 . 100 1.62
............ 1.16 . 040 L35 . 060 1.62 .070 1.54
.020 1.26 .030 1.49 .040 1.41
80 el L2 PRSPV | A (PRSI MSYPPRIE RS J . .020 1.37
- 1.78
_ 1.75 34__________ . 540 W.S. . 530 W.S. .510 W.S.
- 1.74 . 510 2,21 . 500 2.28 .480 2.30
- 1.68 . 460 2.20 .450 2.24 .430 2.27
- 1.66 .410 2.18 . 400 2.18 . 380 2.24
- 1.61 . 360 2.15 . 350 2.13 .330 2.12
- 1.56 .310 2.10 . 300 2.11 . 280 2.04
- 1.49 . 260 2,02 . 250 1.99 .230 2.04
- 1.38 210 1.98 .200 1.90 .180 1.92
- 1.28 . 160 1.88 .1580 1.86 .130 1,82
- 1.13 .110 L78 110 1.79 . 080 L7
.99 . 060 1.66 .070 1.58 .050 1.60
. 030 1.47 .040 1.38 .030 1.45
-1 S 0.485 W.S. w.S. Ww.S. .010 L31 .020 .96 .010 1.22
. 450 1.80 1.80 1.80
. 420 1.78 1.76 1.78 || 16-_..____. 1.006 w.s. .993 W.S. .995 W.S.
.370 1.76 1.74 1.77 . 950 2.55 . 966 2.71 .900 2.74
.320 1.74 1.68 1.77 .800 2.46 .866 2.66 . 700 2, 66
. 270 1.72 1.63 1.68 . 700 2.44 . 666 2.60 .500 2.50
.220 1.64 1.60 1.68 . 600 2.39 . 466 2,36 . 400 2.40
170 1.62 1.48 1.62 . 500 2,26 .316 2.13 .300 2.23
120 1.49 1.43 1.55 .400 2.15 .216 1,94 .250 2.30
. 080 1.45 1.23 1.45 . 300 2.00 .166 1.88 .200 2.07
. 050 1.29 1.08 1.37 .200 1.90 .116 1.83 .150 2.02
. 020 .96 1.24 . 150 1.76 . 066 175 . 100 1.95
______________________ 1.12 .100 1.57 .016 1.43 . 060 1.94
. 060 137 | , 030 1.79
& T .935 w.S. w.S. w.S. .030 b S RO EORSSESRION OSSN PN
.900 2.48 2. 50 2.60
. 750 2.51 2.41 2.52 - JR— . 580 w.S. .560 W.S. . 550 W.S.
. 550 2.51 2.26 2.39 .540 2.20 .510 2.43 .520 2.42
. 400 2.40 2.26 2.30 .490 2.21 .460 2.42 470 2.4
. 300 2.24 2.01 2.14 .440 2.28 .410 2,34 . 420 2.36
.200 2.18 1,91 2.08 .39 2.24 . 360 2.32 .370 2.32
.150 2.13 1.91 1.98 .340 2.25 .310 2.36 . 2.29
. 100 2.09 .88 1.93 . 290 2.16 .260 2.26 .270 2.14
. 060 1.87 1.85 1.80 . 240 2.16 .210 2.20 .220 2.06
. 030 1.82 1.83 1.73 .190 2.12 .160 1,98 170 1.97
______________________ 1.75 . 140 2.00 .110 1.47 .120 1.78
.110 1.86 .070 070 1.58
23 w.S. . 080 1.81 . 040 1.48
1.87 . 050 1. 56 .010 1.33
1.83 .010 P 3 P PRUEPRII SN P
1.82
1.76 17 1.196 W.S. .948 w.S,
1.70 1.160 2.67 .900 2.99
1.64 1. 060 2,62 . 800 2.96
1.62 . 960 2. 55 700 2.91
1. 55 . 860 2.51 . 600 2.90
1.48 . 760 2.47 . 600 2.87
1.40 .660 2.44 .400 2.84
1.20 . 560 2.34 .300 2.71
- .95 . 460 2.21 . 200 2.60
82 . . 510 W.S. WS, W.S. - 360 21 N
.310 2.11
.490 2.03 2.08 2.01 260 2.08
.440 2.03 2,06 2.02 X 1.88
.210 .
. 390 2.05 2,00 2.00 160 84
.340 2,01 1.97 1.98 1160 .64
. 290 1.99 1.95 1.95 ‘060 .58
| 1ol 1o 18 ’
: -91 1.8 -85 5. . W.s.
40| 1se 1.75 180 | 8o | 2 o I % 2.56
.100 1.76 167 L1 .440 2.30 .370' 2.67 .400 2.52
-070 1.65 1.5 1.63 1390 2,31 1320 2.65 1350 2,48
. 040 1.51 1.29 147 340 2.26 .270 2.61 . 300 2.30
. 030 1.39 1.22 1.21 290 293 9290 2.53 " 250 2.31
010 123 0| 218 | z42 2200 2,18
24 | w.s. 190 2.15 120 2.36 .150 2.16
- 1.98 . 140 2.15 .080 2,20 .100 2.01
- 2.01 .090 2,05 .050 2.08 . 060 2.00
- 1.92 .050 1.88 . 020 1.79 . 030 1.80
- 1.91 .020 162 |- e
_ 15 955 w.s
- I | I T 1.105 w.s. 1.025 w.S. . .S,
‘ 1.73 1.050 2.85 1.000 .74 .875 2.71
- 1.60 . 950 2.75 .845 . 65 675 2.76
- 1.49 .750 2.52 . 695 . 61 525 2.64
- 1.37 . 600 2.52 . 545 . 40 375 2.47
------------ 1.21 . 2.48 .395 . 26 275 2.51
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SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

TaBLE 16.—Velocity-profile data for 0.93-mm sand in 8-foot-wide flume—Continued

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4,0 ft from left wall 6.0 1t from left wall
of flume of lume of flume f fl of lume of flume
Run Run
Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity
(fps) above sand (Ips) |abovesand| (fps) above sand (fps) above sand (fps)
bed (ft) bed (ft) bed (it) bed (ft)
5—Con. 2.44 0.295 2.13 0.175 2.36 || 8o Ww.S. 0.422 Ww.S. 0.372 W.S.
.71 .195 1.95 .125 2.23 3.20 .390 3.52 . 350 3.20
.52 .145 1.58 .075 2.01 3.24 .340 3.52 . 300 3.20
.51 .095 .58 . 050 1.98 3.31 . 300 3.52 . 250 3.52
.41 . 055 .58 .025 2.14 3.23 . 260 3.20 .210 3.12
.45 L0256 IS - 20 PR (RS, 3.07 . 220 3.08 170 3.12
2T FORRUSN) FEPURR R BRSPS RPN [N, 3.00 .180 2.77 .130 2.94
2.91 . 140 2.60 .090 3.20
) [+ W.S. .452 W.S. 2.94 . 100 2.41 . 060 3.28
2.63 .390 2.72 2.71 . 060 2.37 .030 .76
2.63 340 2.70 2.61 . 030 2.41 || .
2.60 . 300 2.67 2.356
2.59 . 260 2,70 2.07
2. 56 .220 2.47 .88
2.53 .180 2.47
2.49 . 140 2.49 . 750 Ww.S. . 540
2.37 . 100 2.49 . 5650 4.85 . 450
2.32 .070 2.47 . 450 4.85 . 350
2.26 .030 2. 52 .350 4,09 . 250
. 250 4,22 .150

37 . 950 W.S. .150 3. 52 .100
- . 860 3.26 .100 3.37 . 050
- . 760 3.10 . 050 2.64 || ___
- . 610 3.03
- . 460 2.99 . 500 w.S.
- .310 2. 69 . 450 3.75
- .210 2.50 . 400 3.52
- .110 2.07 — - . 350 3.83
- . 060 1.29 . 300 3.45

. 030 1.09 . 250 3.52
. 200 2,42
36 . w.S, . 450 Ww.S. 0. 425 w.S. . 150 2.65
2. 67 . 420 2.24 .370 1.66 . 100 2,93
2.69 . 390 2. 66 .320 2.7 . 060 3.03
2.76 .340 2.52 .270 2.61 . 030 2.75
2.49 . 290 2.35 .220 2,27
2. 58 . 240 2.36 .170 2.43 a. W.S. . 400 W.S. . 420 W.S.
2.51 .190 2.36 .120 2.61 6.72 . 360 5. 64 . 350 5.96
2.47 . 140 2.26 . 080 2.56 6.24 .310 5.78 . 300 5.17
2,43 . 090 2.43 . 050 2.51 5.21 . 260 5. 56 . 250 4.85
2.15 . 050 2.12 .020 2.80 3.95 .210 4,85 . 200 5.12
__________ .020 2,05 {oo e 3.60 . 160 4. 58 . 150 4.70
. b . A . . 82
[ ;;3 . ggg :‘;77250 2,05 . 030 2.18 . 030 3.20
353 2700 3.11 -2l O N
g. ?7 . 250 g )V I Bisumi | R A I I e
. 11 . 400 . 94
264 300 31 [ > — w.S. . 430 W.S. .470 W.S.
1,74 200 2 64 6.88 . 380 7.20 . 430 7.35
2 42 "150 285 6.80 -330 6.88 .380 7.13
2.08 80 | 242 6.61 280 | 6.68 .330 6.95
216 " 050 7 6.38 .230 6.49 - 280 6.74
204 : ‘ 6.12 .180 6.21 .230 6.46
2 bE N R 5.82 . 130 5.74 . 180 6,25
Sl I iieieieieieiiied (e 5.42 . 090 5.17 .130 5. 63
4. 96 . 060 3.95 . 090 4.02
(R w.S. . 505 W.S. . 555 w.S. 3.52 . 030 1.36 . 060 1.12
3.19 470 3.23 . 520 2.81 || e e[ e .030 0.38
3.18 420 3.19 . 420 2.75
3.13 .370 2.98 . 320 2,76 || 40 oo.. W.S. . 340 W.S. . 300 Ww.S.
3.06 .320 2. 82 .220 2.70 6.17 .300 6. 61 .280 6. 53
3.03 .270 2, 54 .170 2. 57 5.92 . 260 6.25 . 260 5.79
2.57 . 220 2. 44 . 120 2. 66 5. 60 .210 6.08 .210 5.37
2.30 170 1.97 . 080 2.60 5.01 .160 5.74 .160 5.17
2.40 .120 1.53 . 050 2. 56 3.95 .110 5.32 110 4.70
.100 1.82 . 020 2.48 2.66 . 060 4.75 . 060 4,19
. 060 1.84 | 1.36 . 030 2.18 . 030 1.36
. 030 176 oo
------------ Yo | T a0 | T
7.02 . 380 . . .

e Lo v 6.91 .330 7.23 .310 7.4
- 1800 402 6.76 . 280 7.02 . 260 7.30
B ’ 650 3' 68 6. 53 .230 6. 65 .210 7.02
- . 500 3' 52 6.37 .180 6.27 . 160 6. 63
- 350 3 39 5.87 .130 5.92 . 110 6. 04
- ) 200 9 60 5.27 . 090 5. 52 . 060 5.01
- 100 241 . 060 4,40 . 030 3.45
- <060 .51 .030 FAET ) P I

39. o W.S. .410 W.S. . 450 W.S.

L D w.s. .900 w.S. .830 w.s. 7.09 . 390 7.35 .420 7.41

4,09 . 850 3.90 . 750 3.34 6. 84 . 340 7.16 . 400 7.37
4,09 .700 4.09 . 650 3.98 6.63 .290 6.99 . 350 7.23
3.75 . 550 4.02 . 450 4.16 6.76 240 6. 68 . 300 7.06
3.98 . 400 3.90 . 300 3.59 6. 41 . 190 6.30 . 250 6. 64
3.82 . 300 3.75 .200 2.70 6.16 . 140 5. 87 .200 6.37
3. 59 .200 3.53 .150 2.55 5.64 . 100 5.46 . 150 5.78
3.53 . 150 3.57 .100 1.34 5.32 . 060 4.22 .100 4,64
3.06 .100 3.18 . 060 1.80 2.64 . 030 2.18 . 060 3.89
2.60 . 060 3.34 . 030 1.75 136 |- . 030 .58
0.80 . 030 2 I [
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TaBLe 17.—Velocity-profile data for 0.32-mm sand in 2-foot-wide flume
[w.s.=water surface]

0.5 ft from left wall 1.0 ft from left wall L5 ft from left wall 0.5 ft from left wall 1.0 ft from left wall 1.5 {t from left wall
of flume of flume of flume of lume of lume of flume
Run . . . Run . .
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity [ Distance | Velocity [ Distance | Velocity
abovesand | (fps) |abovesand| (fps) [abovesand| (fps) abovesand| (fps) |abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) N bed (ft) bed (ft) bed (ft)
B 0.522 W.S. w.s. || 8—Con. 0. 062 3.26 0.220 3.88 0.175 3.35
. 480 2.04 1.76 .037 3.15 .120 3.70 .126 3.33
.410 2.04 1. 66 019 2,27 . 070 3.69 075 3.21
.310 2.04 L5 || e el . 045 3.00 . 050 2,62
. 210 2.04 130 || 0 |eemmememen e . 020 2.62 . 025 2.20
110 2.04 1.22
. 060 2.04 1.10 (| 200 oo .511 W.S. . 506 Ww.S. . 592 w.S.
. 035 2.04 .91 . 500 5,63 .450 6.03 .440 5.93
. 023 7 2 ARV DRI RUIN PRSI PR, . 400 5.76 .400 5. 98 .400 5.79
. 010 FIN: 70 NN DR F N O, .300 5. 66 .300 6.08 .300 5.68
. 200 5.27 . 200 5.80 .200 5.11
4 . . 600 W.S. 0.610 W.S. . 150 5,27 . 160 5.36 . 150 5.01
. 850 1.49 .510 1.73 .100 4.74 .100 4.91 .100 4,64
. 450 1.56 .410 1.72 . 075 4,53 . 075 4.77 . 075 4. 50
. 350 1.45 .310 1.58 . 050 4,06 . 050 4.31 . 050 3.92
.250 1.40 .210 1. 52 . 025 3.39 . 025 3.31 . 025 3.64
.150 1.28 . 180 1.54 . 010 2.50 .012 2.60 . 009 2.85
.125 1.24 .135 1.24
.100 117 .110 1.13 . 585 w.S.
075 1.05 . 080 .97 . 535 5.93
. 040 1.09 . 060 1| J PR P | I PR, - .435 5.86
025 .85 .019 [ 3 (ORI PSR | H PRI RO .335 5.63
...... - .235 5. 36
[ .570 W.S. .575 W.S. . 660 w.s., .185 5.13
.520 6.57 . 5256 6.63 .610 590 || e e .135 4.55
.420 6. 68 .425 6.69 .510 6201  |eeee- . 085 4.09
.320 6.28 325 6.41 .410 598 Il ]l . 060 2.48
.220 6.02 .225 6.21 .310 569 || 00 |ecemmmmmeea|mmeeeeeee . 035 1.56
120 5.29 . 125 5.12 .210 5.20 4 0 joa- 010 1.98
. 095 4.85 . 075 4.12 .160 5.16
. 070 4.70 . 050 4.28 . 110 4.07 || 10 _._______ . 531 w.S. . 540 w.S. . 529 w.s.
. 045 4.60 . 025 4.60 . 085 3.80 .450 5.81 .475 5.21 .475 5.80
. 024 4.64 ||l . 060 3.64 . 350 5.70 .375 5.15 .375 5.61
R . J P PR PR, . 025 2.81 . 260 5.24 .275 4.83 .275 5.29
.150 4,91 175 4.80 .176 4.96
6 e . 595 W.S. .675 W.S. . 650 Ww.S. .100 4.85 .125 4,58 .125 4.66
. 545 5.88 .625 6. 56 . 600 5.75 . 050 4.18 . 075 4.48 .075 4.48
445 5.96 . 525 6. 60 . 500 5.97 . 025 3.66 . 050 3.96 . 050 4,08
.345 5.86 .425 6.68 . 400 5,91 .012 2.17 . 025 3.05 025 3.38
.245 5.72 .325 6.42 . 300 586 | | oo . 009 2.16 . 008 2.36
.145 5.30 225 6.07 .200 5.56
. 095 5.18 175 5.60 . 160 5.24 [ S . 585 w.S. . 544 w.S. .544 W.S.
. 045 2.76 . 150 5.25 L1256 4.35 .535 5.77 .486 6.14 444 5.81
. 020 1.42 .125 4.78 .100 4.15 .435 5.85 .436 6. 00 .344 5.61
——_— . 100 4.45 075 3.96 .335 5.83 .386 6.09 .204 5.48
.075 3,64 . 050 3.72 . 285 5.76 .336 6,07 .244 5.47
. 050 2.88 .021 2.76 .235 5.63 . 286 5.82 .194 5.30
. 026 2.29 ..., - .210 5.38 .236 5.91 144 5.08
.185 5.28 . 186 5. 68 .219 4.65
21.... . 545 W.S. |- - .160 5.26 .136 5.31 .094 4.36
. 495 3.80 |- - .135 4,93 111 5. 18 0714 3.96
445 3.69 |. - .110 4.62 . 086 4.82 . 050 3.04
. 345 3.64 |_ - . 085 4.42 . 061 4.20 . 025 2.1
. 245 3.44 | - . 060 3.78 . 036 3.16 .011 1.85
.195 3.28 | - . 035 1.92 .011 )P/ 70 (TR [
.145 3.29 |- - . 008 115 |- - -
120 3.01 {. _
. 085 3.28 |. |1 T S . 643 w.S. . 632 w.S. . 642 w.8.
. 070 3.07 |- - .575 5.20 .575 5.25 . 575 5.22
. 045 2.75 |- .475 5.27 .475 5.26 .475 5.28
. 020 ) I/ T (R P, .375 5.16 .375 5.24 .375 5.21
275 4.96 .275 5.18 .275 5.02
T el .615 W.S. .600 w.S. . 610 W.S. 175 4,80 .175 4,98 175 4.74
. 565 3.96 . 650 3.96 . 665 3.67 L1256 4. 56 .125 4.60 125 4.46
. 466 4,05 . 450 4.14 .465 3.99 .075 4.04 . 075 4.26 .075 4.12
. 365 3.70 .350 4,06 . 365 3.98 . 050 3.70 . 050 3.84 . 050 3.81
. 265 3.68 . 250 3.99 . 265 3.63 . 025 3.20 . 025 3.41 . 025 3.13
.165 3.36 . 150 3.47 . 165 3.21 .010 2.30 .01 2.27 . 009 2.40
.115 3.37 . 100 3.28 .115 2,86
. 080 3.00 .075 2.96 . 090 2.63 || 11 ... .546 W.S. . 562 w.S. . 540 WS,
. 065 2.86 . 050 2.94 . 065 2.75 . 525 5.98 .525 6. 03 . 525 6.01
<040 2.60 022 2.13 . 040 2,27 . 475 6. 07 475 5.86 . 475 6.14
. 019 W87 e 019 1.05 .375 6.00 .375 5. 61 .375 6.03
.275° 5.86 .275 5.45 275 5.88
- S . 562 Ww.S. . 620 W.8. .675 WS, .175 5.37 L1756 508 .175 5.48
.512 3. 656 . 870 3.60 . 625 2.88 .125 5.24 125 4.80 .125 5.61
.412 3.97 520 3. 69 . 525 3.14 .075 4,59 L0756 4.40 .075 4.97
.312 3.98 .470 4.41 .425 3.57 . 050 4.05 . 050 3.90 . 050 4,58
.212 3. 51 .420 4.35 .325 3.8 . 026 2.89 .025 3.15 .25 3.61
.112 3.61 .320 4.01 .225 3.32 . 010 1.88 .012 2.60 . 009 1.68

791-597 0—66——7
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SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS

TaBLE 18.— Velocity-profile data for 0.33-mm (uniform) sand in 2-foot-wide flume
[w.s.=water surface]

0.5 ft from left wall 1.0 ft from left wall 1.5 ft from left wall 0.5 ft from left wall 1.0 ft from left wall 1.5 ft from left wall
of flume of flume of flume of flume of flume of flume
Run Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand | (fps) |abovesand| (fps) |[abovesand| (fps) abovesand | (fps) |abovesand| (fps) |[abovesand| (fps)
bed (it) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
- SRR (RS S (S 0.435 WS |ecmccccen 5Con. feccccemmenas 0. 150
. 390 D I PSS R | R PN, .100
.340 ) U 3 PRI St | N O, .060
.200 1 I I RO | S PR .030
. 240 1.17 (_
.190 1.17 |- ) -l . 520 Ww.S.
. 140 .95 - . 495 4,60
. 080 .90 |- . 445 4,70
. 065 .80 |- .395 4.60
.040 L1 . 345 4,55
.015 By 2 PO .2856 4.49
.245 4,40
SR, PO S, . 456 |25 PR DR | E PSRN M, .195 4.19
.420 1.66 |. .145 4,06
____________ . 400 1.62 |- .095 3.83
........... .350 1.58 |- .045 b2 > N (R
........... . 250 1.4 JENESTI P .020 F: 3 U O P
............ . 200 1.35 | ool
TaBLE 19.—Velocity-profile data for 0.33-mm (graded) sand in 2-foot-wide flume
{w.s.=water surface]
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
Run abovesand | (fps) abovesand| (fps) |[abovesand| (fps) Run abovesand|{ (fps) |abovesand| (fps) [abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
0.8 ft from left wall of | 1.0 ft from left wall of | 1.5 ft from left wall of 1.0 jt from left wall of 1.0t from left wall
flume Sflume flume ume of flume
16 el 0. 510 | T P, 10 s 0. T IR
- . 490 1.25 |- . 2.51 |-
- . 450 1.25 |- .3756 2.51 [
- . 400 1.19 | .325 2.43 |
- . 350 1.16 |- .275 2.47 |
- . 300 1.13 |- .225 2.37 |-
- .250 1.13 |- .175 2.30 |-
- .200 1.10 |- .125 2.31 I
- .150 1.10 |- .075 1.95 |-
- .100 1.10 | . 060 1.99 |
- .060 1.10 | . 040 1.90 |-
- . 040 1.19 |- . 020 1.62 |coooeaaes
____________ .020 1.22 |
- S, .516 W.S. 0. 640 b T ORI (R,
[ ] A, . 548 B T R, . 495 2.59 .620 1.94 -
- .528 0.62 |. . 440 2. 69 . 560 1.85 -
- .493 .63 |- .390 2. 66 . 500 1.78 -
- .480 .60 |- . 340 2.59 . 450 1.74 -
- .430 .60 |- . 290 2,51 . 400 1.68 -
- . 380 .61 | . 240 2.44 . 350 1.67
- . 330 .59 |- .190 2.37 . 300 1.63
- . 280 .58 | .140 2.36 . 260 1.54
- .230 .68 |. . 080 2.15 . 200 1.49 -
- .180 .66 |. . 050 1.90 . 150 1.44 -
- .130 .83 . .030 1.78 . 100 1,43 -
- .090 .62 | .020 1.62 . 060 1.43
- . 060 P20 SRR IRSRRNPRRUer | I (ARUURISN N . 040 1.43
- . 040 PR ;) W PSR R | S PROUURIII R .020 143 ||
"""""""" <00 Bl e 9 534 560 0.621 w.s
____________ . w.S. . W.S. A 8.
LOJifrom left wall of sl4 | Lo8 ‘540 | 2.6 -601 2.06
B 0.493 ws 533 ws - 490 2.09 -490 2.81 . 540 2.08
- 1. 40 *510 1.39 |0t .440 2.11 . 440 3.00 . 490 2.08
" 460 136 © 460 1371 .390 2.11 .390 2.88 . 440 2.04
410 1' 42 ° 410 1' M| .340 2.11 .340 2.97 . 390 2.04
"360 1.39 1360 138 | . 200 2.15 . 290 2.98 . 340 1.98
310 1.34 310 1331 .240 2,13 . 240 3.02 . 290 1.96
'260 i 30 A260 1'28 .190 2.00 .190 2.97 . 240 1.92
'210 l‘ 2% ‘210 1‘25 .140 1.91 .140 2.75 . 190 1.61
'160 114 160 1‘ 20 . 090 1.78 . 100 2.39 .140 1.60
'110 1'07 .110 1‘ il .060 1.65 . 060 2.14 . 090 1.39
070 '93 ‘070 1'05 .040 .99 .040 1.97 . 060 1.36
'040 '79 ‘040 '90 - . 020 1.14 . 020 1.80 . 040 ig{l‘,
J020 .68 2020 8 e N | B B e <020 :
0.5 ft from left wall of [, . 630 w.S.
1 flume . 600 1.93
------------ 0. 480 W.5. . 498 w.S. 0. 530 w.S. . 540 1.92
. 430 2.62 . 460 2.63 . 490 2.51 .490 1.85
. 380 2.62 . 410 2,66 . 440 2.64 . 440 1.81
. 330 2.59 . 360 2.66 . 390 2.67 . 390 177
.280 2.51 .310 2.56 L340 2. 64 . 340 1.76
.230 2.43 . 260 2. 56 .290 2.61 . 290 1.72
.180 2.33 .210 2. 50 . 240 2.49 . 240 1.72
.130 2.23 . 160 2.38 .190 2.36 .190 1.64
. 080 1.98 .110 2.25 . 140 2.15 . 140 1.60
. 050 1.83 . 060 2.07 .090 2.02 . 090 1.568
. 030 1.56 . 020 1.89 . 050 1.77 . 060 1.58
.020 1.38 .010 1.64 . 030 1.36 . 040 1.4
____________________________________________ .020 1.15 .020 1.31




SUMMARY OF ALLUVIAL CHANNEL DATA FROM FLUME EXPERIMENTS, 1956—61

TaBLE 19.— Velocity-profile

data for 0.33-mm (graded) sand in 2-foot-wide flume—Continued

I91

Run

Distance
abovesand | (fps)
bed (ft)

Velocity

Distance | Velocity
abovesand| (fps)
bed (ft) -

Distance | Velocity
above sand (fps)
bed (ft)

Distance
above sand (fps)
bed (ft)

Velocity

Distance | Velocity
abovesand| (fps)
bed (it)

f flume

T 11

1.0 ft from left wall
0

Distance | Velocity
abovesand| (fps)
bed (ft)
1.0 ft from left wall
of flume
0. 528 w.S.
.485 3.40
. 450 3.36
. 400 3.23
. 350 3.12
.300 3.09
. 250 2.96
.200 2.94
. 150 2.97
. 100 2.85
.060 2.73
. 040 2.61
. 020 2.08

161t f;_mn left wall

I

1.0 ft from left wall
of flume

1.0 ft from left wall
o

flume

0. gAO W.S.
. 490 3.88
.440 3.75
.390 3.82
.340 3.45
. 290 3.52
. 240 3.52
.190 3.45
.140 3.12
. 090 2.84
. 040 2.64
. 020 2.18

1.5 f¢ from left wall
of flume

[The lateral section used for measuring was 95-115 ft from the headbox.

TaBLE 20.— Velocity-profile data for 0.47-mm sand in 8-fool-wide flume

w.s.= water surface; r.f., reversed flow as indicated by negative pressure on manometer]

2.0 ft from left wall 4,0 ft from left wall 6.0 ft from left wall 2.0 ft from left wall 4.0 ft from left wall | 6.0 ft from uleft wall
of flume of lume of flume of flume of flume of fl me
Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand| (fps) |abovesand| (fgs) |abovesand| (fps) abovesand | (fps) |[abovesand| (fps) |abovesand| (fps)
bed (ft) bed (it) bed (ft) bed (It) bed (it) bed (ft)
46. ... 0.938 w.S. 0. 450 1.28 0.400 1.31 0. 400 1.30
. 843 1.94 .350 1.22 .300 1.23 .300 1.28
. 743 1.95 .250 1.15 ~200 116 .200 1.13
.643 1.92 . 200 1.03 . 150 1.08 .150 1.12
. 543 1.86 . 150 .93 .100 .99 100 1.05
.443 1.74 100 .86 . 080 .97 . 080 1.01
.343 1.23 . 080 93 . 060 .86 . 060 .99
.203 0.96 . 060 . 040 .78 .040 .90
243 1.00 040 89 .020 72 . 020 .82
.193 0.94 1020 03 | e
.143 1.56
. 093 1.49 . 800 W.S. .810 W.S. . 800 W.S.
. 068 1.22 . 780 1.40 . 750 1.43 .750 1.41
.043 1.31 -550 1.40 . 550 1.32 . 550 1.31
. 018 1.30 . 400 1.24 - 400 124 . 400 1.22
.300 1.21 L300 1.21 .300 1.16
47 .710 Ww.S. .659 W.S. .803 W.S. .200 1.13 . 200 1.07 .200 1.02
.673 1.78 .618 1.98 753 1.92 . 150 1.02 . 150 1.02 . 150 98
.573 1.74 .518 1.95 .653 1.88 .100 .91 .100 .99 .100 87
.473 1.70 .418 1.94 .553 1.87 . 080 77 . 080 .96 . 080 .85
.373 1.65 .318 1.92 .453 1.78 .060 .65 .060 .92 . 060 .84
.273 1.63 . 268 1.89 .853 1.72 .040 .51 .040 .34 .040 71
.223 1.62 .218 1.82 .303 1.74 . 020 .57 .020 .34 .020 .30
173 1.55 .168 1.81 .253 1.70
.148 1.46 118 1.80 228 1.65 785 w.s. 778 w.s. . 770 W.s.
123 1.44 .093 1.80 .203 1.63 .750 1.45 L1750 1.4 .740 1.59
. 008 1.44 . 068 177 .178 1.62 . 550 1.34 .550 1.26 .550 1.45
. 073 1.56 .043 1.69 .153 1.58 .400 1.25 - 400 1.15 .400 1.36
. 048 1.56 . 018 1.62 128 1.56 -300 1.13 ~300 1.16 .300 1.28
.023 1.48 1.53 -200 1.03 .200 1.05 .200 1.14
1.38 .150 .98 .150 1.05 .150 1.07
1.18 .100 .90 .100 .88 . 100 1.03
1.15 - 080 .92 - 080 .86 . 080 .99
. 060 .74 . 060 .83 . 060 r.f.
Ww.s. .040 .45 . 040 .80 .040 r.f.
{. % .020 .00 . 020 R . 020 r.f.
1.84 .780 w.s. .775 w.S. . 740 W.S.
1.89 .730 1.49 725 1.48 710 1.49
L77 .550 1.43 .550 1.39 . 560 1.4
. .400 1.29 . 400 1.33 . 400 1.28
.300 1.24 .300 1.20 .300 1,14
.200 1.09 .200 1.08 . 200 1.09
.150 1.01 .150 .91 .150 .97
. 100 .93 .100 .78 .100 .82
.075 .88 . 075 .73 .075 T4
. 050 72 .050 .56 . 050 .61
.025 .50 025 .61 025 .51
. 600 W.S. . 595 WS, . 570 Ww.S.
49 .- 1.240 W.S. . 550 1.65 . 550 1.84 . 530 1.95
1.180 3.02 - 400 1.50 . 400 1.76 . 400 1.91
1.130 3.07 .300 1.55 .300 1.62 .300 1.83
. 930 2,99 .200 1.49 .200 1.63 .200 1.79
- 730 2.89 .150 1.45 .150 1.52 .150 174
- 530 2.81 .100 1.38 .100 1.45 .100 1.56
.430 2.51 075 1.35 .075 1.87 .075 1.47
-330 1.84 . 050 1.12 . 050 1.24 - 050 1.26
.286 1.10 025 |90 025 1.57 .025 .63
. %gg g 620 w.s
N . . 625 W.S. . 630 W.S. . S,
g1 -8 . 600 1.58 . 600 1.69 . 590 1.79
-180 42 -500 1.53 ©500 1.65 - 500 L.78
.130 r.f. .400 1.41 . 400 1.63 - 400 172
- 030 r.f. -300 1.36 - 300 1.59 .300 1.69
.200 1.23 .200 1.47 . 200 1.57
88 - 795 w.s. -150 1.12 1150 1.36 .150 1.52
. 750 1.47 .100 1.08 .100 1.25 - 100 1.46
- 600 1.36 075 .97 075 1.19 .075 1.34




I 92 SEDIMENT TRANSPORT IN ALLUVIAL CHANNELS
TaBLE 20.— Velocity-profile data for 0.47-mm sand in 8-foot-wide flume—Continued
2.0 ft from left wall | 4.0ft from left wall | 6.0 ft from left wall 2.0 ft from left wall | 4.0 {t from left wall | 6.0 { from left wall
of flume of flume of flume of flume of flume of flume
Run Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand| (fps) |abovesand| (fps) |abovesand| (fps] abovesand| (fps) |abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (t)
89—Con. 0. 050 0.51 0. 050 1.08 0. 050 1.22 73—Con. 0. 200 0.37 0.060 1.59 0.075 2.27
.025 .42 .025 .50 .025 1.03 . 150 .35 . 040 .58 . 050 2.27
125 .38 .020 .50 . 025 1.48
93 s . 640 Ww.s. . 540 W.S. . 530 w.S. .100 .4
. 600 1.80 . 500 1.95 . 500 2.07 .075 .41
. 500 1.81 . 400 1.93 . 350 2.00 . 050 PR 3 I RN PRSI SO PSP
.400 1.79 . 300 1.86 .250 1.86 . 025 41 -
.300 1.74 .200 1.82 . 150 1.78
. 200 1.67 .150 1.76 . 100 1.67 [ S . 695 Ww.S. .635 W.S. .570 w.S.
.150 1. 62 .100 1.72 .075 1.43 640 2.40 . 600 1.98 . 520 2.23
.100 1.64 .075 1.68 . 050 .99 . 570 2. 56 .450 1.97 . 400 2.20
.075 1.57 . 050 1.60 .025 .88 .470 2.57 .350 1.74 . 300 2.15
. 050 1.48 .025 1.46 .370 2.55 . 250 1.68 . 250 2.08
. 025 1.40 | . .320 2.50 .200 1.66 . 200 1.97
.270 2.29 .150 1.58 . 150 1.93
92 s . 755 W.S, . 740 w.S. .220 .37 . 100 139 .100 1.97
.'700 1.84 . 700 1.79 .170 .35 . 080 .66 . 080 2.00
. 550 1.81 . 500 1.74 .130 .35 . 060 .57 . 060 1.93
. 450 1.68 . 400 1.63 .100 .35 .040 .57 .040 1.80
. 350 1.31 . 300 1.46 . 080 .33 .020 .62 . 020 1.66
. 260 1.08 . 200 1.32 . 060 .31 ——- --
. 200 1.06 .150 1.27 . 040 .30
.150 1.08 .100 1.23 . 020 .28
.100 1.10 .075 1.12
.075 .96 . 050 .97 (T . 625 W.S. .625 W.S. . 600 W.S.
. 050 .90 .025 .88 .580 2.29 .580 2.33 . 650 2.44
.025 15 PR IR . 460 2.43 . 460 2.36 .530 2.39
. 360 2,46 . 360 . 33 .430 2,29
£ D, . 605 w.S. . 530 W.S. . 660 W.S, . 260 2.53 . 260 2.30 .330 2.30
. 560 1.84 . 490 1. 50 . 620 1.93 .210 2,34 . 160 2.26 . 280 2.27
.450 1,78 . 350 1,53 .500 1.90 .160 2.10 .110 2.13 . 230 .61
. 350 1.64 . 250 1.51 .400 1.82 L1356 1.93 . 085 2,13 .180 .74
. 250 1.28 . 200 1.43 . 300 1.76 .110 1.62 . 060 2.05 .130 .65
.200 1.28 .150 1.35 .200 1.66 .085 .53 .040 1.94 .100 .85
.150 .97 . 100 1.19 . 150 1.62 . 060 .44 .020 1.90 .075 .55
. 100 .71 075 1.05 .100 1.55 . 040 .43 - - . 050 .67
075 .03 . 050 .98 075 1.45 . 020 .53 .025 .73
. 050 .82 025 .74 . 050 1.38
.025 P 20 PR P 025 L1 || 78] 655 w.S. . 640 W.S. .630 WS,
.590 2.16 . 590 1.84 . 600 2.26
- . 765 W.S. . 795 W.S. . 620 W.S. .500 2.24 . 550 1.76 500 2.23
. 740 2.03 . 750 2.12 . 560 2.3 .400 2.23 .450 1.70 . 400 2.20
.600 1.84 . 550 2.13 . 450 2.44 .300 2.31 . 350 ; 1.66 .300 .91
. 500 172 . 400 2.13 . 350 2.44 . 260 2.30 . 260 . 1.86 . 250 1.62
. 400 1.64 . 300 1.91 . 250 2.36 225 2.21 .200 2.02 .200 .84
. 350 1.68 . 200 1.80 . 200 2,41 .200 1.66 . 150 1,98 .150 .74
. 300 1.53 . 150 1.74 . 150 2.16 .175 .43 . 100 1.76 . 125 1.07
. 250 .81 . 100 1.82 .100 .99 . 150 .43 075 .69 .100 .51
. 200 .00 .075 1.78 .075 .33 .125 .43 .050 AT 075 .52
.150 .00 .050 1.46 . 080 .48 .100 .41 . 025 .61 . 050 .58
.100 .00 025 .59 . 025 30 . 080 .41 026 .63
.075 .39 oo - . 060 .+ N DSV DRURUPRERIN PRI
. 050 .61 . 040 .44
. 025 D 2 RN DS PR A, .020 11 S A M,
W.S. 417 W.S. . 550 WS, || 53 . . 600 W.S. .464 w.S.
2.62 . 357 2.12 . 520 2.11 .570 2.33 .434 2.31
2,63 . 307 2,05 . 470 2,13 .490 2.39 . 364 1.95
2,53 . 267 197 .420 2,10 .390 2.36 .34 1.756
2. 61 .207 2.22 .370 2,23 .290 1.97 . 264 1.63
2.39 157 2.22 . 320 2,08 .240 1.71 .214 1.67
2.23 .107 2.25 .270 2.10 .190 1.78 .164 1.64
.88 . 082 197 .220 2,13 . 140 171 114 1.76
.69 . 057 1.54 .170 2.10 .100 1.64 . 089 1.71
.042 .76 .120 2.23 .075 .83 . 064 1.63
_________ . 027 .69 . 005 2.08 . 050 .35 .039 1.53
. Q70 1.81 . 025 0 .014 1.21
—— - . 045 1.65
............... . 020 ) U3 B | I & S . 690 Ww.S. .895 Ww.S.
.620 2.36 .855 2,13
B2 iaeee . 897 Ww.S. . 560 W.S. . 507 W.S. .450 2.36 . 825 2.10
. 847 2.08 . 500 2.08 . 490 2.17 . 350 2.27 725 2.07
. 697 177 .350 2.09 . 460 2,13 . 250 2.21 .625 1.97
. 597 1.64 .250 2.13 .410 2.23 .200 2.07 . 525 1.97
. 497 1.19 .200 2.02 . 360 2,12 . 150 1.90 .425 1.78
. 397 .59 .150 1.98 .310 2,12 125 1,64 .325 1.64
. 347 .86 .100 1.85 . 260 2.1 .100 1.51 .275 1.57
. 297 .84 .075 1.61 .210 2,07 .080 .52 .225 1.25
L2712 72 . 050 1.30 .160 2.04 . 060 .43 175 .54
.47 .79 . 0256 .80 .110 1.97 . 040 .42 135 .54
.222 .90 . 060 1.95 .020 .43 .100 .50
.197 . 1.96 I e .075 .50
.147 .015 1.93 . 050 .51
.097 .025 .54
. % 545 s
. [ .350 W.S. .525 W.S. . Ww.S.
315 2.39 .495 2. 56 .500 2.44
. S .802 w.S, .482 w.s. .402 W.S. . 250 2.38 .400 2.55 .400 2.34
. 750 2.23 . 430 2.23 . 3560 2.48 .200 2.37 . 300 2.40 .300 2.37
. 650 2.26 . 400 2.57 . 300 2. 50 . 150 2.36 .200 1.55 .200 2.4
. 550 2.16 .300 2.41 . 250 2.47 .100 2.33 . 150 .96 .150 2.36
.450 2.08 . 200 2.33 . 200 2. 59 075 2.27 .100 .50 .100 2.24
. 350 1.93 .150 2.29 . 150 2. 56 . 050 2.00 .075 .57 075 2.15
.300 1.51 . 100 2.20 .125 2.51 .025 1.28 . 050 .79 . 060 1.78
.250 .37 . 080 1.90 .100 250 || 000 | .025 .84 .025 1.16




SUMMARY OF ALLUVIAL CHANNEL DATA FROM FLUME EXPERIMENTS, 1956—61 193

TaBLE 20.— Velocity-profile data for 0.47-mm sand in 8-foot-wide flume—Continued

2.0 ft from left wall | 4.0 ft from left wall | 6.0 ft from left wall 2.0 ft from left wall | 4.0 ft from left wall | 6.0 ft from left wall
of flume of flume of flume of flume of flume of flume
Run Run
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Velocity
abovesand| (fps) |abovesand| (fps) |abovesand| (fps) abovesand| (fps) |abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
94 .. 0.745 w.S. 0, 755 w.S. 0. 840 w.s. || 57—Con.  [-.._. ———- - --- 0.025 0.30
.680 2.59 . 700 2.13 .800 2.02
. 550 2.57 . 550 2.21 . 700 1.98 || 58 0.720 w.s. 0. 960 w.s. . 900 w.
.400 2.56 . 400 2.15 .550 2.02 . 680 2.74 . 920 2.87 . 860 2.76
. 300 2.52 .300 2.04 . 400 2.13 . 560 2.82 . 700 2.63 . 730 2.67
.200 2.37 .200 2,04 .300 2.20 . 450 2.78 .500 2.51 . 630 2.67
. 150 2.07 .150 1.90 .200 2.04 .350 2,89 . 400 2.33 .430 2.60
. 100 .87 .100 1.68 .150 2.11 . 250 2.65 .300 2.48 .330 2,29
.075 .80 .075 .81 .100 1.98 .200 2.73 . 250 2.37 .230 2.26
.050 .80 .050 .63 075 1.86 .150 2.73 . 200 2.07 .180 2.21
.025 .99 .25 .69 . 050 1.78 .100 2,66 .150 2.10 . 156 1.93
____________________________________________ .025 .79 .075 2,57 .125 1.98 .130 .88
. 050 2.24 .100 1.91 . 105 .45
- S 1.095 W.S. .845 Ww.S. . 965 W.S. . 025 2.20 .075 2,04 . 080 .80
1.015 1.00 . 800 2,43 .900 P %) | N PR I . 050 2.04 . 055 .41
. 845 .99 . 650 2,43 . 800 2.80 . 025 1,84 . 030 .87
.645 .92 . 500 2.45 .650 2.77
. 545 .90 . 400 2,45 . 500 2.65 || 96 cooooo_. . 680 W.S. .630 Ww.S. 1.130 w.s.
445 2.53 .300 2.48 . 400 2.46 . 630 2,96 . 580 2,66 1.080 2,97
.395 2,02 .200 2,48 . 300 2,27 . 550 2.98 . 400 2.65 . 900 2.87
.345 .49 .150 2,33 . 250 1.25 . 400 2.89 .300 2.59 . 700 2. 64
. 295 .43 .100 2.23 . 200 .92 .300 2,92 .200 2.19 .5650 2.34
.270 .45 .075 2.26 .150 .72 . 200 2.87 .150 1.90 . 400 2.13
. 245 .50 . 050 2.04 .100 .46 .150 2.80 .100 1.86 .300 2,02
.220 .66 .025 .96 .075 41 .100 2.80 075 1.72 .200 1.78
170 29 e | . 050 79 075 2.54 . 050 1.74 .150 1.44
.130 I 21 (N 025 .66 . 050 2,11 . 025 146 . 100 1.16
.100 .54 - . 026 190 |-ocemmmmmee e . 075 1.10
075 .74 S O DO | R PR, - . 050 .99
. 050 .58 |- - SO o | Y P . 025 .96
025 .58 N (RO N
b T .870 w.S. .626 W.S, .610 W.S.
i .873 W.S. .815 W.S. .888 W.S. . 800 2.61 . 530 2.9 . 560 2.29
.833 3.01 . 755 2.53 .825 2.88 . 650 2.61 - 500 2.92 . 400 2.33
733 3.01 .655 2.42 175 2,80 .500 2.65 .400 2.84 .300 2.26
.533 2.93 . 555 2. 47 725 2,87 . 400 2.65 . 300 2.76 .200 2.20
.433 2.61 . 455 2.59 .675 2,78 . 300 2.56 . 200 2.81 .150 2.60
.333 2.51 .365 2,43 . 576 2.86 .250 2.30 150 2.78 .100 2.67
.283 1.37 255 2.07 . 475 2,76 .200 1.51 .100 2.59 075 2.67
.233 1.00 .205 1.60 .375 2.71 175 119 .075 2.20 .050 2.60
.183 171 .155 1,46 275 2,57 .150 1.19 . 050 .92 .025 1.22
.133 1.23 .105 .65 225 2.27 125 125 .025 3 R
.083 1.56 . 080 .65 175 1.90 .100 Lo7
.058 .61 .055 .80 .125 1.23 075 1.04
.033 .68 .030 1.08 075 1.23 . 050 119
.018 96 [commee e .050 196 .025 119
---------- -025 L | 810 e 586 vE -840 v
.490 3 . 1 . .
Boccemmences 801w M0l ws | LOS| we Mo | Lot 415|408 60| 299
70| 2:46 600 [ 2076 1900 271 340 | 3.3 315 | a8 -450 2.9
" 600 246 *550 2o * 800 o7 .290 3.81 .265 4.01 .350 3.20
*500 2.2 1500 302 *700 57 .240 3.68 .216 3.77 . 300 3.30
" 400 200 " 400 3,02 " 500 in .190 3.85 .165 3.68 .250 3.63
*300 144 *300 5o ' 400 578 .150 3.77 116 3.20 .200 3.50
“250 148 1200 589 '300 585 125 3.50 . 000 2.07 .150 2.88
. . : . . - .100 3.35 . 065 2.64 .125 2.99
. 200 1.48 .150 2.60 . 200 2.64 076 3.10 040 2. 64 100 2.04
.150 1.44 .100 2.41 .150 2.01 . . : . : .
125 125 050 302 100 30 . 050 2.51 .016 1.22 .076 2,88
-100 92 1025 184 1075 4 -025 0.00 fomooomee | 00 'gé
075 .41 . 050 -7 3 | R ekl el ittt it : N
. 050 .57 T | I, .635 W.S5. .605 w.S. . 590 W.8.
.025 0% (- 1) O I R I . 605 5.69 . 566 5.42 560 5.42
. 505 5.69 . 465 5.24 . 460 5.24
-1 R, 1. 054 W.S. . 585 Ww.S. 1. 060 w.s. . 405 6.47 . 366 5.24 . 360 4.93
1.024 2,64 .535 2.50 1.030 3.28 . 305 4.99 .265 4.87 .260 4.74
.874 2.52 .485 2.67 .830 3.26 .255 4.60 .216 4.67 .210 4,32
124 2.41 .385 2.66 .630 3.20 .205 4.53 .165 4.53 . 160 4.31
574 2.46 .285 2.50 .530 3.13 . 165 4,01 .135 4.31 .110 3.93
474 2.13 . 235 2.42 .430 2.75 .108 3.50 .105 4.17 .085 3.59
374 1.91 .185 2,32 .380 2.50 .080 2.99 .080 3.77 .060 3.10
3% 1.66 135 2.32 .330 1.23 .080 2.87 056 1.90 .040 2.76
214 1.48 .100 2.30 .280 1.28 .040 .88 .085 .88 .020 1.48
'f% iig ggg 2.3; % 1.28 . 020 .88 . 016 [ - 2 [ROUUSOSR RS
. . . L5 . 1,36
| L7 25| L3 1130 Loz | B-eee- 80| ws. 8501 ws -0 we
009 101 105 1o7 . 560 6.58 . 540 5.42 . 560 X
. ) O PO . . . 460 5.51 .460 5.33 .460 5.21
.074 2.02 |- .080 1.42
. 360 6.30 . 360 5.12 . 360 4.03
A 308 |- 00 L4 1260 499 1260 493 1260 460
o) I ey g oot I | OLs| m k| 8| is
.1 . . X . X
B -1 £ s 1250 re 0| 43 ‘0| 439 “110 417
: : . g . . .085 4.09 .086 4.39 .085 3.35
.625 2,57 . 680 2.34 . 960 2, 60 060 3.54 060 4.24 060 3.50
1 -480 2.37 - 760 2.29 00| 360 1040 3.80 S040 2.09
% B 2% -5 218 ‘20| 320 020 | 340 .020 1.9
175 1.62 . 280 2.33 . 360 2.00 | Tlocoeooeeas .340 W.S. .286 W.S8. .346 WS,
.125 191 . 230 1.93 310 .69 .310 4.46 .230 4.31 .310 4.31
.100 2.61 .180 .50 . 260 .45 . 280 4.31 .190 4.31 .280 4.21
076 .84 .130 .50 .210 .45 .230 4.31 .160 4,17 .230 4.17
. 050 .88 .105 .63 .160 .41 .180 4.09 .130 4.01 .180 3.80
.025 .84 . 080 .63 .120 41 .140 3.93 .100 4.17 . 140 3.68
. 055 .72 . 090 .41 100 3.50 .080 3.77 .100 3.20
. 030 .96 . 060 .45 .080 3.10 . 060 3.63 .080 2.88
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TaBLe 20.— Velocity-profile data for 0.47-mm sand in 8-foot-wide flume—Continued

2.0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall 2,0 ft from left wall 4.0 ft from left wall 6.0 ft from left wall
of lume of flume of lume of flume of flume of flume
Run . N Run N . .
Distance | Velocity | Distance | Velocity | Distance | Velocity Distance | Velocity | Distance | Velocity | Distance | Veloeity
abovesand| (fps) |abovesand| (fps) |abovesand | (fps) abovesand| (fps) |abovesand| (fps) |abovesand| (fps)
bed (ft) bed (ft) bed (ft) bed (ft) bed (ft) bed (ft)
71—Con 0. 060 1.9 0.040 3.50 0. 060 2.64 81—Con. 0. 035 3.77 0. 060 4.60 0. 060 4,31
. 040 .63 .020 3.20 .040 1.90 .015 0 . 035 4,67 . 035 3.10
.020 .63 .020 2.99 .020 .00 .015 3.7 .015 .63
T2 . .310 W.S. .320 w.s. . 360 w.s. || 62-- oo . 535 W.S. . 540 W.S. .530 W.S.
.270 4.39 .275 4.31 .330 4.17 . 505 6.45 . 500 6.01 .490 6.11
.220 4,24 .225 4,17 . 300 4,17 .435 6.26 .440 6.31 .430 6.01
.170 4.17 .175 4.01 . 250 3.93 . 335 6. 06 . 340 6.01 . 330 5.78
.130 3.96 .125 3.85 . 200 3.81 .235 5.80 .240 5.53 .230 5.64
.100 3.93 .100 3.85 . 160 3.68 .185 5,58 . 190 5.36 .180 5.36
. 080 3.63 . 080 3.68 . 130 3.50 . 150 5.91 .140 4.87 . 130 5.12
. 060 3.30 . 060 3.50 .100 3.20 .125 5.53 . 105 4,67 .105 4,87
. 040 2.23 . 040 3.20 . 080 2.99 .100 4.99 . 080 4.09 . 080 4,87
.020 1.48 . 020 1.70 . 060 2,64 .075 4.67 . 060 3.77 . 060 4,31
- - - - . 040 .00 . 055 4,39 . 040 1.70 . 040 3.93
.......................... .020 .00 . 035 4.17 .020 1.22 . 020 1.36
(I .305 WS, .260 W.s. .275 w.s. -015 B B R S EOReEER
.290 4.46 .240 4.53 . 240 4.39 [ .465 w.S. . 486 W.S. .515 W.S.
.40 4,39 .200 4,46 . 200 4,31 1430 6.41 445 6.21 .480 6.16
. 200 4,39 .160 4.31 .160 4.09 .380 6.11 . 345 6.11 .430 6.01
.160 4,39 .130 4.09 .130 4.01 .330 6.06 .205 5.91 . 330 5.59
.130 4.17 . 100 4,01 .100 3.93 .280 5.85 .245 5.80 .280 5.47
.100 4.09 .080 3.7 . 080 3.77 .230 5.53 .195 5.59 .230 5.36
. 080 3.77 . 060 3.68 . 060 3.68 .180 5.42 .145 5.47 .180 5.12
. 060 3.68 . 040 3.20 . 040 3.50 .130 4.87 . 095 4.99 .130 4.81
. 040 3.40 . 020 2,51 . 020 3.30 .105 4.60 .070 4.09 .100 4,67
. 020 b2 (T (RN [P .080 3.77 . 045 4.24 075 4.09
I— 0| ws| 40| ws 0 am| e8| @ | 0| a0
. 350 4,80 . 400 4.93 ‘020 18- 2 N I .
. 300 4.53 . 350 4.31 * DR bl ittt
250 4.31 . 300 4,93 4 . .520 W.S. . 565 W.S.
. 200 4,67 . 250 3.77 .480 6, 50 475 6.31
.150 4.53 .210 5.24 . 400 6.36 .400 6.01
.100 3.68 .180 4,24 . 300 6.21 . 300 5.96
. 080 3.85 .150 3.68 .250 6.06 . 250 6.01
. 060 2.64 120 3.59 .200 5.53 .200 5.58
. 040 -.00 .100 1.90 .150 5.06 . 150 5.58
. 020 1.48 . 080 2.23 .100 4,24 . 100 4.99
. 060 0 075 4.24 .075 4.74
. 040 0 . 050 .88 . 050 4,53
. . 020 0 .025 1.07 . 025 .63
i S, .320 W.S. .255 L T | I Rttt il hetdristelid Retehtbitliitel Rkttt
.270 4,87 . 205 5.96 w.s.
.220 4.31 .155 4.60 5.90
.170 4.60 . 105 4,60 5.85
.120 3.68 . 095 4.74 5.65
. 090 4,01 .075 4,60 5,65
. 060 3.20 . 055 4,39 4.91
. 040 4.60 . 035 4.09 4.50 3
. 020 .88 0150 B340 (e[ 4,40 .
[ FE .325 w.S. .365 w.S. ? ig 65
. 305 5.12 . 306 5.42 N 65 -
.255 4.67 .255 4,81 .305 5.06 : -
. 205 5.30 .205 4.31 . 255 4,87 W.S. . 500 W.S.
.155 3.68 .156 4.09 .205 4,67 6. 64 .480 6.31
.105 3.93 .105 3.85 .156 4,24 6.36 .430 6.31
,075 3.40 .075 4.60 .105 3.59 6.26 . 380 6.16
. 055 3.10 . 055 3.30 075 4,46 6.31 .330 6,06
. 035 2.76 . 0356 .88 . 055 1.22 6.11 . 280 6. 01
.015 0 . 015 .63 .035 .63 5.85 .230 5.80
............ - .015 .63 g Gg . lgg g %
[ S—— 830w, 5w, 405 w.s. -1 1 :
00| 4.8 95| 49 -350 5.47 5% 30 i
.270 5.06 . 245 474 . 300 4,46 4‘09 .060 3'59
. 240 4,57 L1956 4,39 .250 4,99 " 69 h 040 3' 77
.200 4,24 .145 3.40 .200 5.64 : 020 1.48
.160 4.60 .120 4,17 .150 4004 000 [mmmmmmmmemm|momroomoo|mmomoomomoofmomomooees * *
.130 4,24 . 095 4.24 .125 4.24 {| 100 .._____ .470 W.S. . 515 w.S. .515 W.S.
.100 4,81 .070 3.68 .100 3.68 . 430 7.38 .450 7.05 . 450 6. 6!
. 080 4,24 .45 1.90 .075 1L70 .300 6. 61 . 300 6.65 . 300 6.46
. 060 3.93 . 020 2.07 . 050 0. 00 . 200 6.31 .200 6.26 200 6.01
.040 2.07 .025 0.00 .150 6.06 .150 6.06 .150 5.47
80 oo ;e ws g ws 3% v 050 | 431 %0 | 3w 080 3.85
"900 440 1350 5.10 ‘%75 5. 50 . 025 2.76 .025 1.49 .025 3.7
.150 4.50 . 300 4.90 .225 5.10 L T .400 Ww.S. .520 Ww.S. .480 W.S.
.125 4,50 .250 4.50 .175 5.80 . 300 7.43 . 500 7.05 . 350 7.00
.100 3.70 .200 5.38 .125 5.20 .200 7.05 . 400 7.17 . 250 5.901
.075 4,30 .150 4,70 .100 3.85 .150 7.35 .300 6. 65 .150 5. 86
. 050 4,00 .100 4.25 .075 3.00 .100 5.53 .200 4.60 .100 5.85
.025 3.82 .075 .85 . 050 .64 . 050 4.24 . 150 5.18 . 050 1.23
...................... . 050 .85 - SRR P .100 [ %5 [ (RPN .
...................... . 025 3.65 JERSUSRRURIUN FUIR . 050 | ¢ R DU P,
-3 - . 500 W.S. . 505 W.S. . 545 WS || 97e e . 302 w.S8. . 250 W.S. .31 W.S.
.485 6.45 .420 6.38 . 515 6.36 .287 5.18 . 232 5.58 .251 5.36
.385 6.31 . 360 6.31 .435 6.16 .237 5.06 .182 5.30 .201 5.24
.285 6.21 . 260 6.01 . 335 5.91 .187 4,67 132 5.12 .151 5. 06
.185 5,42 .210 5.96 .235 5,53 .137 5.47 082 . 60 .101 4.74
.135 5.06 .160 5,64 .185 5.47 . 087 5.91 .052 2.99 .076 4,01
.085 4,53 .10 5. 47 .135 4,93 .057 4,74 022 2,07 .051 3.93
. 060 4.09 085 5.18 .085 4.39 L0017 3080 | rmeme e .020 2.37
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TABLE 21.—Velocity-profile data for 0.54-mm sand in 2-foot-wide flume
[w.s.=water surface. Measurement taken 1.0 ft from left wall of flume]

Distance | Velocity Distance | Velocity Distance | Velocity Distance | Velocity
Run above sand (fps) Run above sand (fps) Run above sand (fps) Run above sand (fps)
bed (ft) bed (ft) bed (ft) bed (ft)

.............. 0.605 w.s. || 6 Con. 0.010 1.36 || 8B Con. 0.0756 3.20 ||| 10 Con. 0.025 1.36
. 565 1.22 . 050 2.99

. 500 1.16 [ 774 w.8. .025 .88 6 . L7148 w.S.

. 400 1.14 .45 2.36 . 680 6.41

. 300 1.06 . 500 2.42 || 8C ... 832 W.S. . 600 6. 50

. 200 1.02 . 400 2.40 780 3.20 . 500 6.46

. 150 .96 .300 2.38 700 3.20 . 400 6.41

. 100 .94 .200 2.24 600 3. 50 . 300 6.21

.076 .90 . 150 2.12 500 3.50 .200 5.91

. 050 .81 . 100 2.13 400 3.40 .150 5,42

.025 .74 L0756 2.11 300 3.20 . 100 4,93

. 010 .63 . 050 1.82 200 3.30 075 4.09

025 1.28 150 3.20 . 050 3.30

.............. . 600 w.S. .010 1.19 100 3.20 025 2.07
. 565 1.26 0756 2.51

. 500 1,22 1] 200 e . 700 W.S. 050 1.22 8B .154 w.S.

. 400 1,22 . 682 4,67 025 .88 .670 6.06

. 300 1.18 . 600 5.36 . 600 6.06

.200 1,13 . 500 5.30 | Toceeomoemean 658 w.8, . 500 6.11

.150 1.11 . 400 5.12 510 3.05 . 400 6.11

. 100 1,07 . 300 4,60 400 3.04 . 300 6.06

075 1.01 .200 3.85 300 2.96 .200 5.75

. 050 .99 . 150 3.30 200 2.81 .150 5,58

.025 .88 .100 2.88 150 2.76 . 100 4,99

. 010 .75 .075 1.48 .100 2.75 .075 4.46

. 050 1,22 .075 2.76 . 050 4,01

.............. . 610 Ww.S. 025 1.22 . 050 2.75 .025 3.20
. 581 1.46 025 2.56

575 160 | 8ocreomeicaaan .808 W.8. 010 2.02 |} 18 oo 707 L ZX

. 500 1.31 . 770 2,99 . 872 6.26

. 400 1.26 .700 3.40 || 19-ccmoon 643 Ww.S. . 600 6.31

. 300 1.25 . 600 3.59 605 3.59 . 500 6.36

L2 1.13 . 500 3.77 570 3.97 . 400 6.36

. 150 1.07 . 400 3.68 4,00 . 300 6.21

.100 1.02 . 300 3.40 400 4,05 .200 5.30

.075 .99 .200 3.10 300 4.41 . 150 5. 41

. 050 .90 . 150 2.64 200 3.47 .100 4,74

.025 .77 . 100 .88 150 3.40 075 3.85

.010 .60 .075 .88 100 3.23 . 050 2.07

. 050 1.48 076 2.99 .025 1.22
[ T, .548 w.S. . 025 2.64 050 2.82

. 530 1.85 025 2.64 | 13 .. . 664 w.S.

. 520 1.78 8A_ . ... .796 w.S. 010 2.12 . 6368 7.67

. 500 1.78 . 760 3.40 . 600 7.63

. 400 .77 700 3.10 || 9---mmeeeeeee 630 Ww.S. . 500 7.50

. 300 173 . 600 3.30 610 3.30 . 400 7.20

. 200 1.65 . 500 3.50 500 3.40 . 300 7.01

.150 1.57 . 400 3.68 400 3.30 .200 6.16

.100 1.4 . 300 3.10 . 300 3.30 . 150 5. 52

075 1.46 .200 2.99 .200 3.54 .100 3.48

. 050 1,41 . 150 2.76 . 150 3.40 075 2.60

. 025 129 . 100 2.07 . 100 3.256 . 050 1.51

. 010 1,18 076 2.37 .075 3.10 .025 1,53
. 060 2.23 . 050 2.82

[ S, . 622 W.S. .025 .88 L0256 2.37 18 152 Ww.S.

. 600 2,07 .670 6.16

. 560 2.18 || 8Bacicccoaa .833 ws. || 10 L. .638 w.S. . 600 6.16

. 500 2.28 .785 2.51 . 600 5.80 . 500 6.16

. 400 2.30 .700 2.76 . 500 5.96 . 400 6.11

. 300 2.69 . 600 2.76 .400 5.91 . 300 5.85

.200 2.681 . 500 3.10 . 300 6.75 .200 5,36

. 150 2.99 . 400 3.20 .200 5,36 . 150 5.12

.100 3.20 . 300 3.10 . 150 5.18 .100 4,39

.075 2.77 .200 2.76 .100 4.53 075 3.59

. 050 2.04 . 150 2.76 .026 3.96 . 050 4.66

.025 1,56 . 100 3.20 . 050 2.15 .025 4.60
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