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Definition

Area of flow cross section, in (feet)z.
Effective band width.
Chézy discharge coefficient, l—// Ux.
Concentration of suspended sediment, in milligrams per liter.
Concentration of total bed material, in milligrams per liter.
Total depth of flow in a vertical, in feet.
Average depth of flow, in feet.
Particle size for which 16 percent of the sediment, by weight, is finer, in millimeters.
Median particle size of suspended sediment, in millimeters.
Median particle size of the bed material, in millimeters.
Particle size for which 84 percent of the sediment, by weight, is finer, in millimeters.
Mean voltage, in volts.
Root mean square of the voltage output, in volts.
Resistance coefficient.
Cutoff frequency, in (seconds)-!
Normalized energy spectrum function, in seconds.
Froude number, V/VgD.
Acceleration of gravity, in feet per second per second.
Macroscale of turbulence, in feet.
Frequency, in (seconds)~1,
Discharge of water-sediment mixture, Q=A4V, in cubic feet per second.
Hydraulie radius, in feet.
Autocorrelation function.
Reynolds number, VD/v.
Slope of the energy gradient.
Time, in seconds.
Delay time, in seconds.
Eulerian integral time scale, in seconds.
Temperature, in °C.
Velocity fluctuation in the x direction, in feet per second.
Local mean velocity, in feet per second.
Shear velocity, in feet per second.
Longitudinal turbulent intensity, in feet per second.
Velocity fluctuation in the y direction, in feet per second.
Vertical turbulent intensity, in feet per second.
Average velocity, Q/A, in feet per second.
Reynolds stress, in (feet)? per (second)2.
Lateral turbulent intensity, in feet per second.
Flume or channel width, in feet.
Depth above the bed, in feet.
Specific weight of water, in pounds per cubic foot.
Dynamic viscosity, in pounds-seconds per square foot.
Kinematic viscosity, in square feet per second.
Mass density of water, in slugs per cubic foot.
A measure of sediment particle size gradation, 1 £5-°+i'3).

2 dlﬂ d50
Shear stress force on bed, in pounds per square foot.
Fall velocity of dso, in feet per second.
Microscale of turbulence, in feet.
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Velocity of flow..................
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Velocity of bed configuration
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TURBULENCE IN WATER

SUMMARY OF TURBULENCE DATA FROM RIVERS, CONVEYANCE
CHANNELS, AND LABORATORY FLUMES

By R. S. McQuivEy

ABSTRACT

The primary purpose of this report is to summarize and
make available to other investigators some turbulence char-
acteristics of turbulent shear flows obtained by use of hot-film
anemometry. Related hydraulic and sediment data were also
collected and are included. Data were collected from the study
of flow in 20-centimeter-, 2-foot-, 4-foot-, and 8-foot-wide re-
circulating flumes, at the Colorado State University, over
rigid and alluvial boundaries. Alluvial boundary data were
also collected in the Atrisco feeder canal near Bernalillo,
N. Mex., the Rio Grande conveyance channel near Bernardo,
N. Mex., the Columbia River estuary near Astoria, Oreg., the
Missouri River near Omaha, Nebr., and the Mississippi River
near Vicksburg, Miss.

The data collected and reported include such variables and
parameters as the longitudinal and vertical components of
the turbulent intensity, the macroscale and microscale of tur-
bulence, the Eulerian integral time scale, the measured tur-
bulent shear stress, the local mean velocities, the slope, the
depth, the width, the discharge, the temperature, the sus-
pended-sediment concentration, and the total bed-material dis-
charge. Power spectra, some space-time, and space-correlation
relations were obtained but are not included in this report.
Also, not all the above characteristics were collected at each
location.

Some longitudinal turbulence intensities were obtained from
a standard Price current meter and a small propeller meter
at three of the field locations. These data are reported along
with the hot-film anemometer measurements.

INTRODUCTION

As a part of the research program of the U.S.
Geological Survey, several projects have been orga-
nized over the years to study the mechanics of water
and sediment movement in open-channel flow. An-
swers to problems on resistance to flow, sediment
transport, diffusion, dispersion, reaeration, and re-
lated problems were sought. Solutions to these prob-
lems are complicated by the multitude of variables
and parameters involved and by the complex inter-
dependence of those variables.

Turbulence is a major factor in each of the above-
mentioned problems. Certain general items might be
mentioned to indicate the effect of turbulence on var-
ious flow phenomenon. Sediment transport is con-

trolled largely by turbulence. Both the movement of
bed load and the carrying of material in suspension
are apparently the result of the action of turbulent
eddies in the flowing water. Even the bed forms and
the nature and magnitude of resistance to flow in
alluvial channels seem to be byproducts of the turbu-
lence mechanism. Another significant phenomenon is
that of turbulent mixing. This is simply the ability
of turbulence to transfer momentum, heat, and mass
from one region of the fluid to another. This depends
on how fast eddies move transversely to the stream
and their mean travel distance. The movement of
eddies is undoubtedly dependent on the turbulence
intensity, and their travel depends both on how many
are present and on their size.

Only recently has it become possible to measure
turbulence in water. The development of constant-
temperature anemometry has finally given the
experimenter a tool for studying the turbulence phe-
nomenon in water flows. Because of the complexities
of the flow and of the experimental equipment in-
volved, many inconsistencies are still present in the
reported measurements. Need exists for all types of
information on turbulence in water flow, not only to
verify existing data, but also to provide new infor-
mation on various flow conditions. The production
of turbulence and its growth, dissipation, and dis-
tribution in the flow are fundamental to a sound con-
cept of fluid motion involving friction, drag, and the
dispersion and diffusion of heat, mass, and momen-
tum.

The objectives of these experiments were to obtain
as much information on turbulence in water under
as many different flow conditions as possible. Spe-
cifically, the main objective was to be able to measure
turbulence in water under a variety of conditions,
using hot-film anemometers, and to obtain reasonable
and reliable results. Ultimately, the writer hopes to
relate the measured turbulence characteristics to
the problems of resistance to flow, sediment trans-

Bl
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port, reaeration, diffusion and dispersion, to verify
the equations of motion and energy for open-channel
flow, and to develop a scaling parameter for various
hydraulic systems. Several of these objectives will
be topics of other reports.

This report is a compilation of turbulence, hydrau-
lic, and sediment data. Data were collected from the
study of flow in 20-centimeter-, 2-foot-, 4-foot-, and
8-foot-wide recirculating flumes, at the Colorado
State University, over rigid and alluvial boundaries.
Alluvial boundary data were also collected in the
Atrisco feeder canal near Bernalillo, N. Mex., the
Rio Grande conveyance channel near Bernardo,
N. Mex., the Columbia River estuary near Astoria,
Oreg., the Missouri River near Omaha, Nebr., and
the Mississippi River near Vicksburg, Miss.

The data collected and reported include such vari-
ables and parameters as the longitudinal and vertical
components of the turbulent intensity, the macro-
scale and microscale of turbulence, the Eulerian in-
tegral time scale, the measured turbulent shear
stress, the velocity, the depth, the slope, the width,
the discharge, the temperature, the suspended-sedi-
ment concentrations, and the total bed-material dis-
charge. However, not all these data were collected
at each location.

Some longitudinal turbulence intensities were ob-
tained by using a standard Price current meter and
a small propeller meter in three of the above field
locations. A direct comparison of these intensities
with the turbulence intensities measured with the
hot-film anemometer is possible.

No detailed analyses, comparisons, or conclusions
are included in this report. The data contained are
a basis for a series of U.S. Geological Survey reports
on turbulence in water.

The writer expresses his gratitude to members of
the U.S. Geological Survey research staffs at Fort
Collins, Colo., Albuquerque, N. Mex., and Portland,
Oreg., and to the Corps of Engineers at Omaha,
Nebr., and Vicksburg, Miss., for their support of the
project with the proper logistics and for their aid
in the collection of data.

EQUIPMENT

The constant-temperature anemometer is the basic
instrument used to obtain the turbulence measure-
ments. However, to obtain the desired turbulence
characteristics, additional signal conditioning equip-
ment is required. The electronic equipment used in
obtaining the data in the flumes and in the field are
shown in figure 1. Figure 2 is a schematic diagram
of the equipment.

A variety of equipment was used to obtain the

FIGURE 1.— Electronic equipment used in obtaining data:
A, 8-foot-wide flume; B, Atrisco feeder canal.

hydraulic and sediment data location. A brief de-
scription of the data-collection equipment follows.

CONSTANT-TEMPERATURE ANEMOMETER

The anemometer used in this study is a commer-
cially available constant-temperature compensating
unit. When considering the use of an anemometer,
two basic considerations should be investigated-—the
signal to noise ratio and the frequency response. The
manufacturer reports that its unit has reasonably
undistorted frequency response from 0 to 20 kHz.
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STRIP-
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A to D
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FIGURE 2. — Schematic diagram of the equipment used in obtaining the turbulence data.

WEDGE HOT FILM

QUARTZ-COATED PLATINUM
FILM

A
CYLINDRICAL HOT FILM

—— GOLD-PLATED
STAINLESS-STEEL
SUPPORTS 4

GOLD PLATING DEFINES
SENSING LENGTH

QUARTZ—COATED PLATINUM-FILM SENSOR
ON GLASS ROD

B
PARABOLIC HOT FILM

QUARTZ-COATED
PLATINUM FILM
ON LEADING EDGE J

GOLD-FILM
ELECTRICAL LEADS

C
FIGURE 3. — Hot-film sensors used in these studies: 4, Wedge
sensor; B, cylindrical sensor; C, parabolic sensor.

END VIEW

The signal to noise ratio for the voltage output (sev-
eral hundred millivolts) and frequency range (0 to
100 Hz) in water flow is certainly no problem.
Therefore, no problems are associated with the ane-
mometer itself. To successfully use an anemometer
for making a specific fluid-mechanics measurement,
the selection of a sensor is, then, of primary impor-
tance.

For a detailed explanation and description of hot-
film anemometry, the selection and the limitations of
hot-film sensors, and the operational procedures,
refer to McQuivey (1973).

HOT-FILM SENSORS

The three types of commercially available sensors
used in these studies are shown in figure 3. The
wedge-shaped hot-film sensor was used only in the
20-centimeter-wide flume studies. The cylindrical-
shaped hot-film sensor was used in the 20-centi-
meter-, 2-foot-, ‘and 8-foot-wide flume studies where
foreign matter in the flow could be filtered or
screened out. The frequency-response characteristics
of the cylindrical sensor makes it the most desirable
sensor to use. However, its shape is not desirable
because of the tendency of foreign contaminants to
wrap around or to collect on it, and the sensor is
much too fragile for data collection in natural and
sediment-laden channels.

The parabolic-shaped hot-film sensor was used al-
most exclusively in the 4-foot- and 8-foot-wide flume
studies, as well as in all the field studies. Because
of its shape it remains fairly clean of foreign matter,
and it is fairly resistant to breakage. During collec-
tion of the data presented in this report, only three
parabolic sensors were broken. One was broken due
to careless handling, and two were snapped off the
sensor holders by large tree branches.

Damage to hot-film sensors caused by colliding
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sediment particles should be mentioned. The abra-
sion removes the quartz coating from the sensor after
about 15 hours of continuous operation. Once this
coating is removed and the platinum film is exposed,
the sensor must be replaced. The quartz coating was
worn off of three sensors during the data collection
over the alluvial boundaries.

SIGNAL-CONDITIONING EQUIPMENT

The anemometer system has incorporated with it
a certain amount of necessary signal-conditioning
equipment. The most common additional electronic
device is a voltmeter to measure the rms (root mean
square) average of the output voltage of the ane-
mometer. This output from the rms voltmeter and
the unconditioned output of the anemometer were
recorded on a dual-channel strip-chart recorder to
give both a visual record and an analog record. The
anemometer output and a reference signal from a
standard signal generator of known frequency and
amplitude were recorded on an FM (frequency mod-
ulated) magnetic tape recorder. The output of the
anemometer as recorded on the FM tape recorder
was monitored visually on an oscilloscope at all times.
This allowed the operator to know when a recording
was in progress and what was being recorded. This
analog record from the FM tape recorder was later
digitized, and a digital analysis was performed to ob-
tain the desired statistical turbulence characteristics.
For a more detailed description of the supporting
electronic equipment and the statistical turbulence
characteristics, refer to McQuivey (1973).

MEAN-VELOCITY MEASURING EQUIPMENT

Four different velocity measuring devices were
used to obtain the local mean velocity in these studies.
The local mean velocity in the 20-centimeter-, 2-foot-,
and 4-foot-wide flumes was measured with a cali-
brated lg-inch-diameter pitot tube, shown in figure
4 at the right, along with the hot-film sensor. The
differential pressure was measured by using a com-
mercially available pressure transducer and trans-
ducer indicator.

The local mean velocity taken in the 8-foot-wide
flume and the Atrisco feeder canal and some of the
velocity data in the Rio Grande conveyance channel
were obtained with a small modified propeller meter.
The propellers used were standard Ott minor pro-
pellers. The shaft had fastened to it a 30-toothed
gear which produces 30 pulses per revolution of the
shaft. The meter parts and propellers are shown in
figure 5. The 1-3 propeller was used in these studies.
A detailed description of the meter and the associated
electronics was reported by Bennett (1968). The

FIGURE 4. — Pitot tube and hot-film sensor arrangement used
in the 20-centimeter-wide flume study.

FIGURE 5. — Modified propeller meter used to obtain local
mean velocity and turbulence intensity during the 8-foot-
wide flume, Atrisco feeder canal, and Rio Grande convey-
ance channel studies.

meter was also used to measure longitudinal turbu-
lence intensities in the above-mentioned channels.

A comparison of the turbulence intensities ob-
tained with the meter and the hot-film anemometer
system is found in table 12.

In the Rio Grande conveyance channel, where the
bed forms were changing fairly fast, a stack of
standard Price current meters were used to obtain
simultaneous local mean velocities at five points in
a vertical profile. The velocities at each point were
obtained with five of the current meters mounted on
a single rod, as shown in figure 6. The impulses from
the current meters were recorded by means of a mul-
tiple digital counter. Tests in a towing tank showed
that the stacking of meters on a single rod did not
appreciably affect the current-meter ratings.
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FIGURE 6. — Stack of current meters and digital counter used
during the Rio Grande conveyance channel study.

During the study on the Columbia River estuary,
a large Ott propeller meter was used to obtain local
mean velocities (fig. 7). Obtaining local mean-veloc-
ity profiles in an estuary can be fairly complicated
and requires special equipment and data-reduction
procedures. Prych, Hubbell, and Glenn (1967) de-
scribed the instrumentation and the data-reduction
procedure used in measuring the local mean velocity,
direction of flow, and discharge.

The standard Price current meter was used to
obtain local mean velocities in the Missouri and Mis-

B5

FIGURE 7.— Large propeller meter used in obtaining local
mean velocity during the Columbia River study.

sissippi River studies. The arrangements of the
sounding weight, current meter, and hot-film sensor
are shown in figure 8.

The hot-film sensor is about 8 inches in front of
and about 8 inches above the sounding weight. The
sounding weight and current meter did not influence
the flow as it passed the hot-film sensor.

In conjunction with measuring local mean veloci-
ties in the Mississippi River with a current meter
(fig. 8B), the output of the current meter (one pulse
per revolution of the shaft) was recorded on an oscil-
lograph. This chart trace, or record, was later digi-
tized and the longitudinal turbulence intensities
calculated. A comparison of the turbulence intensi-
ties obtained with the current meter and the hot-film

anemometer system is given in table 12.
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FIGURE 8. — Current meter and hot-film sensor arrangement
for: A, Missouri River study; B, Mississippi River Study.

TURBULENCE IN WATER

SONIC DEPTH SOUNDERS

Two commercially available sonic depth sounders
were used extensively to determine the general bed
configuration in the longitudinal direction through-
out the distance studied in the 8-foot-wide flume and
in the field studies. One sounder was used in depths
of less than 6 feet, and the other in depths of more
than 6 feet. This record of the bed configuration
served a multitude of purposes. For example, the
average depth could be computed very easily from
the record. In the flume experiments the water sur-
face and the bed slopes could be determined from the
record. For most of the experiments the record was
digitized, and a statistical analysis of the bed con-
figuration was performed. The sounders were also
used to locate the crests and troughs of dunes so that
data could be collected in a consistent manner by
following the desired features.

BED- AND SUSPENDED-SEDIMENT SAMPLERS

Bed-sediment samples were taken with a hand-
operated core sampler where the channel depths
were less than about 5 feet. A standard US BM-54
was used in rivers deeper than 5 feet. A representa-
tive sample was obtained by taking many samples
throughout the flume or reach.

Point suspended-sediment samples were taken in
several different ways. Samples were obtained in the
8-foot-wide flume by using a siphon sampler. The
local mean velocity at a point was obtained from the
small propeller meter. The siphon head was then set
to siphon at the average local mean stream velocity.
Gallon samples of sediment and water mixture were
then collected.

A DH-48 hand sampler was used in the Atrisco
feeder canal and the first Rio Grande conveyance
channel studies. A pumping point-type suspended-
sediment sampler was tested on the last conveyance
channel study. This system is still undergoing modi-
fications and improvements, but basically it samples
at stream velocity. Its electronics are capable of fol-
lowing the low-frequency (less than one cycle per
second) changes in flow velocity. The sediment
samples obtained with this device were probably the
best collected, and the big advantage of this system
is that samples can be obtained within about 0.05
foot above the bed. Gallon samples of sediment and
water mixture were collected.

A pump-type sampler developed by the Omaha
District, Corps of Engineers, was used to collect sus-
pended-sediment samples on the Missouri River. The
local mean velocity was determined from a standard
Price current meter, and a variable-speed pump was
set to pump at the local mean stream velocity. The
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FIGURE 9. — Suspended-sediment sampler and equipment used
during the Missouri River study: A, Pump; B, sampler.
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basic sampler was a standard US P-46 with a suc-
tion line from the nozzle to the pump. Gallon samples
of sediment and water mixture were collected. The
pump and sampler are shown in figure 9.

A sampler developed by D. W. Hubbell’s group,
U.S. Geological Survey, was used to obtain sus-
pended-sediment samples on the Columbia River
estuary. The sampler is a vacuum system which lifts
the sediment and water mixture up into 6-gallon con-
tainers in a boat (fig. 10). A large Ott meter is used
to determine the local mean velocity at a point in the
flow and then the vacuum system is set to pump the
sample at mean stream velocity. The sampler was
originally a US P-50.

A standard US P-46 suspended-sediment sampler
was used to collect suspended-sediment samples dur-
ing the Mississippi River study. A crew on another

FIGURE 10. — Suspended-sediment sampler used during the
Columbia River study.
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boat moved to the same location to measure the tur-
bulence and local mean velocities. This crew collected
samples of sediment and water mixture in pint bot-
tles, which are much too small to get a representative
sample for such a large river.

OPERATING PROCEDURE AND DATA
REDUCTION

The hot-film sensors were first calibrated in the
20-centimeter-wide flume for mean flow velocities
from about 0.3 to 7.0 feet per second and at several
overheat ratios (from 1.10 to 1.06). This defined an
adequate voltage/velocity relation for each sensor
that accounted for the temperature range in the
flume and in the field and the voltage drift, due to
foreign contaminants that might collect on the
sensor. These calibration curves were then used
later in the data reduction process. (See McQuivey,
1973.)

The equipment was assembled at the study site.
This included the anemometer, supporting elec-
tronic equipment, and the equipment necessary to
collect the sediment data and the mean hydraulic
parameters.

An almost uniform procedure was used in
collecting the data. The first step was to measure
the local mean velocity in the flow at the desired
point. This was obtained by a pitot tube, current
meter, or propeller meter. The velocity was
averaged at least every 3 minutes at each measur-
ing point in the flow. The hot-film sensor was then
moved to the same location that the local mean
velocity was measured. The output voltage from
the hot-film anemometer was recorded on FM
magnetic tape for 3 minutes for the flume studies
and for 4 minutes for the river studies. The output
voltage from the anemometer and the rms volt-
meter were also recorded on an analog strip-chart
recorder. The signal that was recorded on the FM
magnetic tape recorder was also observed visually
on an oscilloscope. This informed the individual
taking the data what was being recorded.

Many times, while the local mean velocity and
turbulence data were being collected, other crews
were obtaining the sediment data and mean
hydraulic parameters.

The FM magnetic tapes were later digitized by
employing a multiplexer and an analog to digital
converter which was made available by the
National Bureau of Standards at Boulder, Colo.
The digital voltage output was stored on digital
magnetic tape in a format compatible with the
CDC-6400 computer system at Colorado State Uni-
versity. The mean and the root mean square of the
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fluctuations, the autocorrelation function, the
space-time correlations, and the power spectra
were obtained as computer printout.

A similar independent analysis of the data was
done by the General Electric Co. at the National
Aeronautics and Space Administration’s Missis-
sippi Test Facility for the U.S. Geological Survey.
The statistical evaluation system gave the values
of the mean, standard deviation, and the skewness
and flatness factor for each time series.

This program has the option to calculate and
plot the number of zero crossings; the probability
density and empirical density; the autocorrelation;
the cross correlation; the power spectral density;
the cross-spectral density; and the phase angle for
one or two time series.

The software documentation was described by
McQuivey (1973).

Previous work had indicated that virtually all
the power in the turbulence power spectrum is
contained in frequencies of less than 100 cycles
per second. This would dictate a digitizing
sampling interval of 0.005 second. By playing the
FM magnetic tapes into the digitizer at double the
recording speed and digitizing at 1,000 samples
per second, a real-time sample interval of 0.002
second was obtained. The programed analysis was
then set up to take only every fifthdigitized point,
or a sampling interval of 0.01 second. This gave a
cutoff frequency, f,, of 50 cycles per second, an
effective band width, B,., of 0.2 cycle per second,
and 20 degrees of freedom. Thus, at 90-percent
confidence level, the true power spectrum can be
between 0.62 and 1.42 times the computed value.
For more details refer to McQuivey (1973).

The intensity of turbulence was not obtained
directly from the digital computer analysis be-
cause one calibration curve could not be used due
to temperature variations and drift due to con-
tamination buildup on the sensor. The local mean
velocity at each measured point and the mean
voltage were used to plot the velocity-voltage
calibration. From this graph, an overheat ratio
was determined. Then going to a plot of dE/dU
versus velocity for various overheat ratios and
knowing the mean velocity and the overheat ratio,
a sensitivity, dE/dU, could be determined. Then
the relation

= dE_ =
2= 2

Ve dU\/u_ (1

could be used to determine the intensity of turbu-

lence, where Ve is the digitally obtained root
mean square of the voltage fluctuations, dE/dU
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is the sensitivity, and V2 is the root mean square
of the velocity fluctuations, where E is mean
voltage, and U is local mean velocity.

The yawed-film technique used to obtain the
turbulent shear stress, and the vertical intensity
of turbulence was employed only under the most
ideal laboratory conditions. A complete description
of this technique and its limitations was given by
MecQuivey (1973).

The turbulence characteristics obtained from
the data reduction are explained or defined in the
following section. The hydraulic and sediment
data collection and data-reduction procedures
are discussed in the section on description of
individual studies. The hydraulic and sediment
parameters are explained and defined in the
following section.

DESCRIPTION OF EXPERIMENTAL VARIABLES
AND PARAMETERS

The following kinds of data are reported in
tables 1-12 and are defined and described under
four general areas, as follows:

1. Basic hydraulic data
Water surface and energy slopes
Width of flumes and channels
Water discharge
Water temperature
Depth at a vertical
Average depth of a cross section
Relative depth
Mean velocity
Velocity profile

2. Turbulence characteristics
Longitudinal turbulence intensity
Vertical turbulence intensity
Relative turbulence intensity
Eulerian integral time scale
Macroscale of turbulence
Microscale of turbulence
Measured turbulent shear stress
Calculated turbulent shear stress
Relative turbulent shear stress
Energy spectra

3. Sediment data
Suspended-sediment concentration
Size and gradation of sediment
Fall velocity
Total bed-material discharge

4. Other parameters and observations
Shear velocity
Shear stress at the bed
Kinematic viscosity
Reynolds number
Froude number
Chézy discharge coefficient
Bed configuration

WATER SURFACE AND ENERGY SLOPES
The water-surface slopes for flow in the 20-centi-
meter-wide flume were determined from a series
of piezometer tubes. Piezometer taps were located
at 1-meter intervals along the centerline of the
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flume bed. These taps were connected to the
piezometer tubes with plastic tubing of equal
lengths. The water levels in the tubes were a
representation of the water-surface elevation
along the flume.

Water-surface slopes for the 2-foot-, 4-foot-, and
8-foot-wide flumes were measured with a point
gage and an engineer’s level at 5-foot intervals
along the centerline. The measured water-surface
elevations and the corresponding stations of the
flume for a working reach were used to compute
a least-squares line of the water-surface slope.
The mean water-surface slope of each run was
determined by averaging the corresponding slopes
of the least-squares lines. The least-squares line
for the energy-grade line was computed from the
values which were obtained by adding the local
velocity head, Q2/2g(WD)?, to the corresponding
water-surface elevations. The mean slope of the
energy-grade line, called the energy slope, of each
run was determined by averaging the correspond-
ing slopes of the least-squares lines.

Water-surface slopes in the field studies were
determined by observing the water-surface eleva-
tion by employing surveying methods. This pro-
cedure and the accuracy varied somewhat from
field study to field study, but the final results
are presumed to be within acceptable limits.

WIDTH OF FLUMES AND CHANNELS
The flume widths were known, and the field
channel widths were measured with a surveyor’s
chain in channels less than 100 feet wide. In the
larger river systems, the channel width was de-
termined by surveying methods, usually stadia.

WATER DISCHARGE

The water discharges in the flumes were deter-
mined in the return-flow lines of the recirculating
flumes 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.

Water discharge actually means the discharge
of the water and sediment mixture. A concentra-
tion of 50,000 milligrams per liter of sediment
means that about 5 percent of the water and
sediment mixture is sediment by weight, and
nearly 2 percent of the mixture is sediment by
volume.

The discharge during the Atrisco feeder canal
study was obtained by the wading-current-meter
method about every 2 hours. The discharge re-
mained constant during the data-collection period.

The Rio Grande conveyance channel discharge
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was measured upstream from the study reach at
the control structure. During both runs, the dis-
charge changed considerably. The discharge was
determined from the stage-discharge relation at
the control structure at the time of each run.

The discharge measurement during the Colum-
bia River estuary study was made using the
moving-boat method. This is described in detail
in the “Techniques of Water-Resources Investi-
gations of the United States Geological Survey,”
Book 3, Chapter All.

The discharge of the Missouri River was mea-
sured by the U.S. Geological Survey at the Omaha
bridge with a current meter.

The discharge of the Mississippi River was mea-
sured from a boat with current meters. Because of
the size of the river, many vertical sections were
required, and each discharge measurement re-

quired 1 day.
WATER TEMPERATURE

The water temperatures, in degrees centigrade,
were measured to the nearest one-tenth of a degree
with a mercury thermometer. The temperature
reported was based on an average of about 10
readings obtained during data collection. For
some of the river studies, there was a considerable
change in temperature during the data-collection
phase.

DEPTH AT A VERTICAL

The depth at a vertical was determined by mea-
suring it with a sounding weight and reel system
in the deep rivers, a wading rod in the shallow
channels, and a point gage in the flumes, while
obtaining the local mean velocities and turbulence
data. In the places where the bed forms were
moving, a sonic depth sounder was used to follow
the desired features, such as the crests and
troughs of dunes.

For flow over the rigid boundaries, the depth of
a vertical was determined by a volumetric
approach. The roughness elements were con-
sidered solids and the rest of the volume to the
tops of the roughness elements were considered
voids. The depth at a vertical was then taken as
the depth from the water surface to an imaginary
bottom elevation, as if the roughness elements
completely filled the bottom up to the imaginary
bottom.

AVERAGE DEPTH OF CROSS SECTION

The average depth in the flumes over the rigid
boundaries is the same as the total depth of a
vertical. For flow over sand beds in the flumes and
conveyance channels, the average depth of flow
was determined by observing the difference in
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elevation between the water surface and the sand
bed with a point gage or by using the sonic depth
sounder down the entire centerline of the channel.
As many intervals as desired could be averaged
to obtain an average depth. For flow in the rivers,
the average depth is the mean depth at a cross
section obtained by a sounding weight.
RELATIVE DEPTH

The relative depthis the depth above the channel
bottom divided by the total depth at the vertical
of interest.

CROSS-SECTIONAL AVERAGE VELOCITY

The mean velocity reported was determined from
the observed values of discharge (Q), average
depth (D), and the width (W) by use of the conti-
nuity equation,

v-2__9
A DxW

2

MEAN-VELOCITY PROFILE

The mean-velocity profile data were obtained
by a variety of instruments. In the 20-centimeter-,
2-foot-, and 4-foot-wide flumes a pitot tube, pres-
sure transducer, and transducer indicator were
used. Standard current meters and the propeller
meter were used for the other studies. The velocity
profiles were taken primarily to aid in the turbu-
lence-data reduction. In fact, in order to evaluate
the turbulence data, the local mean velocity had
to be measured at every point turbulence measure-
ments were made. Generally, the local mean
velocity was measured and then the hot-film
sensor was moved to that same location and the
turbulence data were taken. Some of the velocity
profiles changed very fast as the bed forms moved
downstream. For this reason, the stack of current
meters were used to get an entire velocity profile
at once. However, in most of the other velocity
profiles, the bed configuration was not moving
so fast, and an hour could be spent getting the
necessary velocity and turbulence data. Most of
the point velocities were averaged over 3 to 5
minutes.

LONGITUDINAL TURBULENCE INTENSITY

One of the best physical pictures of turbulence
is obtained by recording the longitudinal velocity
fluctuations at various points in the section of a
channel. The longitudinal intensity of turbulence
is defined as the standard deviation of the fluctu-
ations from the mean and is called the root-mean-
squared values of the fluctuating velocity in the
streamwise direction, which can be expressed as
follows:
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u=Vie. 3)

This component of turbulence is the easiest to
measure. The hot-film sensor is oriented so that it
senses the local mean velocity, U, and its fluctu-
ating component, \/;_;, to the first order. From a
vector diagram of the mean velocity and the three
fluctuating components, it is easy to see how V2
can be obtained and why the other two com-
ponents, (V2 Vi?), become only of second-order
importance. The fluctuating component VuZ was
also obtained in the 20-centimeter- and 2-foot-
wide flumes from a yawed-film technique. The
procedure has been explained in detail by
McQuivey (1973). The values of V2 obtained by
orienting the hot-film sensor in the standard way
and the yawed-film technique were within the
expected accuracy of =10 percent.

This longitudinal component of the turbulence
intensity is also obtained with the standard Price
current and propeller meters.

Note, too, that the turbulence measurements
given in this report are probably only accurate to
+10 percent of the expected values. This percent-
age of accuracy is not uncommon with all turbu-
lence measurements reported.

VERTICAL TURBULENCE INTENSITY
The vertical turbulence intensity is defined as
the standard deviation of the vertical fluctuations
from the mean and is called the root-mean-squared
value of the fluctuating velocity in the vertical
direction —that is,

v=V12, 4)

This component of the turbulence was determined
from the yawed-film technique. Measurements
were made only in the 20-centimeter- and 2-foot-
wide flumes where all the conditions were as ideal
as possible. This component of turbulence is very
difficult to measure in the field with present
equipment and techniques.

RELATIVE TURBULENCE INTENSITY
The intensity, root-mean-squared value, or
standard deviation of the velocity fluctuations is
usually expressed as a ratio or percentage of the
mean flow velocity or the local mean velocity, as
follows:

VE_ V&

14 U’

Another useful way to express the relative inten-
sity of turbulence is by nondimensionalizing the

intensity with the shear velocity (defined later)

(5)
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which can be expressed as:
@2 Vv
Ux Ue ’
EULERIAN INTEGRAL TIME SCALE

The Eulerian integral time scale is defined as
the area under the autocorrelation curve

J, R(tYdt' =T, (D

where R(t') is the autocorrelation funection defined
as

(6)

u(t) u(t+t) —R(t")

Vi Vié
where (¢) is time and (¢') is the delay time.
Physically, the output of the anemometer, u(), is
correlated with itself by delaying the time by an
amount ¢'. Therefore, an autocorrelation curve is
defined where R(t')=1 at time ¢'=0, and ¢ is in-
creased until R(+')=0. The area under this curve
is then the Eulerian integral time scale. This
scale provides an estimate of the average eddy
size associated with the flow.

In some instances where R(¢') did not reach zero,
the data points were plotted on a curve of the
log R(t') versus t'. Then a linear best-fit curve was
established through the data points, and the area
was obtained by integrating the equation of the
line. This was done particularly for the Mississippi
River data.

MACROSCALE OF TURBULENCE

To get an indication of a mean eddy size in the
direction of the flow, the macroscale of turbulence
was defined as

®)

L.=U [, R(t)dr', 9)
where U is the local mean velocity, and R(t') is the
autocorrelation function. This scale, or mean eddy
size definition, is a good approximation so long as

the velocity is uniform—that is, dx=U dt.

MICROSCALE. OF TURBULENCE
The microscale of turbulence is a measure of the
smallest eddies that are responsible for the
dissipation of energy. The microscale relation is
developed from the cosine transform of the auto-
correlation function, and is given by

2 o0
)—\1_=Z4l—jl)4 n?F(n)dn,
x 0

(10a)

where U is the local mean velocity, n is the fre-
quency, and F(n) is the normalized energy spec-
trum function and will be discussed later.
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The microscale may be calculated directly by
assuming a normal and independent distribution
for u from the following relation:

1 _m (Average number of zero
A U crossings of u per second

It is known that the distribution of u is closely a
Gaussian one, even in turbulent shear flows. For
the preliminary measurements of A, reported
presently, no corrections were applied for small
deviations from the normal distribution.

). (10b)

CALCULATED TURBULENT SHEAR STRESS
Turbulent shear flows are described by the
continuity equation, the Navier-Stokes equations
of motion, and the energy equation, with additional
terms in the velocity due to the turbulent fluctua-
tions. The special case of fully developed turbulent
open-channel flow, where the viscous and dynamic
processes have reached a statistically stable state
imposed by the rigid boundaries, was set up in the
20-centimeter-wide flume. Considering these
conditions and for flow of a two-dimensional
nature, the mean Navier-Stokes equation of
motion in the x direction becomes
—plIT:YDS(l—Y/D)—;L‘;—;j, 11
where p wv is the Reynolds turbulent shear force,
p is the water mass density, v is the specific weight
of water, and u is the dynamic viscosity. Knowing
the slope, §, depth, D, and the velocity profile, the
turbulent shear stress can be calculated.

MEASURED TURBULENT SHEAR STRESS
From the yawed-film technique the Reynolds
stress, uv, was determined. This allowed a direct
evaluation of the turbulent shear stress and does
allow a direct comparison between the measured
and calculated values. A detailed description of
this measurement was given by McQuivey (1973).

RELATIVE TURBULENT SHEAR STRESS

The Reynolds stresses are sometimes expressed
as a function or ratio of the local mean velocity,
mean velocity, or the shear velocity:

wv_ o wv Uy

@y " e U

ENERGY SPECTRA
The energy spectrum provides information on
how the energy is distributed in relation to the
frequency. According to Kolmogoroff’s theory,
energy enters the spectrum through the larger
eddies and is then transferred through the spec-

12)
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trum to the smaller eddies, where it is finally
dissipated. In turbulent shear flows, it is not
known how the one-dimensional functionisrelated
to the three-dimensional spectrum function. How-
ever, the one-dimensional spectrum function is
still assumed to be an integral effect of the three-
dimensional spectrum function. Despite these and
other experimental difficulties, the study of the
energy spectra may lead to very interesting
conclusions.

The fractional energy content, F(n), is defined as

IZF(n)dn=1, (13)

where F(n) is a Fourier cosine transformation of
R('):

Fy=4(Vi® [ZR()dr cos2mnt’.  (14)
Power spectra were obtained at many points in

the flow for all the different studies. These results
were discussed and presented by McQuivey (1973).

SUSPENDED-SEDIMENT CONCENTRATION

Suspended-sediment concentration is defined as
the ratio of the weight of solids to the weight of
the water and sediment mixture. The samples
were collected at local mean stream velocity. The
samples, collected at various sites, varied in size
(amount) from 6 gallons to 1 pint. The size of the
samples is probably the most important considera-
tion, so far as accuracy in testing is concerned.

The suspended-sediment samples are probably
as good as any that were taken. Concerted effort
was made to collect each sample at mean stream
velocity. The sampler, developed by the U.S.
Geological Survey, adjusted the intake velocity
for low-frequency changes and should therefore
give very good results.

SIZE AND GRADATION OF SEDIMENT

The mean particle size and (or) the gradation
distribution in terms of fall diameter of each sus-
pended-sediment and bed-material discharge
sample, and each bed-material sample was
determined by drying the total sample, splitting
it into a workable size where necessary, and then
analyzing it in the visual-accumulation tube (U.S.
Inter-Agency Committee on Water Resources,
1957a). Each bed-material sample consisted of
several samples taken at random from the beds of
channels or flumes. In the studies where fine sedi-
ment was present, the fine sediment was washed
out of the sample before the sample was dried,
split, and analyzed.
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The gradation (o) was determined by the

equation
_1(dso dss
"‘2<d16+d50>’

in which ds is the median size, and d;s and dss are
the respective sizes for which 16 and 84 percent of
the sample is finer than the indicated size.

FALL VELOCITY

The fall velocity, as defined and discussed in
Report 12 of the U.S. Inter-Agency Committee on
Water Resources (1957b), is recorded in the tables
for which suspended-sediment samples were col-
lected. The fall velocity recorded is for the median
size of the entire suspended-sediment sample
collected at a point in the flow. It is recorded in
feet per second, so that it can be compared later
with the turbulence intensity, which is also re-
corded in feet per second.

TOTAL BED-MATERIAL DISCHARGE

The concentration of total sediment discharge
was obtained with a width-depth integrating
sampler located at the nappe, where the flow
dropped from the 8-foot-wide flume into the tail-
box. After uniform flow was established, more
than 30 samples were taken at about 1-hour inter-
vals. This gave a good statistical average of the
total sediment discharge for each established
flow condition.

(15)

SHEAR VELOCITY

Shear velocity is defined as VgRS, or V7/p,
where g is the gravitational constant, R is the
hydraulic radius, and § is the water-surface or
energy slope.

SHEAR STRESS AT THE BED
The shear stress or tractive force at the bed 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

7=yDS§, (16)
where D is the depth at a particular vertical, S is

the water-surface or energy slope, and vy is the
specific weight of water.

KINEMATIC VISCOSITY
The kinematic viscosity of the water and sedi-
ment mixture was determined from the tempera-
ture of the water and appropriate standard tables.

REYNOLDS NUMBER

The Reynolds number is a ratio of the viscous
forces to the total inertial forces in the channel. It
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is defined as
R=——£VD , Or Q. am
I v
It is commonly used as a measure of the effect of
viscosity on the flow pattern.
FROUDE NUMBER
The effect of gravity on the flow pattern is
commonly related to the Froude number, which is
the ratio of the gravity force to the total inertial
force. As commonly used and reported herein,
v
VgD’
CHEZY DISCHARGE COEFFICIENT
Parameters related to average resistance to
flow in channels are based on the variables §, D,

and V. The dimensionless Chézy discharge co-
efficient is defined as

F= 18)

T .7
\VgDS§'

=" (19)
Vg Us
Note that the discharge coefficient is the inverse
of resistance, where the resistance coefficient is
defined as

7-82DS
V)2

BED CONFIGURATION

The general bed configurations were determined

visually in the 20-centimeter-wide flume, and a

sonic depth sounder was used extensively in the

8-foot-wide flume and in the field. The sounder

chart records were later digitized, and a statistical

analysis was completed to determine the bed-form
statistics.

The general description, such as ripples, dunes,

and flat bed, is given in the “Basic Data” section.

DESCRIPTION OF INDIVIDUAL STUDIES

This section of the report documents general ob-
servations of the flow field and operational proce-
dures during the collection of the data. This includes
a description of each study site, the roughness and
bed configurations, the flow characteristics, opera-
tional procedures and techniques, and any variation
in the data collection procedure between the various
studies. A brief statement is included to explain the
objective of each study. Many photographs are in-
cluded to show the study sites, roughness or bed
forms, and data collection. References and objectives
are given in each section to relate the data to that
taken in conjunction with other studies.

(20)
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FIGURE 11. — Schematic diagram of the 20-centimeter-wide flume at Colorado State University.

20-CENTIMETER-WIDE FLUME, RIGID BOUNDARY

The experiments were performed in an open-sur-
face recirculating flume made of Lucite. The channel
was 10 meters long and had a cross section 20 centi-
meters wide by 20 centimeters deep. The slope of the
channel could be varied from 0 to 0.085. An overall
sketch of the flume is shown in figure 11. For a more
detailed description of the flume refer to the report
of Rathbun, Guy, and Richardson (1969).

During the first study two boundary roughnesses
were used. The Lucite floor of the channel provided
a hydrodynamically smooth boundary. Sheets of alu-
minum coated with a layer of 0.173-inch-diameter
lead shot packed at maximum density provided a
hydrodynamically rough boundary. This roughness
is shown in figure 12.

The depth of flow over the lead shot was measured
from a point slightly below the top of the lead shot.
This mean bed elevation was determined by balanc-
ing the volume of the lead shot with the volume of
the voids above the lead-shot centerline and to the
top of the shot. The flow conditions were sufficient to
provide fully developed turbulent flow at a test sec-
tion 8.5 meters downstream from the headbox. The
two-dimensionality of the flow at the test section was
checked by a velocity survey taken with the small
pitot tube.

The data were then collected in the test section at
the centerline of the flume. Cylindrical hot-film sen-
sors were used to obtain most of the data; however,
the wedge-shaped sensor was also used. The small
pitot tube was used to obtain the local mean veloc-
ities.

The primary experimental objective of this study

g j{ s ——

FIGURE 12. — Lead-shot roughness used in the 20-centimeter-
wide flume study.

was to develop the techniques and procedures in-
volved in making turbulence measurements that
could be reproduced in not only filtered systems (re-
moving all foreign contaminants that might become
attached to the hot-film sensor), but also sediment-
laden channels. Therefore, a method was developed
to measure turbulence in open channels that carried
sediment and other types of foreign matter.

The experimental objectives for flow over the
rough and smooth boundaries were to measure the
longitudinal and vertical components of the turbu-
lence intensity, the turbulent shear stress, and to see
if these measurements verified the two-dimensional
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equation of motion in open-channel flow. The yawed-
film technique was used to obtain these measure-
ments. Estimates of the energy balance were also
obtained. By measuring the production of energy
and estimating the amount of energy dissipated, the
amount of energy diffused could be calculated. Other
turbulence characteristics obtained include the mac-
roscale and microscale of turbulence, the Eulerian
integral time scale, and energy spectra at various
positions in the flow field.

Several hot-film sensors were also used at this time
to evaluate their performance and repeatability. A
detailed description of the procedures and results
can be found in a report by McQuivey (1967).

The basic data collected over the two rigid bound-
aries for several different flow conditions along with
the mean hydraulic parameters are reported in table
1la and b.

Table 1lc (“Basic Data” section) summarizes the
basic data collected in the 20-centimeter-wide flume
over a 3/.-inch rock roughness for nine different flow
conditions. These data were collected in conjunction
with a study of the reaeration process in open-chan-
nel flows. The reaeration process in a stream is
characterized by its surface reaeration coefficient.
Turbulence is a major factor in this mass-transfer
phenomenon. The results of this study will be re-
ported in other publications.

20-CENTIMETER-WIDE FLUME, ALLUVIAL BOUNDARY

The first turbulence measurements over an alluvial
boundary were carried out in this flume. Two natural
sand sizes were used ; one with a d;, = 0.38 mm and
¢ = 1.69, and another with a d;, = 0.19 mm and
o = 1.42. The longitudinal and vertical intensities of
turbulence were measured, as well as the turbulent
shear stress over the sand beds at incipient motion,
over ripples, and flat bed with sediment moving.
Flow in the flume over the ripple bed is shown in
figure 13.

The primary objective of these experiments was
to study the turbulence characteristics for flow over
alluvial boundaries, to verify the two-dimensional
Navier-Stokes equation of motion in the « direction,
to study the production, dissipation, and diffusion of
the turbulent energy, and to compare the various
scales of turbulence and the power spectra at various
places in the flow.

The data were collected in the test section at the
centerline of the flow, where the flow was fully de-
veloped and two dimensional. The cylindrical hot-
film sensor was used to obtain all the turbulence
data. The small pitot tube was used to obtain the
local mean velocities.
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FIGURE 13. — Ripples formed in the 20-centimeter-wide flume.

Sheets of aluminum were coated with liquid fiber-
glass resin, followed by a uniform thickness of the
0.19 mm sand on one set and 0.38 mm sand on an-
other set. The aluminum sheets were then placed in
the flume on top of a 14-inch layer of foam rubber.
The flow conditions were set up to simulate a flat-bed
condition, with the appropriate slope, depth, and dis-
charge.

The turbulence characteristics were measured over
the fixed roughnesses without sediment moving. Sedi-
ment of the same size as that attached to the aluminum
sheets was then added to the flow, to the extent that
it moved through the system at a maximum trans-
port rate without deposition on the bed occurring.
The same measurements were then repeated.

The turbulence characteristics were also measured
over both sand beds (natural) at the point of incipi-
ent motion and for natural flat beds. The natural
flat-bed results could then be compared with the arti-
ficial flat bed results.

The main objective of this study was to determine
the effect of the moving sediment on the turbulence
characteristics and the mean flow parameters.

The turbulence characteristics and hydraulic pa-
rameters collected over the alluvial boundary for
several different flow conditions are reported in
table 2.

2-FOOT-WIDE FLUME, BLOCK ROUGHNESS

The flume used in this experiment was a recircu-
lating flume 60 feet long, 2 feet wide, and 2.5 feet



B16

TURBULENCE IN WATER

o}
j
h i
J \ B =
TERNY T
< d
n
a  Pumping unit i Baffles and screens b a
b Motor i Rails ™~
¢ Center support k Instrument carriage
d Orifice | Flume .
e  Flexible connection m  Tailgate NOTE = NOT TO SCALE
f Jacks n Tailbox
g  Manifold diffuser o Manometer board
h  Headbox

FIGURE 14. — Schematic diagram of the 2-foot-wide flume at Colorado State University.

deep. The side walls were made of 0.5-inch Lucite,
and the floor was made of 0.25-inch stainless-steel
plate. The discharge could be adjusted from 0 to 8
cubic feet per second, and the slope from horizontal
to 0.10. A schematic diagram of this flume is shown
in figure 14.

The turbulence data collected over the rigid bound-
ary was taken in conjunction with a study of disper-
sion and diffusion. The roughness consisted of
wooden blocks glued to the stainless-steel floor. Three
different heights of blocks were used. The spacing
of the blocks was the same for the three block
heights. The size and spacing of the blocks are shown
in figure 15. Figure 16 shows the blocks after they
were placed in the flume. A standard swimming-pool
filter and a set of screens were placed just down-
stream of the headbox to filter the flow, to remove
all foreign contaminants, and to straighten out the
flow, eliminating any irregular flow conditions caused
by the entrance conditions.

The turbulence data were collected 40 feet down-
stream from the headbox, where the flow was fully
developed. The cylindrical hot-film sensor was used
to collect all the turbulence data. The small pitot tube
was used to obtain the local mean velocities. The data
were collected at the channel centerline.

The turbulence characteristics were obtained pri-
marily to relate them with dispersion and diffusion
characteristics. It was hoped that the percentage of
dispersion and diffusion due to turbulence could be
determined.

The turbulence characteristics obtained included
the longitudinal intensity of turbulence, the Eulerian
integral time scale, the macroscale of turbulence, and
space-time correlation relations in the z-, -, and
z-coordinate directions. These data along with the
mean hydraulic parameters for nine flow conditions
are given in table 3a.

Additional data were later taken over the same
roughness elements and at the approximate same
flow conditions. The objectives of this study were to
study the development of flow in a flume and to
study more specifically the turbulence characteristics
as the turbulent boundary layer developed. Turbu-
lence data were collected at 5-foot intervals down the
length of the flume at the channel centerline and
between the centerline and the wall. Velocity profiles
were taken at every 3-inch interval across the entire
channel width and at every longitudinal measuring
section. These data are summarized in table 3b.

The yawed-film technique was used to obtain mea-
surements of the vertical velocity fluctuations and
the turbulent shear stress over the block roughnesses
at various stations down the flume. These data along
with the mean hydraulic parameters for six flow con-
ditions are given in table 3c.

4FOOT-WIDE FLUME, ROCK ROUGHNESS
The flume used in this experiment was a nonrecir-
culating flume 120 feet long, 4 feet wide, and 2 feet
deep. The interior of the flume is surfaced with ply-
wood coated with fiber glass, except for a 24-foot
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FI1GURE 15. — Block roughnesses and spacing pattern used in
the 2-foot-wide flume: 4, % inch high; B, . inch high; and
C, 1% inches high.

section of the left sidewall which is of Lucite. The
discharge could be regulated from zero flow up to
the maximum capacity of the flume, which is about
30 cubic feet per second. The slope could be adjusted
from horizontal to about 0.03. A schematic diagram
of this flume is shown in figure 17.

The turbulence data collected in the 4-foot-wide
flume were taken in conjunction with a study of
thermal pollution, dispersion, and diffusion. The
fiber-glass—plywood construction provided a hydro-
dynamically smooth boundary. The second boundary

B17

FIGURE 16. — Block roughness in the 2-foot-wide flume.

was 3/-inch rock. The 3/-inch rock was removed,
and 114-inch rock provided the third roughness. The
fourth roughness included the 1l4-inch roughness
with 4- to 6-inch rock placed 6 to 8 inches apart.
Two of these boundary conditions are shown in fig-
ure 18. The depth of the rock roughness placed was
approximately that of the mean diameters.

A series of four grids was placed just downstream
from the headbox to straighten out the flow, elimi-
nating any irregular flow conditions caused by the
entrance conditions. A fifth grid was floated on the
water surface to act as a wave suppressor.

The turbulence data were collected 75 feet down-
stream from the headbox, where the flow was fully
developed. The parabolic-shaped hot-film sensor was
used to collect all the turbulence data. The small
pitot tube was used to obtain the local mean veloci-
ties. The data were collected at the channel center-
line and halfway between the centerline and the wall.

The turbulence characteristics were obtained pri-
marily to relate them with the dispersion and diffu-
sion of a heated jet discharging into the flow. It was
again hoped that the percentage of dispersion and
diffusion due to turbulence could be determined.

The turbulence characteristics obtained included
the longitudinal intensity of turbulence, the Eulerian
integral time scale, the microscale of turbulence, and
space-time correlation relations in the z-, -, and 2-
coordinate directions. These data along with the
mean hydraulic parameters for 12 flow conditions
are given in table 4.

8-FOOT-WIDE FLUME, BLOCK ROUGHNESS

These experiments were conducted in a 200-foot-
long recirculating flume with an 8-foot-wide by
4-foot-deep rectangular cross section. The interior of



B18

r-— 3.86 F T—=

(1.18M.) oFT

(0.61M.)
i

 C— =

ADJUSTABLE
JACKS

TURBULENCE IN WATER

NOTE. NOT TO SCALE

TAILGATE INSTRUMENT
RALS /” CARRIAGE / BAHFEF:;BSOX
) 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 '/
MANIFOL D
DIFFUSER

OUTFLOW
TO
DRAIN

INFLOW FROM
CONSTANT

RAXKXRXXRRRIRRRIRKARK

ADJUSTABLE JACKS
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FIGURE 18. — Boundary roughnesses in the 4-foot-wide flume: A, %-inch rock; B, riverbed.

the flume is surfaced with aluminum, except for a
72-foot section of the left sidewall, which is of Lu-
cite. The pumping system consists of three pumps,
30, 60, and 120 horsepower, with maximum dis-
charge of 12, 28, and 40 cubic feet per second, re-
spectively. The flume is mounted on adjustable screw
jacks driven by syncronous motors with which the
slope can be adjusted very easily and quickly from

horizontal to 0.03. Figure 19 shows a schematic dia-
gram of the flume.

The turbulence data collected over the rigid bound-
ary in the 8-foot-wide flume was taken in conjunc-
tion with the study of Jobson (1968) on vertical
mass transfer in open-channel flow. The roughness
consisted of wooden blocks glued to the aluminum
floor. The size and spacing of the block are shown
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FIGURE 20. — Block roughness and spacing pattern used in
the 8-foot-wide flume.

in figure 20. Figure 21 shows the blocks after they
were placed in the flume and a honeycomb section
was placed near the headbox to straighten out the
flow and eliminate any irregular flow conditions
caused by the entrance conditions.

The turbulence measurements were taken for two

reasons. First, it was hoped that the measurements
could be related to the vertical transfer coefficient,
and, second, they were taken at frequent intervals
along the channel to determine where the boundary
layer became fully developed. The turbulence mea-

FIGURE 21.— Block roughness and honeycomb section installed
near headbox of 8-foot-wide flume.

surements were obtained with both the cylindrical-
shaped hot-film sensor and the parabolic-shaped
sensor. The parabolic hot-film sensor was used to
obtain most of the data. The turbulence character-
istics obtained included the longitudinal intensity of
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turbulence, the Eulerian integral time scale, the
macroscale of turbulence, the velocity profiles, and
the related mean hydraulic parameters. These data
are given in table 5.

Jobson (1968) investigated three flow conditions
at a constant depth during his study. Data in the
present report include two other flow conditions;
one where the depth was one-half of his depth, and
the other, twice the depth used by Jobson.

The procedure was to measure the local mean veloc-
ity at a point with the small modified Ott meter and,
then, to place the hot-film sensor at that same point
and obtain the turbulence measurements. The data
were taken 1.5 feet from the wall and along the chan-
nel centerline on a vertical line extending upward
from the middle of a rectangular opening formed by
four roughness elements.

8-FOOT-WIDE FLUME, ALLUVIAL BOUNDARY

The experiments on flow over an alluvial boundary
in the big flume were started after the roughness
elements were removed. The bed material used was
a natural river sand from the Rio Grande convey-
ance channel near Bernardo, N. Mex. The average of
20 samples analyzed, using the visual-accumulation
tube, indicated that the median fall diameter, ds,
was 0.25 mm, and the gradation, o, was 1.44.

A series of 33 different flow conditions were
studied. The average depth varied from about 1 to
2.8 feet, and the discharge varied from about 15 to
75 cubic feet per second. The mean velocity, Q/A,
ranged from about 1.8 to 6.5 feet per second. Turbu-
lence data were only taken over a selected number
of flow conditions.

After operating the flume for several days at a
particular depth and discharge, equilibrium was es-
tablished for each run. Then, for at least 30 hours,
the water-surface slope, the discharge of water and
sediment mixture, the water temperature, a bed pro-
file, the mean depth, and the total sediment discharge
were recorded every hour to obtain a good statistical
average of each variable. During this time the tur-
bulence data, velocity profiles, and suspended-sedi-
ment data were being collected. Suspended-sediment
samples were obtained with a 14-inch siphon set to
siphon at the local mean velocity. When data were de-
sired over a crest or trough of a dune that was mov-
ing, the sonic depth sounder was used to position the
data-collection equipment over the crest or trough
as it migrated downstream.

The general bed configurations over which turbu-
lence data were collected are shown in the following
photographs. Figure 22 shows a ripple-bed configu-
ration. The turbulence data were taken about 120
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FIGURE 22. — Typical ripple bed in the 8-foot-wide flume.

FIGURE 23. — Typical flat bed in the 8-foot-wide flume.

feet downstream from the headbox and at the center-
line of the flume. Figure 23 shows a flat-bed condi-
tion. For another flat-bed run, data were taken at
several stations downstream from the headbox to see
if the flow was fully developed. The velocity profiles,
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FIGURE 24. —Typical three-dimensional dune bed in the 8-foot-
wide flume.

turbulence intensity profiles and suspended sediment
distributions indicated that down to as much as 100
feet below the headbox the flow was not developed.
Figure 24 shows a dune bed configuration. Turbu-
lence data were collected over crests, troughs, and the
backs of the dunes. Figure 25 shows that the bed
configuration constitutes (a) three-dimensional
dunes up near the headbox and (b) long two-dimen-
sional dunes downstream.

The turbulence characteristics, hydraulic param-
eters, and sediment data are recorded in table 6.

ATRISCO FEEDER CANAL

A reach of the Atrisco feeder canal near Berna-
lillo, N. Mex., about 15 miles north of Albuquerque,
was selected as the first field experimental site. A
location map of the study site is shown in figure 26.
Several other studies have been completed in the
reach, including a transverse and longitudinal mix-
ing experiment and a fluorescent sediment tracer
study. Extensive alluvial channel data have been col-
lected there. The channel has a straight alinement
for a distance of approximately 12,000 feet. The
cross section shown in figure 27 (as viewed upstream)
was several thousand feet from the inlet to the canal.
The channel is about 58 feet wide, and the average
depth was approximately 1.70 feet. The bed forms
were small three-dimensional dunes.
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FIGURE 25. — Transitional bed in the 8-foot-wide flume: A4,
Three-dimensional features near headbox; B, two-dimen-
tional features near tailbox.

The parabolic-shaped hot-film sensor was used to
obtain the turbulence data. Figure 28 shows the hot-
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FIGURE 26. — Location of the Atrisco feeder canal.

FIGURE 27. — Upstream view of the Atrisco feeder canal,
photographed from the study section.

film sensor used in obtaining the turbulence measure-
ments in the field. Six verticals were taken in the
cross section defining the distributions of mean ve-
locity (obtained with the small propeller meter),

TURBULENCE IN WATER

FIGURE 28. — Hot-film sensor used during the Atrisco feeder
canal study.

longitudinal intensity of turbulence, Eulerian inte-
gral time scale, macroscale of turbulence, and
suspended sediment. Bed-sediment samples were col-
lected, and the bed configuration was observed. Tur-
bulence measurements were also obtained with the
small propeller meter.

The primary objectives of this study were to ob-
tain some turbulence characteristics in the field and
to evaluate the hot-film anemometer as a field instru-
ment. It was also hoped that the turbulence charac-
teristics could be correlated with the hydraulic
parameters and the sediment data to better under-
stand the mechanics of the flow.

The hydraulic, sediment-data, and turbulence char-
acteristics obtained are given in table 7.

RIO GRANDE CONVEYANCE CHANNEL
The second experimental reach selected was the
Rio Grande conveyance channel near Bernardo,
N. Mex., about 70 miles south of Albuquerque. A
location map of the study site is shown in figure 29.
Extensive alluvial-channel data have been collected
at this site. A basic-data report by Culbertson, Scott,
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FIGURE 29. — Location of the Rio Grande conveyance channel.

and Bennett (1972) gives a detailed description of
the channel and how it operates.

Data were collected from the channel at two differ-
ent times and at two different locations. The first
data were collected in the spring of 1968 at station
12.5. Figure 30 shows a downstream view of the
channel. The channel has several sections of straight
alinement, with a width of about 70 feet. The depth
of flow varies with discharge and bed form.

The bed form was rather large dunes during the
first data-collection period. The parabolic hot-film
sensor was used to obtain the turbulence data. Six
verticals were taken in the cross section defining the
distributions of mean velocity, longitudinal turbu-
lence intensity, Eulerian integral time scale, macro-
scale of turbulence, and suspended sediment.

The next day the above data were collected at one
vertical in the flow as fast as possible (about every
15 minutes) while the bed forms moved past the plat-
form. Fifteen verticals were taken to define the vari-
ation in the various distributions in relation to time.

The second data-collection period was in the spring
of 1970. The test section was at station 16, as shown
in figure 29. The test section is shown in figure 31
(upstream view). The bed form was flat, and the
suspended-sediment concentrations were fairly large.
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FIGURE 30. — Downstream view of the Rio Grande conveyance
channel, as photographed from the 1968 data-collection site
(station 12.5).

FIGURE 31.— Upstream view of the Rio Grande conveyance
channel, as photographed from the 1970 data-collection site
(station-16).

The same equipment was used, and the same basic
data were collected. A new pumping point sampler
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FIGURE 32. — Data collection at the Rio Grande conveyance
channel: A, Turbulence equipment; B, other supportive
equipment.

was used to obtain suspended-sediment samples. The
data-collection equipment and the people involved
are shown in figure 32.

The objective of these experiments was to corre-
late the turbulence characteristics with the hydraulic
parameters and the suspended-sediment data to gain
greater insight into the mechanics of the flow.

The hydraulic parameters, sediment data, and tur-
bulence characteristics are reported in table 8.

COLUMBIA RIVER ESTUARY

The next experimental site was the mouth of the
Columbia River at Astoria, Oreg., in the estuary. The
cross section studied was a few hundred feet up-
stream from the bridge that goes across the estuary,
as shown on the location map in figure 33 and in the
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photograph in figure 34. The channel is several miles
wide at the cross section. The discharge varies with
the tidal cycle, which complicates a data-collection
program. These data were collected in conjunction
with D. W. Hubbell’s project.

The procedures used in collecting the data were
described by Hubbell and Glenn (1970).

These were the first turbulence measurements
made in depths up to 60 feet and where salinity might
be a problem. A special probe cable and probe holder
were used to make measurements in depths up to 125
feet.

Difficulties with electronic equipment used to ob-
tain the direction of flow and the mean velocity
plagued the data collection for 3 days. When all of
Hubbell’s equipment worked, the turbulence equip-
ment failed to give good clean signals. A grounding
problem was the main cause of the noisy signal.
Once this problem was solved, one good profile of
turbulence data was collected.

Along with the turbulence data, salinity, tempera-
ture, and mean velocity data and suspended-sediment
samples were collected.

Salinity, large depths, and esturian flow did not
seem to be a problem in getting good turbulence
data. Turbulence measurements could be made but a
great deal of thought and planning would have to go
into a data collection program. Flow in estuaries is
very complex, and it would be important to know all
the variables of interest in order to correlate the tur-
bulence measurements with the flow variables.

The data collected are summarized in table 9.

MISSOURI RIVER

The next experimental reach was selected on the
Missouri River, a few miles downstream from
Omaha, Nebr. The cross section selected was in a
T-mile study reach between Missouri River miles 609
to 616, as shown in figure 35. The specific cross sec-
tion where the turbulence measurements were ob-
tained was at river-mile 612.51. Figure 36 shows the
channel, viewed downstream from the cross section,
and figure 37 shows the channel, as viewed upstream.
The Omaha District of the Corps of Engineers has
been collecting basic sediment and hydraulic data in
the reach for 4 years. (For a summary of their re-
sults, see U.S. Army Corps of Engineers, 1968, 1969.)

Data were collected at two different times. The
first set of data was collected in September of 1968.
The bed forms were long two-dimensional dunes. The
equipment was assembled in a boat. The boat was
positioned in the cross section by means of a stadia
rod in the boat and a transit on the riverbank. The
boat was then anchored in the river at the desired
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FIGURE 33. — Location of the Columbia River estuary study.

FIGURE 34. — Southward cross-section view of the Columbia
River estuary.

location. Five verticals were taken in the cross sec-
tion. The parabolic hot-film sensor was used to obtain
the turbulence measurements, and six data points
were collected in a vertical. At each vertical, suffi-
cient data were collected to define distributions of
mean velocity, longitudinal turbulence intensity, Eu-
lerian integral time scale, macroscale of turbulence,
and suspended sediment. Bed-sediment samples, the
bed configuration, and other hydraulic parameters
were collected by Corps personnel.

The second set of data was collected in November
of that same year, when the bed was nearly flat. Data
were taken at three verticals in the same cross sec-
tion, and the same types of data were collected.

The objective of this study was to correlate the
sediment data and hydraulic parameters with the
turbulence characteristics. The basic data are given

in table 10.
MISSISSIPPI RIVER

The last field site was the Milliken Bend section of
the Mississippi River, just upstream from Vicks-
burg, Miss. The section of the river in which data
were collected is indicated in figure 38. The turbu-
lence, local mean velocities, and suspended-sediment
data were collected at river-miles 444.0, 443.2, 441.6,
and 440.0. Two typical cross sections of the river are
shown in figures 39 and 40.

Four crews in four boats collected the data. One
crew measured the discharge, one crew obtained bed-
and suspended-sediment samples, another crew ob-
tained bed form information, and the other crew
obtained the local mean velocities and the turbulence
data. Anchoring the boats was an impossibility be-
cause of the large amount of barge traffic. Therefore,
the position was held by the boat operator. Position-
ing of the boats was determined by surveying the
distance between the boat and visible triangulation
stations on the riverbank.
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FIGURE 36.— Downstream view of the Missouri River, as
photographed from the study section.

FIGURE 37. — Upstream view of the Missouri River, as photo-
graphed from the study section.

The turbulence measurements were obtained with
the parabolic-shaped hot-film sensor. The local mean
velocities were obtained with a standard Price cur-
rent meter. Three vertical distributions of the local
mean velocity, longitudinal turbulence intensity, sus-
pended sediment, Eulerian integral time scale, and
the macroscale of turbulence were obtained at each
cross section. The turbulence data and local mean
velocities were averaged over 4 minutes, which is
probably not a long enough time in a river system of
that size. The suspended-sediment samples were col-
lected in 1-pint containers. The length of time used
to collect a 1-pint container of water and sediment
mixture was about 10 seconds, which is not a long
enough time to collect a representative sample. In
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FIGURE 38. — Location of the Mississippi River study.

FIGURE 39. — Upstream view of the Mississippi River, from
study section 444.0.

some verticals the suspended-sediment data collec-
tion was repeated, and it’s easy to see from the wide
range in the data why these samples were not very
meaningful.

The objective of this study was to correlate the
turbulence characteristics with the mean hydraulic
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FIGURE 40. — Cross section of the Mississippi River at study
section 441.6.

parameters and the sediment data. The data are re-
corded in table 11.

CURRENT METER RESULTS

At the cross sections of the Atrisco feeder canal
and the first data-collection site on the Rio Grande
conveyance channel, the local mean velocities were
obtained with the small modified propeller meter.
The 1-3 Ott propeller was used. The digital output
from the propeller meter was changed to an analog
signal by a digital-to-analog converter. This output
was recorded on the FM magnetic-tape recorder.
These data were analyzed by digitizing the data as
explained in the “Operating Procedure and Data Re-
duction” section, and from a computer analysis, the
longitudinal turbulence intensity was obtained. A
detailed description of the equipment and data-re-
duction procedure for the data collected with the
small propeller meter is given by Bennett and Mec-
Quivey (1970). Table 12a and b summarizes the
turbulence intensities obtained with the propeller
meter and the hot-film anemometer at the Atrisco
and Rio Grande conveyance sites.

Table 12¢ summarizes the longitudinal turbulence
intensity values obtained with the standard Price
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current meter used at sections 441.6 and 444.0 dur-
ing the Mississippi River study, as well as the results
obtained with the hot-film anemometer. The current
meter impulses were recorded on an oscillograph for
4 minutes at each point in the flow. This record was
later digitized and the longitudinal intensity calcu-
lated.
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SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES B31

TABLE la. — 20-centimeter-wide flume, rigid boundary

Mean flow parameters ¥/D 7 iz Va2 | Vzfu, Mean flow parameters ¥/D 7 iz 37 | 3,
and variables (£ps) | (£ps) and variables (fps) | (£ps)
Smooth bouhdary, channel centerline, cylindrical hot-film sensor Shot roughness, channel centerline, cylindrical hot-film sensor
| 0.810 [1.000 [0.0686 (0.0629 1.024
= 0.89x103 U, = 0.046 fps 0.786 |1.010 [0.0559 [0.0554 {1.215 - 1.80%163 U, = 0.0670 fps 647 |1 040 | .0790 | .0760 |1.179
_ 2 .615 | .980 | .0660 | .0674 [1.435 * ) 284 | 970 | L0932 | 0961 |1.391
W= 0.632 ft © = 0.0053 Lb/ft .4a5 | .945 | .0714 | .0756 |1.552 = 0.632 ft T = 0.011 Ib/ft 320 | Jar0 | loss | 1230 |1 e1s
= 0.054 cfs v = 0.920x105 ft2/sec | .359 | .910 | .0786 | .0864 (1.709 - 0.062 cfs v = 1.00x105 £t2/sec | .238 | 835 | .1211 | .1450 |1.808
- ° - -274 | .860 | .0821 | .0955 11.785 167 | .735 | .1303 | .1773 |1.945
T=27.27C R = 9,300 .189 | .807 | .0921 | .1141 |2.002 T =239 °C R = 9,400 121 | lese | 1381 | S202 |2 061
D= 0.0%6 £t F = 0.508 '11)22 'Z‘z)g .iggg 'ii‘}i 2'232 D= 0.102 ft F = 0.52 075 | .560 | .1541 | .2752 |2.300
7= = . . . . . = 056 | .500 | .1623 | .3246 |2.422
V=0.8 fps  C//g = 19.35 041 | .565 | .1296 | .2294 |2.817 V=093 fps  C/Vg = 13.85 ‘026 | .380 | .2092 | .5811 |3.122
- 3 - -937 |1.503 | .0592 | .0394 | .914 ; .995 |1.940 | 1036 | .0534 | .935
5 = 1.7010 Uy = 0.0648 fps .775 [1.462 | .0656 | .0449 |1.012 = 5.07x10° U, = 0.111 fps ‘828 (1,870 | (1183 | (0633 |1.068
= 0.632 ft T = 0.0106 1b/ft? -Gég }-géi gg?g 0530 11.160 W= 0.632 ft © = 0.031 1b/ft? .662 (1,790 | .1237 | .0691 |1.113
: 4 . . 1.355
S g2 . " 491 |1.680 | .1357 | .0808 |1.222
Q= 0.087 cfs v = 0.920x10% £t/sec | "35> 117330 | [0987 | .0753 |1.523 = 0.099 cfs v = 101x10% £e2/sec | i N1cxg | 1eos | l1048 (1,448
T=27.2°C R = 15,000 -;gg }‘223 ﬁég .oggs 1113 = 23.6 °C R = 14,800 .245 [1.420 | .1836 | ,1293 |1.654
- . .1 . -1005 (1.852 . 165 |1.270 | .2070 | .1630 |1.865
b= o0.301 £ F-o.76 -129 11,090 | .1320 | .1211 |2.037 D= 0.099 ft F=0.8 2083 |1.010 | .2430 | .2406 (2.189
V=1.35 fps  ¢/Vg = 21.10 071 | .965 | .1480 | .1534 |2.284 V= 1.58 fps ¢/Vg = 13.50 .056 | .860 | .2741 |,.3187 |2.469
.045 | .873 | .1670 | ,1913 |2.577 033 | Te60 | .3225 |* 4886 |2.905
= )3 = = 3 = . .
5= 3.30:10 Vs = 0.089 fps .887 {2.230 | .0857 | .0384 | .963 5= 9.52x10 U, = 0.153 fps -Zgg g igg ~igg 'gggé X 355
W=0.632 ft T = 0.019 1b/ft? .713 12,160 .1027 L0476 | 1.154 W= 0.632 ft 1= 0.056 1b/ft2 . . . . .
_ 539 2,070 | [1140 | 0551 | 1.281 .452 |2.330 | .1702 | .0731 {1.113
@ = 0.118 cfs v = 0.909x10° ft?/sec | ° . . : : Q= 0.128 cfs v = 1.01x10% ft2/sec | .301 [2.120 | .1940 | .0915 [1.268
.364 {1.930 | .1266 | .0656 | 1.422 226 1.960 | ,2290 | .1163 |1.497
T = 27.8 °C R = 20,500 .278 |1.830 | .1391 | .0760 | 1.563 7= 23,3 °C R = 19,500 . S odl I . '
101 |1.700 | 1632 | 0960 | 1.834 ’ .151 |1.760 | .2570 | .1460 |1.680
D= 0.094 ft F=1.14 . . . . : D= 0.101 ft F=1.08 .076 [1.420 | .3170 | .2232 (2.072
2 p .104 [1.510 | .1806 | .1196 | 2,029 o oas 117250 | 3870 | 3530 3s
7=1.98fps /Y = 22.30 .055 |1.400 | .2121 | .1515|2.383 T=1.99 fps  c//g= 12.40 030 | .960 | .4250 | .4427 [2.778
Smooth boundary, channel centerline, wedge hot-film sensor Shot roughness, channel centerline, wedge hot-film sensor
5 = 0.87x10° U, = 0.0456 fps +811 1.005 | .0470 | .0370 [1.031 = 1.80x10°3 = 0.068 fps 795 [1.082 | .0512 | .0473 | .752
: 1b/£t2 -643 1 .976 | .0520 | .0430 | 1.140 g b £ 2 .642 [1.038 | .0633 | .0610 | .930
W=10.632 ft T = 0.0047 1b/ft .475 | .937 | .0587 | .0520 |1.287 W= 0.632 ft T =0.012 1b/ft "400 | 980 | 0745 | .0760 |1.096
@ = 0.054 cfs v = 1.01x10° ft?/sec | -306 | .888 | .0688 | .0660 |1.509 Q= 0.065 cfs v = 1.04x105 ft2/sec | .336 | .902 | .0873 | .0968 |1.284
o 8.500 © | -222 ) .781 | L0775 ) .0770 |} 1.700 o 260 | .848 | .0990 | .1167 |1.456
T=233°C R=38, .138 | .730 | .0874 | .0900 |1.917 7= 24.4 °C R = 10,200 183 | .774 | .1130 | .1460 |1.662
D = 0.097 ft F=0.50 -054 | .581 | .1050 | .1560 |2.303 = 0.107 ft = 0.50 107 | .630 | .1110 | .1762 |1.632
V= 0.88 £ /Y7 = 19.35 -037 | .525 | .1100 | .1760 | 2.412 L " /F_ .061 | .545 | .1480 | .2716 {2.176
=0.88 fps /g =19, V=0.960 fps  C//g= 13.65 052 | .510 | .1580 | .3098 [2.324
S = 1.82x103 U, = 0.0664 fps .885 |1.483 | .0506 | .0260 | .762 S= 5.60x103 U, = 0.1193 fps .810 (1.982 | .0740 | .0370 | .620
- - 2 .719 [1.447 | .0611 | 0330 | .920 _ 2 .655 [1.903 | .0855 | .0450 | .716
= 0.632 f¢ T = 0.011 lb/fr .551 11,404 | .0702 | 0400 |1.057 W= 0.632 ft T= 0.037 1b/ft -499 [1.801 | 1086 | .0620 | .910
Q= 0.085 cfs v = 1.01x105 ft2/sec | .386 [1.322 | .0782 | .0480 |1.178 2= 0.105 cfs v= 1.04x105 £t2/sec | .343 [1.658 | .1319 | .0800 |1.105
o .302 [1.277 | .0850 | .0550 |1.295 . 265 |1.573 | .1458 | .0930 |1.222
T=25.3°C R = 13,300 .219 |1.208 | .0952 | .0656 |1.434 =244 °C R = 16,600 187 |1.439 | .1592 | .1110 [1.334
= 0.099 ft F=0.76 .136 {1.126 | .1056 | 0780 [1.590 = 0.105 ft = 0.84 109 (1.183 |.1843 | .1560 |1.545
= .053 | .947 | .1370 | .1250 |2.063 _ .062 |1.030 | .2202 | .2140 [1.846
V= 1.36 fps  C/Vg = 20.50 033 | .870 | .1531 | .1580 |2.306 V=1.58 fps  C//g= 13.00 .053 | .972 | .2388 | .2460 {2.002
5= 3.30%10° U, = 0.0904 fps -902 12,158 ) 0572 | .0270 | .632 S= 8.44103 U, = 0.1444 fps .840 |2.493 | .0800 | .0320 | .554
* .824 (2,123 | .0628 | .0300 | .694 N 077 12,401 | 0960 | 0400 | 664
= 0.632 ft T = 0.021 1b/ft? .663 |2.061 | .0702 | .0340 | .776 W= 0.632 £t ©= 0.053 1b/ft2 . : . . .
. 202 |1.97a | ‘0sas | -oaso | 930 . .517 [2.278 | .1160 | .0510 | .803
= 0.121 cfs v = 1.01x10% ft2/sec | "37 11 ace | Tooe7 | Cos : @= 0.134 cfs v= 1.04x105 ft2/sec | .355 [2.090 | .1440 | .0690 | .997
. : : -0540 11.103 274 [1.976 | .1560 | .0790 |1.080
= 23.3 °C R = 19,000 .260 |1.781 | .1033 | .0580 |1.143 - 24.4 °C R= 20,800 . . . . :
180 1665 | (1195 | L0680 |1.322 ’ .194 [1.824 | .1860 | .1020 |1.288
= 0.101 ft F=1.05 100 |1.498 | 1522 | .0850 | 1.684 D= 0.101 ft =1.10 .113 (1.506 | .2120 | .1410 [1.468
7 /g7 = 21.00 l052 |1.298 | 1787 | 122 |1.877 F= 2.10 £ CI/g= 13.85 065 (1.391 | .2880 | .2070 |1.994
V= 1.90 fps C/Yg = 21. . . . . . V= 2.1 s g= . . . " .
‘032 (1183 | ‘1982 | [163 |2.192 P 055 [1.250 | .3100 | .2480 |2.147




B32 TURBULENCE IN WATER

TABLE 1b. — 20-centimeter-wide flume, rigid boundary, yawed-film results

= 53 = Measured | Calculated T L A
Mean flow parameters U w2 — — 2 — — ure 1at — ol = E v %
and variables 10 | cepsy | cesy | YT | Y| cevsy | VAT | Yo sy |l wfT? Wl | ey | 0 | £n)
Smooth boundary, channel centerline

S = 0.48x10°3 U, = 0.035 fps

W=0.632 ft t = 0.0031 1b/ft? 0.564 10.683 [ 0.0505 | 0.0739 | 1,443 | 0.0346 | 0.0507| 0.989 | 0.00088 | 0.00134 [0.00097| 0.3703 | 0.247 | 0.169 | 0.0187
Q@ = 0.044 cfs v = 1.00x105 ft2/sec| .450 | .651| .0577 | .0886[ 1.649 | .0394( .0605|1.126 .00120 00170 .00146| .5049 | .263| .171| .0223
T =23.9° R = 7,000 .240 | .607 | .0705( .1161| 2.014 .0486 | .0801 | 1.389 .00164 .00234 .00229| .6901 | .281| .170| .0196
D = 0.103 ft F=0.37 .083 | .484| .0880 | .1818| 2.514 | .0568| .1174}1.623 .00172 .00283 .00378| .7238| .253| .123| .0162
V=0.675 fps  C/Vg = 19.3

S = 1.75:10° Uy = 0.0657 fps .775 |1.460 | .0760 | .0520|1.157 | .0523( .0358| .79 .00206 .00249 .00050{ .2460 | .203| .287) .0101
W =0.632 ft T = 0.0110 1b/fe .452 11.350 | .0960 [ .0711] 1.461 | .0646| .0478| .983 .00487 | .00606 .00138| .5816 | .159| .215| .0124
Q = 0.0874 cfs v = 0.920<10° ft?/sec| 290 1.260 | .1110| .0881|1.690 | .0760| .0603|1.157 .00637 .00785 .00207] .7607 | .186| .234| .0116
T =27.2°C R = 15,000 .208 |1.190 | .1230 | .1034| 1.872 | .0843| .0708( 1.283 .00767 .00876 .00279| .9159| .184| .219| .0103
D =0.1013 ft F=0.75 1129 [1.090 | .1340 | .1229| 2.040 | .0897| .0823]1.365 .00784 .00964 .00340| .9362| .173| .189 [ .0082
V=1.36 fps C/Yg = 20.7 .071 | .960 | .1600 | .1666| 2.435 | .1060| .1104 | 1.613 .00793 .01028 .00444| .9470 | .177| .170 [ .0071
S = 3.31x10° U, = 0.089 fps .713 (2.160 { .1080 { .0500| 1.214 | .0737| .0341| .8281{ .00450 .00557 .00050| .2928 | .112] .242| .0086
W= 0.632 ft T = 0.0194 1b/£t? .539 |2.060 | .1200 | .05831.348 [ .0799 | .0388| .8978| .00900 .00895 .00110| .5857 .136| .280 | .0111
Q@ = 0.1188 cfs v = 0.909x105 ft2/sec| -364 {1.930 [ .1410 | .0731|1.584 | .0939| .04871.0550] .01080 01235 .00150 | .7093 | .154| .297 | .0092
T =27.8 °C R = 20,600 .278 |1.840 | .1560 | .08481.753 | .1020 [ .0554)1.1460| .01270 .01402 .00190{ .8265| .142| .261| .0103
D = 0.094 ft F=1.14 .191 |1.710 | .1650 | .0965) 1.854 | .1050 | .0614|1.1800| .01440 01571 .00250| .9371| .157| .268 | .0077
V= 1.99 fps c//g = 22.3 .104 [1.510 | .1940 | .1285]2.180 | .1290| .0854 | 1.4490] .01660 .01740 .00380 | 1.0800 [ .147| .222| .0053

Shot roughness, channel centerline

5 = 2.11x163 Uy = 0.0743 fps .780 |1.220 | .0837 | .0686|1.126 | .0564 | .0462| .7591| .00330 .00316 .00110| .2290 | .132| .161| .0119
W= 0.632 ft T = 0.0144 1b/ft? .513 |1.110 [ .0917 | .0826|1.234 | .0595| .0536 | .8008| .00580 00699 00300 .4020 | .157| .174| .0135
Q = 0.073 cfs v = 1.07x105 ft2/sec | .336 |1.020 | .1089 | .1068| 1.466 | .0725| .0711| .9758| .00720 .00953 .00360 | ,4996 | .186 | .1%0 | .0128
T =21.4 °C R = 11,900 .225 | .950 | .1240 | .1305|1.669 | .0816( .0859|1.0080| .00820 .01112 .00470| .5680 | .177| .168| .0117
D = 0.109 ft F =10.60 (180 | .790 | .1480 | .1873|1.992 | .0936 | .11851.2600| .00940 01177 .00780| .6520 | .142| .112| .0086
V= 1.06 fps C/Vg = 14.3 085 | .630 | .1712{ .2717|2.304 | .1125| .1786|1.5140} .01030 01313 .01340| .7160 | .111] .070 | .0057
5 = 6.28x103 U, = 0.130 fps .749 [2.000{ ,1330 | .0665|1.023 | .0830 | .o0415| .6385| .01090 ,01107 .00140| ,3325| .087| .175| .o0115
W= 0.632 ft T = 0.044 1b/£t2 .461 (1.840 | .1620| .0870 | 1.246 | .0970| .0527| .7462| .01440 .02376 .00220| .4392| .103| .180| .0123
@ = 0.1205 cfs v = 1.06x105 ft2/sec | .318 [1.720 | .1760 | .1023(1.354 | .1260 [ .0733| .9692( .01920 .03007 .00330| .5856 [ .116 | .200{ .0117
7= 21.7 °C R = 17,400 212 {1.600 | .2020 | .1263|1.554 | .1370| .0856 | 1.0540] .02400 .03474 .00480 | .7320| .114| .182{ .0103
D = 0.1125 ft F=0.8 .201 [1.610 | .2120 | .1317(1.631 | .1460| .0907|1.1230( .02600 .03522 00520 .7930| .111{ .179| .0096
V= 1.70 fps C/vg = 13.1 113 |1.400 | .2470 | .1764 | 1.900 | .1610| .1150|1.2380{ .02850 .03910 .00750( .8693 | .108| .151| .0059
5 = 8.54x10° Uy, = 0.147 fps .795 }2.500 | .1550 { .0620 | 1.053 [ .0880 | .0352 | .5986 | .01030 .01133 .00080 | .2457 | .073 | .183 | .0109
W =10.632 ft T = 0.055 1b/ft? .636 [2.400 | .1660 | .0693 |1.130 | .0934 | .0389 | .6354 | .01680 .02012 .00150 | .4007 | .095 | .228 | .0107
@ = 0.1307 cfs v = 1.01x10% ft?/sec | .477 (2.250 | .1880 | .0836 | 1.280 | .1190 | .0529 | .809s! .02270 .02890 .00230 | .5415 | 104 | .234 | .0105
IT=23.3°C R = 21,300 .305 12,040 | .2020 | .0990 |1.374 | .1410 | .0691 | .9592 | .02860 .03819 00350 | .6822 | .112 | .228 | .0099
D =0.1037 ft F=1.13 161 {1.720 | .2560 | .1488 [1.742 | .1660 } .0965 {1.1290 | .03720 .04636 .00650 | .8874 | .102 | .175 | .0087
V= 2.01 fps C/Vg =13.6 .083 [1.490 | .3080 | .2067 | 2.095 | .1980 | .1329 |1.3470 | .03910 .05067 .00910 | .9327 | .091 | .136 | .0063

TABLE lc. — 20-centimeter-wide flume, rigid boundary, %;-inch rock roughness

A
Mean Flow Parameters - | /= - z
: ¥/D 7 Wz |/ —;/u
and Variabl u ft
, ne Teriaes (£ps) | (£ps) (e
S = 2.44x1073 U, = 0.0866 fps 0.118] 0.400 | 0.171 | 0.428 0.0061
W= 0.656 ft T = 0.0146 1b/ft? .252| .e20| -187 | .302 0081
Q = 0.0742 cfs v = 0.967%1075 g2 161 | .220

315,904 fr?/sec| .386| .730| - .0104
= 24,9 °C R = 8,240 .555) .850| .159 | .187 L0118
D =0.135 fr F = 0.399 722] .940] .138 | .147 l0126
V = 0.833 fps C/Vg= 9.62 .891) 1.000] .121 | .121 L0136
.975| 1.0207 .136 .133 L0197
2cm Rt €| .975(1.070 .117 | .109 | 1.350| .157| .168 -%117536
4em Rt €| .975] 1.120] .096 | .086 | 1.110| -137] .153 R
6cm Rt £| .975| 1.000| .118 | .118 { 1.362( -075[ .075 -0184

8cm Re g .975{ .760| .102 | .13 | 1.176 | 041 .031 | -
§ = 8.18x107° U, = 0.159 fps .060( .390| .184 472 1.157 .043 [ .017 .0033
W= 0.656 ft T = 0.049 1b/ft? .172| .778| .245 | .316 | 1.530 | .038| .030 | .0062
Q = 0.1363 cfs v = 0.967x10" ftZ/seC .302 .990 . 241 .252 1.515 .130 129 .0076
T = 24.9 °C R = 15,200 L4741 1.240| .237 | .191 | 1.490 | .102| .126 | .0095
S FrAbe i R e g
V= 1.5% fps o = 9.61 t957]1.720] .192 | 111 | 1.206 -1 - .0145
2cim Rt £ .9571.820} .185 .102 1.163 .110 [ .200 .0170
4em Rt £| 957 1.920 | .155 | .081 .975 .030 | .058 -0148
6cm Rt £ .957|1.730| .153 | .089 963 [ .037| .064 | .0140
Bem Rt £) 957 1.320| .138 | .105 .868 | .049 | .065 | .0128




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 1c. — 20-centimeter-wide flume, rigid boundary, 3-inch rock roughness — Continued

Mean Flow Parameters 17 7 v/ z /:—f—/ﬁ
and Variables u
(fps)| (fps)
§ = 15.6x10~° U4 = 0.219 fps 146 .850] .335 | .394
W = 0,656 ft T = 0.093 1b/ft? 244 | 1.190 | .347 | .292
Q = 0,1836 cfs Vv = 0.967x10" % ft?/sec | .366| 1.650| .350 212
T =24.9 °C R = 20,500 529 2.000| .304 | .152
D = 0.135 ft F = 0.993 .691] 2.280 | .276 | .121
¥ = 2.070 fps C/Vg = 9.44 .854 | 2.450 | .217 | .089
.877) 2.490| .208 | .084
2em Rt § | .877|2.530| 230 | .go1
4cm Rt €] .877] 2.720| 176 | .oes
6cm Rt £ <877 | 2.540 | q64 .065
8m Rt ¢ | -877] 2.1401 169 | 079
S = 18.5x10-3 Ux = 0.214 fps .225] 1.220 | .354 .290 1.654 L047 | .057 -0076
W = 0.656 ft T = 0.089 1b/ft? .394( 1.660 [ .328 | .198 | 1.533 L075( .124 | .0094
Q=0.1183 cfs v = 0.967x107° ft?/sec| .561( 1.960( .262 | .134 | 1.224 .044| .086 | .0107
T = 24,9 °C R = 14,250 .730} 2.200] .235 | .107 | 1.097 .085| .187 | .o127
D = 0.101 fr F = 0.992 .933} 2.380 .188 | .079 .878 080 .190 | .0143
V =1.790 fps C/Vg = 8.36
2cmre g 9332220 217 | 098 |r.o1s .108) .240 | .0142
4bem Rt | -921) 2.200| -190 | .083 | .888 .077| .176 | .0148
6em Re §| 921} 2.400 152 1 .064 | .713 .061| .146 | .0136
gem Re | -921] 1.900 -163 [ .086 [ .764 .036] .068 | .0110
S = 8.13x10-°  Us = 0.141 fps 324 .725| .186 |.257 Ji.320 163| .118 | .0061
W= 0.656 ft T = 0.0389 1b/ft? 471 L97s| .177 | .18 fi.2s3 .170( .165 | .0073
Q = 0.0848 cfs v = 0.967x10 ft?/sec | .618( 1.190| .161 {.135 [1.140 144 171 | L0094
T = 24.9 °C R = 10,220 .765) 1.330 | .149 |.112 [1.056 .11 .148 | .0107
D = 0.100 ft F = 0.719 .961| 1.490 | .123 |.083 | .873 J149( .222 | .0132
7 = 1.290 fps C/Vg = 9.13
2em Re g | 961 1.470| 139 |.094 | .986 (149 .219 | .0119
4em Re §| 961 1.520 [ .123 |.081 | .873 .090| .136 | .0128
bem me §| +961; 1.480 .138 |.093 | .978 - . .0125
Bcm Rt f| 961} 1.140 2127 [.111 f .902 -- -~ | .o103
s =2.53x10"° U, = 0.079 fps 0.125 | 0.280| .096| .343 |1.216 -- - 0.0045
W= 0.656 ft T = 0,0121 1b/ft? .312 .510 099 .194 |[1.253 - - .0070
Q= 0.0351 cfs v = 0.967x10~° ft2/sec| .500 [ .650] .080| .123 [1.012 | .130 | .085 .0089
T = 24.9 °C R = 4,250 .688 | .710| .075 .106 | .948 - - .0091
D = 0.100 F = 0.298 .950 | .785| .066| .084 | .836 - -- .0098
5 = 0.535 fps C/Vg = 6.76
2cm Rt ] .950 2775 .064 | .083 .812 .172 .133 .0106
4em RE £ .950 . 790 .058 | .074 .735 .152 .120 .0114
6cm Rt ) +950 | .770| .056 | .073 | .708 - -- .0106
8em Rt { .950 | .s9s| 070 ( .118 .886 | .o08s .051 .0097
§=2.42<107 U, = 0.065 fps 139 | .130| .043| .330 | .660 120 | .016 0032
W= 0.656 ft T = 0.0084 1b/ft? .372 | .300| 048] .160 | .740 } 376 | 035 0064
Q = 0.0215 dfs Vv = 0.967X10"° £¢2/gec| .605 .408| -065( .159 11.000 - - .0062
T = 24.9 °C R = 2,820 .837 | 455 058 .127 | .893 - - .0084
D = 0.066 ft ,}3 = 0.342 .954 | .468| 060} .128 | .922 . - .0106
7 = 0.499 £ps c/Vg = 7.6
2em Re ¢ 954 | .438] .o045| .103 | .694 - - .0088
4em RE .954 495 .042 | .085 .648 <172 Q85 -0073
6em Rt £1 .954 | .460] .042| .091 | .648 .152 | .070 .0098
8cm Rt £] .954 4181 .031| .074 477 - - 0086
S = 8.14x107% y = 0.119 fps 270 | Je62| .175] .265 (1.472 085 | .056 0082
W= 0.656 ft T = 0.0278 1b/ft? 461 | .820| .143] 174 f1.201 .120 | .098 0074
Q = 0.0351 cfs Vv = 0.967x10"° ft?/sec| .654 | .940| .121{ .129 (1.018 .116 | .109 .0102
T =249 ° R = 4,600 .846 | 1,020 .118] .116 | .992 . . .0116
D = 0.066 ft F = 0.559 .943 | 1,030 .118] .115 | .992 .120 | .12 .0108
7 = 0.814 fps ¢//g = 6.81
2em Rt €| .943 | .960 (116 | .11 .0101
4em RE E .943 | 1.060 :83; ;333 :;22 071 | .075 .0099
6cm Re £| -943 | 1.020( 103 .101 | .868 - - .0109
Bom Re £ +943 | 970 .099| .102 | .832 - - o137
S = 18.5x10 3 y. = 0,181 fps .283 | 1.070 ,253 .236 [1.398 .072 .077 .0072
W = 0.656 ft T = 0.0635 1b/ft? 472 f1.320F  .248] .188 }1.370 .022 | .028 .0074
Q = 0.0438 cps v = 0.967x10° ft2/sec| .660 | 1.500| .212| .141 [1.171 .036 | .054 .0086
T = 24.9 °C R = 5,760 .850 | 1.620| .188] .116 {1.039 021 | .034 .0093
D = 0.066 ft Ao 0601 .925 | 1.650| .185) .112 |1.022 .036 | .059 .0103
7 = 1.010 fps C/Yg = 5.56
2cm Rt £1] -925 | 1.500 .167 L1111 .924 .021 .032 .0099
4em Rt £) .925 [ 1.600( .168| .105 | .938 .022 | .035 .0098
6em Rt g -925 | 1.620 .188]  .116 1.039 - - .0167
Bem Rt £ -925 | 1.570| .140| .090 776 .022 | .035 .0090
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TABLE 2. — 20-centimeter-wide flume, alluvial boundary, yawed-film results

7 vz i Measured | Calculated | __ - l T L, Ay
Mean flow parameters 7 u? = — v? = =, b o wo/2| wofu?
R 20 | sy | e o 2 7 R =T | Y= oo | sy /7 /%) see) | (E0) | (£0)
Flume Centerline, Incipient Motion
0.910 [0.790 {0.0477 [0.061 |1.265 [------ 0.00035
.770 | .750 | .0483 | .065 |1.280 - .00090
670 | .730 | .0496 | .068 |1.316 .00129
" 630 | .720 | .0524 | .073 |1.301 .00145
0.471x10° U, = 0.0377 fps .500 | .700 | .0583 | .084 |1.545 .00195
0.632 ft T = 0.00349 1b/fr2 .480 | .690 | .0588 | .085 [1.560 .00203
0.057 cfs v = 0.942x10% ft2/sec| .300 | .660 | .0630 | .096 |1.673 .00238
22.2 °c R = 10,700 .350 | .640 | .0672 | .105 |[1.775 .00254
0.133 ft F =043 220 | .610 | .0759 | .124 (2,013 |--==-= |=-==== [ =mmmen | aooooe .00305
0.68 fps /g = 18.04 170 | .580 | .0781 | .135 [2.074 | .0454 | .0783 |1.2040 | .00274 .00324
0.196 mm (100 | .520 | .0870 | .167 |2.308 |----nn |<cmmoo | mmmmen | cmmanas .00352
.080 | .490 | .0860 | .175 [2.281 | .0442 | .0902 |1.1720| .00306 .00360
.030 | .400 | .0899 | .224 [2.381 |-=cc=s | -mecoe | —mmmen | mmmmome .00379
Flume Centerline, Natural Flatbed
0.810 {2.570 [0.1240 |0.048 [1.060 {------ |=---== |-==mes | -moooen © | 0.00724
5 700 2.520 | .1390 | .056 |1.188 |0.1080 |0.0429 | 0.9230 | 0.01080 .01140
S = 4.33x10 Uy = 0.117 fps 580 (2,440 | .1480 | .061 {1.265 |-----= [=====n [ ====om | —mcemes .01600
W =10.632 ft T = 0.038 1b/ft .460 [2.340 | .1700 | .073 |1.453 | .1150 | .0491 | .9829 | .01610 02060
@=0.212 cfs v = 1.026x10° ft¥/secl 340 17220 | (1830 | .084 |1.581 .02510
T=222°% R = 29,300 .230 [2.040 | .1960 | .097 |1.675 .02930
D = 0.141 ft /E= 1.00 170 [1.920 | .2070 | .108 |1.769 .03160
V=2.38 fps C /g = 20.34 110 (1,730 | .2230 | .129 ]1.906 .03390
Dsp = 0.196 mm .050 [1.400 | .1920 | .138 |[1.641 .03620
Flume Centerline, Incipient Motion
0.941 [0.800 (0.0453 [0.057 [1.102 |-=---= |[=-m=== | =memmm [ =mmeee- 0.00030
795 | .803 | .0491 | .061 [1.197 {0.0327 {0.0410 | 0.8020 | 0.00890 .00104
_ 653 | .782 | .0536 | .068 [1.306 |-=-=-- |-===o= | -momes | —mmmems .00175
S = 0.57x10% U, = 0.041 fps .508 | .752 | .0561 | .074 [1.369 | .0379 [ .0s10| .s260| .01920 .00248
W=0.632 ft T = 0.0004 1b/ft? .392 | .723 | .0588 | .081 |1.435 | .0417 | ,0580 |1.0170| .02140 .00307
@ =10.062 cfs v = 0.868x10° ft?/sec| .293 | .701 | .0685 | .098 |1.667 | .0457 | .0650 |1.1140 .02660 .00357
T =30.0 °C R = 9,600 .220 | .666 | .0766 | .115 |1.868 .0490 | .0730 |1,1930| .03020 .00394
D =0.142 ft F=0.37 L161 | .624 | .0824 | 132 |2,011 |---=-= [ ==meen | mmemmn [ smmmes .00424
V=0.720 £t C /g = 17.56 119 | .580 | .0895 | .154 |2.178 .0544 | .0940 | 1.3230| .03650 00445
Dgp = 0.38 mm .075 | .548 | .0929 | .169 [2.267 | .0595 | ,1086 | 1.4500| .03450 .00467
046 | .482 | .0999 | .207 [2.440 |--ccoc |-mmmes | mmmmas | mmmomee .00482
Flume Centerline, Natural Flatbed
p.762 (3.310 [0.1880 |0.056 [1.101 |0.1360 {0.0410 | 0.7950 | 0.01950 0.01960
5 643 13,220 | .2340 | .072 [1.370 [-=---- |=----- IR .02940
§=9.10x10° U, = 0.171 fps .524 (3.160 | .2570 | .081 |1.501 .0592 [1,0920| .03350 103920
W= 0.632 ft T = 0.0823 lb/fe? 405 [3.030 | .2880 | .095 |1.682 |=mmn- | =memem | 2ocmon | mmmmmes .04900
@=0.243 cfs v = 0,868x10° ft?/sec| 310 |2.910 | .3220 | .111 [1.884 | .2700 | .0926 |1.5761| .04540 .05680
T =30.0 °C R = 46,300 .226 |2.680 | .3490 | .130 |2.042 .06370
D=0.145 cfs  F=1.28 167 [2.490 | .3600 | .144 |2.109 .06860
V= 2.66 fps C Vg = 15.56 119 (20150 | 3740 | 173 |2.186 .07250
Dsg = 0.38 mm .083 |1.960 | .4080 | .208 |2.385 | .2970 | .1514 | 1,7380( .06500 .07550
Flume Centerline, Artificial Flatbed With Sediment Motion
0.950 ]2.580 [0.1020 |0.040 [0.835 |------ [------ | -cmeon| —mooee- 0.00208
830 [2.530 | .1100 | (043 | .904 |-----= |-=---- | -comoef omeeee .00706
5 710 [2.470 | .1300 | .053 |1.066 |0.0980 |0.0400 |0.8040 | 0.01030 .01200
5 = 4.86x10 Uy = 0.122 fps 590 [2.400 | .1380 | .057 [1.130 |-ceeoe {=m-mee | —memo | mmmmee .01700
W =0.632 ft T = 0.0415 1b/ft 470 |2.310 | .1430 | .062 |1.172 | .1020 | .0440 | .8350| .01480 .02200
@=0.209 cfs v = 0.942x10° ft?/sec| (350 (2.200 | .1540 | 070 |1.263 | =oeee | <imon | ccmoe ] cimmeas .02700
T =26.1°C R = 30,000 .230 12,050 | .1770 | .086 |1.449 | ,1220 | .0590 | 1.0000| .02020 .03200
D =10.137 ft F=0.98 170 {1.930 | .1980 | .103 [1.622 | --=con | mo=mom | cccceo| —mecaae .03450
V=239 fps C /g = 19.59 .120 11,770 | .2060 | .116 |1.689 1420 | .0800 | 1.1630 | .02430 03660
Dsy = 0.196 mm .080 |1.650 | .2220 | .135 [1.820 | ==---= |======| =m=-es| —-mmaee- .03820
.060 (1.440 | .2310 | .160 {1.890 | .1600 | .1111|1.3110| .03160 .03910
040 [1.340 | .2570 | .192 [2.108 |--==== [ -===== | mommmo| mmeooe- .03990
Flume Centerline, Artificial Flatbed Without Sediment Motion
0.910 [2.440 0.0940 |0.0390 | 0.776 | <=cce | oo | comece | mecmmaee 0.00363 [=-c-mmm |mmmmen | mmemef eemen] oo
.790 2.380 | .1090 | .0460 | .900 | 0.0890 | 0.0370 | 0.7350 | 0.00980 .00847 |0.00089 | 0.3450 | 0.123[ 0.293| 0.0083
S = 4,86x103 U, = 0.121 fps .670 12,280 | .1160 | .0510 | .958 | —mecce | ccmmcc| cccmen | mmemeee 01330 |-wemmme | mmmmoe | cmemn| mcmem| cmmeee
W= 0.632 ft T < 0.0403 1b/£t? .540 (2,120 | .1290 | .0610 | 1.066 | .0960| .04s0| .7940| .01720 .01860 | .00197 | .6056 | .147| .312] .0086
Q = 0,181 cfs v = 0.942x10° ft2/sec| +420 (2.020 | .1520 | .0750 | 1,256 | =--=== [ =====s | =mm-oo [ —oeemee 02340 |=m--me- | meomes | mmeosf mmees| moeeo
T = 26.1 °C R = 27,400 .300 {1.890 | .1790 | .0950 | 1.477 | .1370| .0730|1.1350| .02400 .02820 | .00346 | .8450 136| .257| .0079
D= 0.133 ft F=0.94 .170 1.780 | .2020 | .1130 | 1.672 [ ~=-=-= | ====== | =====| ==ammen 03350 [-mm-m=- [mmmmes | emoenf eoone] mieen
V=215 fps c/vg = 17.76 .110 |1.670 [ .2040 | .1220 [ 1.690 | .1440| .0860|1.1900| .02810 .03590 | .00519 | .9893 | .122| .204| 0065
Dso = 0.196 mn .080 [1.470 | .2290 | .1560 | 1,894 | --~--= | -==-=-| -=-oe- B T e e B el Hn] T
.040 |1.320 | .2590 | .1970 [ 2.140 | ~-==e- | ~ommme | coeee- R e e B e T
Flume Centerline, Artificial Flatbed With Sediment Motion
o.zg; 3.190 [0.2330 [0.0730 | 1.170 | 0.1230 | 0.0390 | 0.7350( 0.01760 0.01800 0.00089 |0.3253 | 0.130| 0.415| 0.0083
_ 3 R . 3.070 | .2700 | 0880 | 1.350 | =m-won| cmmmoe | mmmen| cemeee 03180  {=ccmmmm | mccmmn | —comm
;5,: g-zgwﬁ U; = g-ég;zfll’z/ﬂz .492 (2.960 | .2840 | .0960 | 1.420 .02930 .03920 | .00172 | .5414 | -----
iy = 9. A .396 {2.860 | .2920 | .1020 | 1,460 | ======| =====-| ======f --o--es 04670 |====-== | -==--- 145 .415| 0077
92055, cts v = 0902000 £e¥/sec) 277 12.670 | 3060 | .1140 | 1.530 .03860 .05580 | .00279 | 7134 | -ccec| coeof —i-mo-
HE yod ig 158 (2.380 | .3120 | .1310| 1.560 .05020 .06500
b-=o. gl 098 12.140 | .3250 | .1520 | 1.947 | --=--= | ====== | —meom ] aoemaes .06970
V=20921ps C/vg=17.48 .067 11.940 | .3470 | .1790 | 2.081 .06100 .07210
Dsg = 0.38 mm 038 |1.650 | .3690 | .2240 | 2,202 [ =-=-o= | mmmemm | cmemen | oeoos .07430




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 2. — 20-centimeter-wide flume, alluvial boundary, yawed-film results — Continued

B35

- 53 = Measured | Calculated T L by
Mean flow parameters U u2 — — v — — — — —i=o| =2 E x x
and variables 1/p (fps) | (fps) /;/U "u_z/u* (fps) ',;/ﬂ- 'C; Uu (13571;!‘-2) (lb‘s’/;zz) uu/U uv/U* (sec) (ft) | (ft)
Flume Centerline, Artificial Flatbed Without Sediment Motion
0.741 [3.200 |0.1460 [0.0460 | 0.868 | 0.1060 | 0.0330| 0.0632| 0.01890 0.02030 |0.00095 | 0.3452 | 0.130| 0.416/ 0.0081
5 = 8.97x103 U, = 0.168 fps .565 (3,040 | .1680 | .0550 | 1.000 1210 0400 .7200| .03120 .03410
W= 0.632 ft T = 0.0783 1b/ft? .389 [2.820 | .1850 | .0660 | 1.100 | -=====| ===-== | --c-=c| —ece-o- .04790
Q = 0.253 cfs v = 0.942x10% ft3/sec| .272 2,610 | .2120 | .0810]| 1.261 .0610| .9530| .05000 .05700
T =26.1°C R = 35,400 155 {2,280 | .2500 | .1100| 1.487 .0780 [ 1.0600{ .06050 .06620
D = 0.140 ft F=1.12 .096 {1.980 | .2910 { .1470{ 1.735 0960 | 1.1320| .06600 .07080
V= 2.8 fps C/Vg = 17.02 .054 (1,650 | .3200 | .1940} 1.905 | --==--| -=---- | --m--- | -oo-eo- .07410
Dsg = 0.38 mm .038 11.440 | .3670 | .2550 | 2,186 | ~==--- | "--ooo | mwotoo | mooooes .07540
Flume Centerline, Dune Trough
5 = 1,75x103 U, = 0.077 fps 0.863 0.920 |0.0984 |0.1070 | 0.937 | 0.0635( 0.0690( 0.8247 0.01800 0.00293 10.01100 | 0.1570 | 0.115] 0.106] 0.0076
W=10.632 ft T = 0,0214 1b/ft2 .728 | .870 | .1110 | .1280( 1.057 .0792| .0910{ 1.0290( .03500 .00582 .0239%0 | 3050 | --=-=| =-moof me-me-
-z 0.072 cfs v = 1.026x10° ft?/sed ss | .780 | .1370 | .1760 | 1.305 | .0983| .1260| 1.2770| .04500 .00959 03810 | .3910 .145|  .113] .0081
T =22.2 °C R = 13,100 .381 | .580 | .2160 | .3720] 2.057 | .1180| .2034| 1.5320| .05600 01320 | .08580 { .4870 [ .170{ .099/ .0072
D =0.196 ft F=0.27 .289 | .350 | .1000| .2870 .9s2 .0684 | .1954( .8883| .06700 .01520 28190 | .5830 | ----=] --o-of -om-o-
¥ =0.728 fps 0/@ = 9.45 223 | .140 | .0330 | .2360| .314 ,0200| .1429| .2597| .07900 .01660 20780 | .6870 .115| .016| .0051
Dsg = 0.38 mm D = 0.157 ft
Flume Centerline, Dune Crest
S = 1.75x103 U, = 0.077 fps 0.817 {1.000 [0.1180 {0.1180 {1.436 | ---=ve | —mcmon | ccecan | commos 0.00240 .095| .095] .0091
W= 0.632 ft T = 0.0131 ib/ft2 680 | .960 | .1210 | .1260 | 1.472 1Y U J R PSS R R S
Q = 0.072 cfs v = 1.026x105 ft2/sec| .542 | .940 | .1260 | .1340 | 1.533 200600  [-=--=-= [-=-s=ss | ssessp eseeo) ooeooe
T =222 °C R = 8,000 .405 | .890 | .1310 | .1470 [1.594 .00780 135 .120] .0088
D =0.120 ft F=0.35 .268 | .870 | .1380 | ,1590 | 1.679 00959 |-mmemme |emmemn | comen| ameof aeeeal
7 =0.728 fps C/V/g = 9.45 131 | .840 | .1460 | .1740 | 1.776 .01140 .145( 122 L0064
Dgo = 0.38 mu D = 0.157 ft
TABLE 3a. — 2-foot-wide flume, rigid boundary
Mean Flow Parameters - = T L A
i w | T 3 /——/ﬁ =y E z x
R u 22 2
ang anablfs (fps) | (£ps) u u /‘ (sec) (ft) (ft)
1/8-Inch Block Roughness, Channel Centerline
0.900 [1.170 [0.106 | 0.091 | 1.072 | 0.660 | 0.770 o.gleo
- .800 [1.170 | .136 .106 | 1.378 .720 .840 -0153
- 3 =
BIlSeR Uz l.0ose dpe .700 11,120 | .142 | .126 | 1.436 | .800 | .se0 | .0144
Q= 0815 of r= 0'930x165/ft2 .600 (1,100 | .151 137 | 1.529 | .780 | .860 | .0131
PR R - 44 500 t*/sec .500 {1.020 | .150 .147 | 1.518 | .760 | .770 | .0126
D= 0415 £t Foo37a .400 | .970 | .156 .161 | 1.580 | .800 | .770 .0097
Vo100 f0s C/Yp - 10-14 .300 | .900 | .161 178 | 1.630 | .750 | .680 .0103
00 2p g = 10. .200 | .880 | .169 .192 ¢ 1.711 | .610 | .540 | .0083
100 { .710{ .178 .251 | 1.806 | .840 | .600 | ~=we-
1/8-Inch Block Roughness, Channel Centerline
0.900 {2.200 |0.171 | 0.078 | 0.982 | 0.380 | 0.840 | 0.0196
. .800 |2.100 | .173 .082 | .996 .530 | 1.110 .0183
S = 3.10x10 Up = 0.174 fps .700 |2.030 | .186 091 | 1.071 | .640 | 1.300 .0161
W= 1,96 ft T = 0.0562 l_g/ft .600 (1.970 | .207 .105 | 1.189 .260 .510 .0165
Q= 1.42 gfs v = 0.930x10° ft2/sec .500 11.890 | ,205 .108 | 1.178 .280 .530 .0143
T = 26.5 °C R = 77,900 .400 |1.730 | .217 125 | 1.246 | 400 .690 .0147
D =0.415 ft F = 0.449 300 11.680 | ,231 137 | 1.324 | 330 | .550 .0128
V=1.75 fps C/¥g = 10.23 .200 {1.520 | 245 161 | 1.410 | .500 | .760 .0122
.100 |1.340 | .289 .216 | 1.662 | .540 .720 .0101
1/8-Inch Block Roughness, Channel Centerline
0.800 {3.210 }0.257 | 0.080 | 0.996 | 0.095 | 0.310 | 0.0226
§ = 7.20x10% U, = 0,258 fps 700 |3.110 | .264 .085 | 1.023 .410 | 1.270 .0213
W= 1.96 ft T = 0,128 1b/ft? .600 (3.000 | .288 .096 | 1.117 .390 | 1.170 .0209
Q= 2.14 cfs v = 0.930x10°% ft2/sec .500 [2.860 | .287 .095 | 1.112 .330 | .940 .0216
T = 26.5 °C R = 117,700 .400 |2.700 | .324 .120 | 1.258 .440 | 1.180 .0193
D = 0.410 ft F=0.734 .300 (2,610 | .360 .138 | 1.396 .420 | 1.100 . 0185
V =2.67 fps C/Vg = 10.21 .200 {2.410 | .395 .164 | 1.534 | .380 | .910 .0169
.100 12.030 | .380 .187 | 1.471 .360 | .730 .0122
1/2-Inch Block Roughness, Channel Centerline
— 0.900 [1.160 (0.174 | 0.149 [ 0.979 | 0.510 | 0.580 | -
S = 3.40x10 0.1775 fps .800 {1.140 | .188 .165 | 1.101 .540 .610
W= 1.96 ft 0.0611 1b/ft? .700 }1.110 | .202 183 | 1.138 | .470 .520
Q = 0.815 cfs 0.930x10% £t?/sec 600 1.060 | 204 0193 | 1.150 | .680 .720
T = 26.5 °C 44,800 .500 (1.090 | .230 .211 | 1.296 | .290 .320
D = 0.409 ft 0.282 .400 [1.020 | .248 .243 | 1.396 | .510 .520
V = 1.02 fps 6.17 .300 [1.000 | .240 .240 | 1.354 | .480 | .480
.200 | .800 | .248 310 | 1.396 { .370 | .300
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TABLE 3a. — 2-foot-wide flume, rigid boundary — Continued

Mean Flow Parameters - /= T L A
; /D 7 2 ]/ /U = L
and Variables (£ps) (f;s) w2l (sec) | (£8) | (£r)
1/2-Inch Block Roughness, Channel Centerline
0.900 |2.420 |0.256 | 0.106 | 0.958 | 0.470 | 1.140
. .800 |2.420 [ .262 .109 | .983 | .510 | 1.230
S = 7.63x103 0.267 fps .700 {2.330 | .264 J113 ) .990 760 { 1,770
W= 1,96 ft 0.138 1b/ft? 600 [2.260 | .281 .125 | 1.052 .600 | 1.380
Q = 1.42 cfs 0.930x10°% ft2/sec .500 [2.090 | .285 136 | 1.067 .620 | 1.290
T =26.5°C 77,900 .400 |1.940 | .296 .153 | 1.110 .450 .870
D= 0.414 ft 0.481 .300 }1.830 | .308 .168 | 1.152 .540 | .990
V=1.75 fps 6.65 .200 [1.600 [ .342 .214 | 1.281 | .380 | .6l0
.100 | .730 [ .313 .428 | 1.176 | .470 | .340
1/2-Inch Block Roughness, Channel Centerline
0.900 |3.110 10.303 | 0.087 |0.834 |0.330 | 1.030
5 = 14,00x163 U, = 0.364 £ps .800 (3.030 | .318 .105 .875 .500 |1.510
W=1.96 ft T = 0.256 1b/£t? .700 |2.920 | .318 .108 | .875 | .530 |1.550
Q= 2.14 cfs v = 0.930x105 £t2/sec .600 [2.780 | .355 .128 | .975 | .550 |1.530
T = 26.5 °C R = 117,200 .500 |2.600 | .381 .147 |1.050 | .630 | 1.640
D= 0.433 ft F=0.67 .400 |2.350 | .386 .164 | 1.060 .370 .870
V= 2.52 fps C/Vg = 6.94 .300 {2,050 | .399 .194 | 1.095 .200 410
.200 |1.670 | .352 217 | .969 | .380 .630
.100 |1.080 | .372 .344 | 1.020 | .240 .260
1 1/8-Inch Block Roughness, Channel Centerline
- 53 - 0.900 (1.410 [0.220 | 0.156 |1.043 |0.460 | 0.650
‘3= i:ggxig U; - g'gg fgjftz .800 |1.330 | .222 .168 | 1.062 .520 | .680
Q- 0.815 cfs v - 0.930x165 ft2/sec .700 |1.220 | .227 .186 |1.070 .500 610
7 - 26.5 °C R - 46.000 .600 [1.150 | .228 .198 |[1.086 450 | .520
D= 0417 ft F-o2379 .500 {1.040 | .228 .219 |1.086 .440 | .460
V=1.03 fps C/Vg = 4.83 .400 | .920 | .228 .249 (1,086 | .470 | .430
0% P g=% .300 | .890 | .213 250 [1.006 | .370 | .330
1 1/8-Inch Block Roughness, Channel Centerline
5 = 15.00x103 U, = 0.380 fps 0.900 |2.640 |0.390 | 0.148 |1.025 [0.260 |0.690
W= 1.96 ft T = 0.271 1b/ft2 .800 [2.400 | .389 163 | 1.020 .150 .360
@ = 1.42 cfs v = 0.930x105 £t2/sec .700 {2.150 | .414 193 [1.090 | .460 | .980
T = 26.5 °C R = 77,900 600 |1.990 | .432 217 | 1.138 310 | .620
D = 0.414 ft F =0.479 .500 [1.870 | .422 226 {1.110 360 | .670
V= 1.75 fps C/Vg = 4.66 .400 |1.660 | .410 .247 {1.078 .270 .450
.300 [1.420 | .395 .278 | 1.040 | .310 | .440
1 1/8-Inch Block Roughness, Channel Centerline
S = 29,6%10%5 U, = 0.535 fps .800 (3.880 [0.623 | 0.161 [1.165 |0.220 |0.850
W= 1.96 ft T = 0.552 1b/ft? .700 [3.780 | .640 170 | 1.195 240 | .910
Q = 2.14 cfs v = 0.930x105 ft2/sec .600 |3.520 | .675 192 | 1.260 .370 {1.310
T = 26,5 °C R = 117,300 .500 [3.330 | .678 .204 | 1.260 | .440 |1.460
D =0.430 ft F = 0.683 .400 [3.010 | .719 .239 | 1.345 | .370 |[1.110
V = 2.54 fps C/¥g = 4.76 .300 [2.670 | .705 .265 |1.320 | .180 | .480
TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow
Mean Flow Parameters 77 717% E/ﬁ N lu Ty Ly Az
d Vari B
and Variables (eps) | (£ps) u u (sec) | (ft) (ft)
1 1/8-Inch Block Roughness, Channel Centerline, Station 5
S = 5.04x163 U, = 0.216 £ 0.898 [1.445 [0.174 | 0.120 |0.806 | 0.124 | 0.179 | 0.0086
¥ = 1.96 £t * 200128 1oyge2 .796 [1.445 | .175 121 | .810 | .126 [ .182 | .0092
Q= 0.78 ofs v = 1.068%10° ft2/sec | 694 [1.415 | .181 .128 .838 .140 .198 | .0083
2 =21 °¢ R = 37,247 .592 [1.400 | .177 126 | .819 .128 .179 | .0081
D = 0.408 ft F = 0.269 .490 [1.340 | .197 147 | .12 142 .190 | .0085
V= 0,975 fps C/Vg - 4.514 .388 [1.170 | .217 .185 | 1.005 .135 158 | .0079
.286 | .960 | .199 207 | .921 .160 .153 | .0063
1 1/8-Inch Block Roughness, 6 Inches From wall, Station 5
S = 5.04x103 U. = 0.216 £ 0.898 [1.500 [0.167 | 0.111 |0.773 | 0.131 | 0.196 | 0.0074
W= 196 ft 1200128 1byee? .796 [1.485 | .165 J11 | 764 | 135 | .200 | .0076
9 = 0.78 cfs v = 1.068x10° ft2/sec | -694 [1-390 | .163 117 .758 .132 184 | .0071
7= 21 °C R = 37,247 .592 [1.330 | .178 134 | .824 142 189 [ .0072
D = 0.408 £t F = 0.269 .490 [1.285 | .242 .188 [ 1.120 .125 .161 | 0087
V= 0.975 fps C/Yg = 4.514 .388 1.195 | .223 .187 |1.032 .132 .158 | .0081
' .286 | .990 | .232 .234 1,074 138 .137 0075
1 1/8-Inch Block Roughness, Channel Centerline, Station 10
S = 5.04x103 U, = 0.217 £ps 0.898 |1.195 |0.120 | 0.100 | 0.553 | 0.126 | 0.151 ( 0.0102
W=1.96 ft T = 0.130 1b/ft? 796 1.195 | .136 114 | 627 117 ] L1490 | L0109
Q= 0.78 cfs v = 1.068x105 ft2/sec | +69¢ |1.125 | .142 126 | .654 .142 | .160 .0094
r<21.1 °C R = 37,278 .592 |1.090 | .171 157 | .788 154 | .168 .0112
D = 0.413 ft F = 0.264 .490 [1.070 | .167 156 | .770 1370 147 .0094
V= 0.964 fps C/Vg = 4.442 .388 | .940 | .175 .186 .806 119 ] 112 .0081
.286 | .900 | .212 .23 | .977 30| .17 L0067




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

— T L X
Mean Flow Parameters = — - E x x
P o | T 2z | =) =) £
and Variables )| (Fps) w u / (sec) | (ft) (ft)
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 10
5 0.898 [1.620 [0.205 | 0.127 | 0.945 | 0.147 | 0.238 | 0.0098
= 3 =
‘Z, : i‘gg"}g ”; - g'ﬂg fgj&z 796 |1.620 | .239 .148 | 1.101 | .148 [ .240 | 0105
Q= 0.78 cfs v = 1.068x105 £t3/sec 694 11,580 | .259 .164 | 1.194 .120 .190 -0097
7o 211 °C R = 37,278 .592 |1.420 | .235 .165 | 1.083 .130 184 . 0094
D = 0.413 ft F - o0.264 .490 {1.340 | .253 189 | 1.166 134 | .180 | .0087
7 = 0.964 fps C/Yg = 4.442 .388 |1.140 | .262 230 | 1.207 | .133 [ .152 | .007
=5 s g =4 .286 | .900 | .212 236 | .977 137 | .123 | .0066
1 1/8-Inch Block Roughness, Channel Centerline, Station 15
- 53 0.898 {1.240 [0.126 | 0.102 | 0.581 | 0.242 | 0.300 | 0.0101
e U g‘ﬂg fgjftz 2796 [1.235 | .157 | .127 | .724 | .205 | .253| .0097
Q= 0.78 ofs v - 1.068x105 £t2/sec | -694 [1.190 | .169 .42 | 779 | .362 | .430 | .0098
o211 R - 37.265 .592 1,190 | .192 161 | .885 | .317 | .377 ] .0106
b ohils s F oo 368 .490 |1.100 | .188 171 | .ses | .361 | .398 | .009
7 - 0 966 f‘ I = 4.482 .388 | .990 | .211 213 | .972 | .265| .262| .0084
=0 P g=1 .286 | .880 | .181 206 | .834 | .299 [ .263 | .0075
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 15
5 0.898 [1.570 [0.199 | 0.127 | 0.917 | 0.398 | 0.625 [ 0.0135
= 3
e Uy = 0.217 fgjftz 79 |1.570 | 208 | 132 | 959 | .37 | .54 | .0L9
Q- 078 cofs Y - 1.068x105 £t2/sec | -69% [1.560 | .232 149 | 1,069 | .347 | .542 | . 12
7o 211 o R 37265 .592 [1.500 | .213 142 | .982 | .264 | .396 | .0119
Do oLz £ F oo .490 |1.400 | .242 173 | 1.115 | .320 | .461 | .0131
720966 fps iy - 4 453 .388 [1.205 | .214 | .178 | .986 | .s1e| .622 | .0092
= 0.966 fps g=4 .286 1.010 | .197 195 | .908 .403 | .407 | .0081
1 1/8-Inch Block Roughness, Chinnel Centerline, Station 20
- 0.898 [1.300 |0.157 | 0.121 | 0.727 | 0.383| 0.498 | 0.0101
= 3 = .
Ao Up = 0.216 f{jﬁz 796 [1.270 | .178 | .140 | .s24 | .a17| .s30 | .0122
Q- 0,78 ofs = 1 068x105 Ft2/sec | -694 |1.230 | 175 142 | .810 .537 | .660 [ .0102
7 o211 e R - 37.270 .592 {1.230 | .198 161 | .917 .412 | 506 | .0104
D - 0.407 f1 o070 .490 (1,140 | .205 .180 | .949 214 | 244 .0088
V- 0978 fps C/g - 4.528 .388 {1.010 | .203 201 | .940 | .492 | .497 | .0088
=0 ps g=° .286 | .770 | .161 .209 | .745 | .751| .578 | .0072
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 20
5 0.898 [1.600 |0.209 | 0.131 [ 0.968 | 0.437 | 0.701 { 0.0123
= 3 - .
F o U e e 79 1,595 | 234 | 147 | 1.083 | 304 | 486 | L0135
co = g .694 |1.590 | .253 159 [ 1.171 | .411( .6s2 | .
3298 ss b D 308807 £eisee | Togp |1lsa0 | L275 | 178 | 1.273 | .726 | 1.117 | 0138
s 0.407 £ F o 0570 490 (1.400 | .256 .183 {1.185 | .390 | .s45 | .0117
%: 0.978 ft C/f7 = 4.528 .388 |1.270 | .242 191 | 1,120 | .271 | 344 .0100
=0 ps C/Mg = 4. .286 [{1.100 | .238 .216 | 1.102 340 | 374 .0091
1 1/8-Inch Block Roughness, Channel Centerline, Station 25
5 = 5.04x163 U, = 0.214 0.898| 1.380| 0.195 { 0.141} 0.911 | 0.392 [0.541 | 0.0115
W= 1.96 ft o1z fgjftz .796] 1.350| .220 .163| 1.028| .355 | .480 | o101
Q= 0.78 ofs v = 1.068x105 ft2/sec | -694| 1.310] 212 162 .991| .486 | .636 .0122
P =211 °C R - 37 266 .5921 1.250| .236 .189| 1.103 | ..395 | .403 .0104
D = 0.398 ft F=0.279 .490| 1.180| .235 .199| 1,098 | .413 | .488 .0087
V- 1,000 fps C/Vg = 4.673 .388( 1.120( .253 .226| 1.182| .512 | .572 .0084
. : .286| .930| .239 .257| 1.117 | .404 | .376 .0074
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 25
S = 5.04x1G3 U 214 0.898| 1.640| 0.192 | 0.117| 0.897 | 0.224 | 0.368 | 0.0133
W= l‘gsxfg : g Es f{jﬁz .796| 1.690| .219 130 1.023| 655 | 1.107 .0139
Q= 0.78 ofs v = 1.068x105 f12/sec | -694| 1.695| .221 130} 1.033 | .367 | .623 .0142
7= 211 % R - 37 266 .592 1.600] .268 .168| 1.252 | .695 | 1.111 .0126
D= 0.398 ft F-o379 490 1.520| .275 .181( 1.285 | .327 | .496 .0116
V= 1.000 fps /g = 4.673 .388] 1.345| .272 202§ 1.271| .410 | .552 .0104
. 286 1.000| .239 239 1.117 | .158 | .158 .0098
1 1/8-Inch Block Roughness, Channel Centerline, Station 30
S = 5.04x163 U = 0.215 £ 0.898( 1.380( 0.207 | 0.150( 0.963 | 0.429 | 0,592 | 0.0126
W= 1.96 £t 1 00126 1oree? -796| 1.330| .229 | .172| 1.065 | .684 | .o11 | o117
@ = 0.78 cfs v = 1.068x105 $12/sec | -694] 1.300| .238 .183| 1.107 | .676 | .880 .0123
T - 211 °C R - 37 264 .592| 1.270| .276 .217( 1.284 | .306 | .388 .0109
D = 0.402 £t F-o378 490 1.130| .238 211 1.107 | .218 | .246 .0096
V- 0,990 £ps ¢/ = 4.605 .388 | 1.050| .253 241 1.177 | .658 | .692 .0085
: 286 770 ameen | ameeo| —-ee- .348 | .268 .0079
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 30
S = $.0ax103 - o, 0.898| 1.630| 0.188 | 0.115| 0.874 | 0.468 | 0.764 | 0.0127
v et Gioomaie e 796 | 1.650| .214 | .130| 995 | .38 | .40 | 0134
Q- 0.78 ofs v - 1.068x105 £t2/sec | -694|1.635| .225 138 | 1.047 | .s01 | .819 .0143
p-211 °C R - 37,264 .592( 1,540 [ .230 149 1.070 | .382 | .589 0124
D = 0.402 £t F-o0.278 490 | 1.395( .226 162 | 1.051 | .355 | .496 L0117
V- 0.990 fps c/Vg = 4.603 .388) 1,240 .238 192 1.107 | .416 | .516 .0108
: .286| 1.010 | wooom | aoooo | oo .393 | .396 .0101
1 1/8-Inch Block Roughness, Channel Centerline, Station 35
- 0.0132
S = 5.04x163 -o. 0.898|1.380| 0.217 | 0.157 | 1.005 | 0.492 | 0.678 .
votees Gz omete .796|1.330| .249 | .187| 1153 | .344 | .458 | .0109
Q= 0.78 ofs v = 1.068x105 £t2/sec | 894 1.335| .245 184 1.134 [ .374 | .448 .0125
T=21.1° R = 37,270 .592 | 1.170| .227 .1941 1,051 [ .601 | ,703 L0121
D = 0.407 £t F - 0370 .490 ( 1.110( .235 212 1.088 | .321 . .356 . 0096
V= 0.978 fps C/lg = 4.528 .388 | 1,000 | .239 .239| 1.106 | .538 | .538 .0092
: 286 { .700| .i70 243 .787 | .457 | .326 .0084
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TURBULENCE IN WATER

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow Parameters = | /= T L A
: | T 7 /—'/- = « z
and Variables / )| crsy | T P o0 (fe) | (£e)
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 35
- 53 R 0.898 [ 1.550] 0.178 | 0.115| 0.824 | 0.267 | 0.414 | 0.0142
ol Uy = 0.216 fﬁjﬁz 796 | 1.610| .19 | .118| .sso | .333 | .53 | .0127
- 078 of o 1.068x105 £e2 .694 | 1.620( .217 | .134| 1.005 | .646 | 1.043 | .0163
oSk n D USee10% £e¥/sec | Tsop | 1lsso| (229 | 145 | 1.060 | 255 [ .403 | 0123
D = 0.407 ft F - 0.270 .490 | 1.480 | .230 | .155| 1.065 | .567 | .837 | .0132
V- 0.978 fps /v = 4.528 .388 [ 1.280 | .251 196 | 1.162 | .579 | 741 | .0121
SR g% .286| 1.030| .228 | .221| 1.086 | .304 | .313 | .0107
1 1/8-Inch Block Roughness, Channel Centerline, Station 40
- 53 . 0.898 |1.350 | 0.204 | 0.151 | 0.944 | 0.504 [0.680 | 0.0125
PN Uy = 0.20€ fgjﬁz 0796 [1.260 | .204 | .162 | .944 | .343 | .432 | .0108
Q= 0.78 ofs v = 1.068x10° £12/ .694 |1.205 | .221 .183 | 1.023 | .356 | .429 | .0123
72115 R - 37,247 se¢ | .s92 [1.060 | .215 .203 [ .995 | .342 | .363 | .01l1
D = 0.408 ft F - 0.269 .490 11.030 | .214 .208 | .991 | .494 | .s08 | .o124
V- 0.975 fps C/Yg = 4.514 .388 [ .900 | .200 | .222 | .926 | .283 | .254 | .0086
i g=- 4 .286 | (770 | .192 | .249 | .889 | .243 | .187 | .0077
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 40
- 3 . 0.898 |1.560 | 0.192 | 0.123 | 0.889 [0.255 | 0.394 | 0.0125
PR A B ) 796 [1.580 | .208 | 129 | .o44 | .268 | .423 | .0121
Q=078 cf - 1.068x10° £t2 .694 [1.580 | .218 | .138 | 1009 | .311 | .491 | .0117
TIait e BT 30007 £e¥/see | oop 10540 | 220, | (243 | 1.019 | (347 | .s3¢ | .o0l13
D = 0.408 ft F-o0.269 .490 |1.460 | .237 .162 | 1.097 | .337 | .492 | .0108
V- 0,975 fps C/Yg = 4.514 .388 |1.280 [ .252 | .197 | 1.167 | .e18 | .791 | .0097
= 0.9 P g=% .286 |1.050 [ .206 | .196 | .954 | .516 | .542 | .0089
1 1/8-Inch Block Roughness, Channel Centerline, Station 45
- 53 . 0.898 |1.295 [0.198 | 0.153 [ 0.912 | 0.233 | 0.320 | 0,0119
bz S Yo = 0.2 fﬁjﬁz .796 [1.280 | .215 | .168 [ .991 | .375 | .480 | .0123
Q= 0.78 cfs o o 1l088x105 £t2/ .694 | 1.160 | .217 .187 | 1.000 [ ,270 | .313 | 0121
7 =211 %C R o 37265 se¢ | 592 |1.030 | .189 .183 | .871 | .367 | .378 | .0116
D= 0.412 ft F - 0.265 .490 | .990 | .183 185 [ .843 | .474 [ .468 | 0108
V< 0,966 fps C/Vp - 4.452 .388 | .960 | .220 | .229 | 1.014 | .289 | .277 | .0093
700 7P g=4 .286 | .790 | .102 | .243 | .88s | .541 | .427 | .o0081
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 45
- 53 . 0.898 |1.520 |0.175 | 0.115 | 0.806 | 0.463 | 0,705 | 0.0137
P Ue = g'ﬁ;{{:jf 2 .796 {1,550 | .199 | .128 | .917 | .289 | .447 | .0136
- 0,78 of o o 1 068x105 fe2/ .694 |1.560 | ..195 | .125 | .899 | .495 | .772 [ .0138
T R 37,265 sec | 592 |1.550 | .217 | .140 | 1.000 | .300 | .465 | .0131
D= 0.412 ft F - 0.265 .490 11.475 | .233 158 | 1.074 | .269 | .397 | .0126
7 - 0.966 fps C/Ye - 4.452 .388 [1.270 | .255 | .201 | 1.175 | .431 | .sa7 | .0114
-700 Ips Cfvg = & .286 | .930 | .209 | .225 | .963 | .384 | .357 | .0105
1 1/8-Inch Block Roughness, Channel Centerline, Station 5
. 53 . 0.898 |2.360 [0.258 | 0.109 | 0.737 | 0.157 | 0.371 | 0.0133
ST IA0T Uk = 0350 fgjf 2 .796 |2.300 [0.267 | 0.116 | 0.763 | .136 [ .313 | .0127
121 of T oeaids fe2 .694 12.200 10.245 | 0.113 | 0.700 | .147 [ .323 | .0136
oLk M fsec | 592 2.100 {0.247 | 0.118 | 0.706 | .126 | .264 | .0129
D - 0.405 ft F ooz .490 |1.870 | 0.238 | 0.127 | 0.680 | .209 | .559 | .0102
7z 1524 fps C/Yg = 4.354 .388 [1.590 | .247 | .155 | .706 | .151 | .240 | .0092
<= Le5at Ips g = A, .286 | 1.300 | .223 172 | .637 | .160 | .208 | .0084
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 5
- 53 - 0.898 |2.330 |0.263 | 0.113 | 0.751 | 0.204 | 0.475 | 0.0133
5130507 U, = 0550 fg7f12 .796 [2.380 | .310 | .130 | .886 | .169 | .402 | .0136
Q<121 of S 1068105 £12/ .694 |2,400 | .350 | .146 | 1.000 | .152 | .365 | .0131
7o R o5 792 Sec | 592 {2.400 | .446 | .186 | 1.274 | .146 | .351 | .0142
D - 0.405 ft Foodz .490 [2.310 | .500 | .216 | 1.429 | .185 | .427 | .0131
V- 1524 Ve = 4354 .388 {2.100 | .509 | .242 | 1.454 | .171 | .359 | .0126
= 1.524 fps /g = 4. 286 [1.680 | .382 | .227 | 1.091 | .217 | .365 | .0113

1 1/8-Inch Block Roughness, Channel Centei‘line, Station 10

; 0.898 [2.200 [0.287 | 0.130 | 0.818
§=15.25x10° U, = 0.351 fps .796 |2.030 | .212 | .104 | .604
W= 1.96 £t T = 0.339 1b/ft 694 |1.960 | .271 138 772
Q=121 ::fs v = 1.068x10° ft2/sec ‘s92 |1.805 | (241 134 .686
Toare RSl w490 |10650 [ -260 | (158 | .741
T 1506 £ o .388 [1.500 | .269 179 | 766

= 1.506 £ps C/Yg = 4.291 .286 {1.300 | .313 241 | .892
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 10

; 0.898 |2.280 |0.224 | 0.098 | 0.638
5= 15.25x10° U, = 0.351 fps 2 796 |2.310 | .300 130 | .855
#=1.9 ft T = 0.339 1b/ft w694 |2.320 | 412 178 | 1.174
@ =1.21 cfs v = 1,068x10% ft2/sec "oz |2.320 | 440 ‘190 | 1,254
FE Roombs .490 (2,205 | 415 | .188 | 1.182
V- 1.506 £ps C/Vg = 4.291 .388 |1.905 | .462 .243 | 1.316

: P g =4 .286 |1.470 | .411 .280 | 1.171
1 1/8-Inch Block Roughness, Chanfiel Centerline, Station 15

; 0.898 |2.200 |0.295 | 0.134 | 0.836
5= 15.250° U, = 0.355 fps .796 |2.080 | .309 149 | .875
W =1.96 ft T = 0.343 1b/ft? 694 |2.030 325 160 921
Q = 1.21 cfs v = 1,068x10° ft2/sec ‘292 |1.950 | (313 ‘161 ‘887
T=21.1° R = 57,820 . . . . .

D 0.415 fo F oo 407 490 [1.770 | .299 169 | .847
7o 1488 £ Vi .388 [1.500 | .285 .190 | .807
= 1.488 fps C/Vg = 4.215 .286 [1.305 | .293 225 | .830




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES B39

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

L4 L 1y
Mean Flow Parameters 7 17z r—-_/~ — / E T z
and Variables o (fgs) (f;s) 2|0 seer | () (£t)
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 15
5= 13.2508° U, = 0.353 fps 0.898 2.360 [0.269 | 0.114 | 0.762
: 2 796 |2.380 | .265 11 | 781
W=1.96 ft T = 0.343 1b/ft
: : by .694 [2.400 | .350 146 | .992
@ = 1.21 cfs v = 1.068x105 £t2/sec
P2l sc R - 57.820 592 (2.380 | .384 161 | 1.088
Do 0.415 $t F - o407 490 [2.240 | .444 198 | 1.258
V- 1.488 fps C/Vg = 4.215 .388 [1.900 | .420 .188 | 1.190
: g =% .286 [1.560 | .415 266 | 1.176
1 1/8-Inch Block Roughness, Channel Centerline, Station 20
- 53 _ 0.898 |1.920 |0.245 | 0.128 | 0.696 | 0.319 |0.613 | 0.0131
e e iy .79 |1.810 | .236 | .130 | .670 | .206 | .53 | .0137
Q= 1.21 ofs o - 1.068x105 £t2/sec | 694 [1.680 | 259 154 | .736 | .505 | .848 | .0135
7 o211 °C R 57988 .592 |1.580 | .255 161 | 724 | .281 | .444 | .0123
D= o0.412 ft F - o1 .490 [1.510 | .271 179 | .770 | 198 | .299 | .0127
V21,498 fps Cf g = 4.256 .388 {1.360 | .288 212 | .818 | .203 | .276 | .0106
' P g== .286 1.030 | .220 214 | .625 | .427 | .439 | .o109
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 20
- 53 . 0.898 {2.500 [0.289 | 0.116 |o0.821 |0.218 [0.545 |0.0176
is iségsgo ”; = g'iif f{:;hz 796 (2,530 | .337 133 | .957 .209 | .529 | .o168
Q- 121 ofs Y = 1.068x105 £t2/sec | ‘694 [2.540 | .376 148 | 1.068 | .249 | .633 | .0153
Poa11 e R - 57 788 .592 |2.500 | .431 172 | 1.224 | .203 | .733 | .0144
D= 0.412 ft F- o4 490 {2.405 | .469 195 | 1.332 | .343 | .826 | .0137
V2 1.498 fps O/ = 4.256 .388 [2.170 | .493 227 [ 1,401 | .433 | .940 | .0119.
: 9= .286 [1.735 | .417 240 [1.185 | .185 | .321 | .0123
1 1/8-Inch Block Roughness, Channel Centerline, Station 25
- 53 . 0.898 | 2.100 | 0.318 | 0.151 | 0.914 | 0.256 | 0.538 | 0.0151
SR Uem 0.8 fgjftz "796 | 1.995 | .316 | .158 | .908 | .2a5 | .488 | 0141
C 121 ot o 1l068x16% 2y .694 | 1.905 | .308 162 | .885 | .237 | .451 .0145
oAk R - 57799 ¢ | .s92/1.820| .323 | .177 | .928 | .395 | .718 [ .0126
D - 0.398 ft F o 0.433 .490 | 1.750 | .358 .205 | 1.029 | .313 | .548 | L0131
Vo 10551 fps C/vg = 4.457 .388 | 1.580 | .368 233 | 1.057 | .264 | .417 .0109
= P g= % 286 | 1.400 | ~-oem | —ooe- - | .818 | .586 L0122
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 25
. 3 _ 0.898 | 2.600 | 0.288 | 0.111 | 0.828 [0.214 | 0.556 [ 0.0178
f,_ iségs:_io Ue = g‘g‘;g fﬁjﬂz .796 | 2.660 | .370 139 | 1.063 | .409 | 1.088 | .0181
Q- 1021 ofs Sl loesxics ft2/sec | -694]2.680) 425 159 | 1,221 | .264 | .708 | .0166
7o 2i0 % R - 57,799 592 | 2.600 | .447 172 | 1.284 | .243 | .632 | 0153
D - 0.398 ofs Foo0.433 .490 | 2,430 | .489 .201 | 1.405 | .187 | .455 | 0148
Vo 10551 fps C/vp - 4.457 .388 | 2.120 | .506 239 | 1.454 | .261 | .s53 | o134
= P g =4 .286 [1.610 | ===== | ==--- | ----- .322 | .518 | 0126
1 1/8-Inch Block Roughness, Channel Centerline, Station 30
- 0.898 | 2.110 | 0.302 | 0.143 | 0.860
5= 13.25x16° U, = 0.351 fps .796 | 2,060 | .330 .160 | .940
W= 1.96 ft T = 0.338 1b/ft2
- = 5, .694 | 1,940 | .332 171 | .946
Q=1.21 cfs v = 1.068x10° ft2/sec 592 | 1,840 308 167 877
gf 31;1;9 (f:t § = 37&:8 .490 [1.720 | .365 .212 | 1.040
ERe - .388 | 1,560 | .392 .251 | 1.117
V = 1.509 fps C//g = 4.299 286 | 1,200 | —oome | -0 SIID| Cio | o
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 30
5 0.898 | 2.570 | 0.308 | 0.120| 0.877
S =13.25x10°  y, = 0.351 fps ) 796 | 2.640 | .353 134 { 1.006
W= 1.96 ft T = 0,338 1b/ft ot | 3.620 | 209 1se | 1016s
Q=121 cfs v = 1.068x10° ft2/sec | oo |5 00| aza 170 | 10208
1D" ghés Et ?f 372128 490 | 2,310 .531 .230 | 1.513
=7 iy .388 | 2.000 | .536 .268 | 1.527
V= 1.509 fps C/Vg = 4.299 286 | 1520 | Lo | LR e
1 1/8=Inch Block Roughness, Channel Centerline, Station
0.898 | 2.110 | 0.318 | 0.151 { 0.909
§=15.25:10° U, = 0.350 fps 2796 | 2.030 | .337 166 | .963
= 1.96 £t T = 0.337 1b/ft 694 | 1.940 | .362 187 | 1.034
9= 1.2l gk v.= 106B0% £e¥/sec | Toop | 7700 | 373 | .208 | 1.066
g_ 0 ;07 £t ';f 0 ;15 .490 | 1.630 | .360 .221 | 1.029
Fo1517 £ ol .388 [ 1.520 | .405 266 | 1.157
Vet s C/Yg = 4.334 .286 | 1.205 | .327 271 934
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 35
- 0.898 | 2.520 | 0.303 | 0.120 | 0.866
5= 13.25x10° U, = 0.350 fps 2796 | 2.580 | .369 .143.| 1.054
W= 1.96 ft T = 0.357 1b/ft 694 12,600 | 395 152 | 1.129
Q=1.21 cfs v = 1.068x10° ft2/sec | 200 |5 a0 | aas ‘175 | 17280
g (2,1“‘;7 it '; - 07{321 .490 | 2.400 | .484 .202 | 1.383
7= 10517 fps C/vg - 4.334 .388 | 2,100 | .533 .254 | 1.523
: ps g= = .286 | 1.660 | .500 301 | 1.420
1 1/8-Inch Block Roughness, Channel Centerline, Station 40
_ 53 _ 0.898 |2.000 |0.315 | 0.153 | 0.897 [0.403 | 0.830| o0.0150
peRy I e 79 [2.050 | .360 | .177 | 1026 | .243 | .49a| o147
Q= 1.21 ofs S = 1.068x105 £t2/sec | 694 |1.930 | .386 .200 | 1.100 | .300 .579 ,0142
7o 201 ¢ R - 57.800 .592 [1.790 | .397 .222 | 1.131 | .370 .663 .0138
D - 0.408 £t Foodir .490 [1.680 | .421 251 | 1.199 | .s571 .960 .0144
¥ = 1.513 fps C/vg = 4.311 .388 |1.500 | .407 .271 | 1.160 | .568 .853 .0132
: : .286 |1.230 | .356 .289 | 1.014 | .262 .322 L0127




B40 TURBULENCE IN WATER

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

— T L A
Mean Flow Parameters = - E £ z
2 v 4
and Variables 1/ (st) (f;s) Fﬁ ;f/l"' (sec) | (ft) (ft)
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 40
_ 53 . 0.898 [2.450 | 0.333 | 0.136 | 0.949 |0.320 | 0.806| 0.0181
S Ba0T b m 0.3 fgj&z ‘706 |2.500 | .344 | .138 | .o80 | .411 | 1.028| .o184
@ - 121 ofs § = 1.068%105 £t2/sec | -699 |2.500 | .394 .158 | 1.123 | .337 .843 .0182
7o 211 e R - 57 800 .592 |2.440 | .417 171 | 1.188 | .320 .781 L0176
D = 0.408 ft F-o0.417 .490 (2,305 | .474 206 | 1.350 | .534 | 1.234 .0152
T 10518 fps C/Yg = 4311 .388 (2.030 [ .516 .254 | 1.470 | .469 960 .0121
: P g= 4. .286 | 1.660 | .480 .289 | 1.368 | .369 .613 .0108
1 1/8-Inch Block Roughness, Channel Centerline, Station 45
. 53 - 0.898 |2.040 [0.328 | 0.161 | 0.937 |0.468 | 0.955 | 0.0142
oosasat b, = 0.3%0 fgjﬁz .796 |2.000 | .367 .184 | 1.049 | .282 .564 .0139
Q= 121 ofs 5 = 1.068%105 £t2/sec | -69% [1.940 | 395 .204 | 1,129 | .406 .786 L0136
7= 2101 ¢ R 57783 .592 |1.820 | .396 .218 | 1.131 | .270 .491 L0124
D - 0.406 ft F o o0 .490 [ 1.690 | .400 .237 | 1,143 | .398 672 L0115
V= 11520 fps C/Yg = 4.343 .388 | 1.560 | .415 .266 | 1.186 | .408 .637 .0102
: P g=4 286 [1.270 | .352 .277 | 1.006 | .421 | ,.535 .0096
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 45
_ 52 . 0.898 |2.330 [0.304 | 0.130 [ 0.869 {0.315 [ 0.734| o0.0164
p e I 2796 |2.420 | .353 | .16 | 1.009 | .21z | .513|  .0166
Q=121 ofs v = 1.068%10° ft2/sec | 694 [2.450 | .374 .153 | 1.069 | .249 .610 L0157
7 o211 % R =55 985 .592 [2.430 | .404 166 | 1.154 | .377 .916 10153
D = 0.406 ft F o 0.420 492 [2.305 | .465 202 | 1.320 | .312 .720 L0127
V= 10520 fps C/Vg - 4.343 .388 [2.030 | .464 .229 | 1.326 | .251 .509 .0109
: P g =4 .286 |1.470 | .400 272 | 1.143 | 247 .363 .0085
1 1/8-Inch Block Roughness, Channel Centerline, Station 5
o 0.898 [3.180 {0.349 | 0.120 | 0.797 | ----- § —meec | -o-s
§=20.54x10% U, = 0.438 fps 796 |3.270 [ .400 122 | 913
W= 1.9 ft T = 0.529 1b/ft “eoa | 37205 | 436 136 995
@ = 1.56 cfs v = 1.068x105 £t?/sec | ‘oo |370z0 | sis 171 | 10183
g - 31;}3 Cft '; : 34528 .490 {2.800 | .657 .235 | 1.500
V= 1,927 fps C/Vg - 4.400 .388 [2.450 | .718 .293 | 1.639
s g=1 .286 |1.960 | .593 | .303 | 1.354
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 5
- 0.898 |3.140 {0.333 | 0.106 | 0.760
52 20.541103 U, = 0.438 fps 2 .796 |3.350 | .351 105 | .801
W= 1.96 ft T = 0.529 1b/ft coa |3 205 | 370 108 ads
Q= 1.56 cfs v = 1.068x10° ft2/sec ‘502 |3.340 | [a51 ‘135 | 1,030
- gljds it ',3 : (7)45‘28 .490 |3.130 | .475 .152 | 1.084
T2 1,927 fps /g = 4.400 .388 |2.700 | .527 .195 | 1.203
. g=4 .286 [2.200 | .511 .232 | 1.167
1 1/8-Inch Block Roughness, Channel Centerline, Station 10
5 0.898 | 3.300 0.581 | 0.176 | 1.333
5= 20.54x10% U, = 0.436 fps 796 | 3.160 | .640 202 | 1.468
W= 1.96 ft T = 0.522 1b/ft coa | 27850 | 637 ol 1ees
@ =1.56 cfs v = 1,068x10° ft2/sec “soz! 2 740 717 262 | 1esa
21.1 °C = . . . . .
TD 01407 t ? : ;‘s’igo 490 } 2,510 .755 301 | 1.732
V- 1,956 fps C/Vg - 4.486 .388 | 2.200| .739 .336 | 1.695
: g.=9 .286 | 1.880 | .690 .367 | 1.583
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 10
N 0.898 | 3.370 [ 0.454 | 0.135 | 1.041
S = 20.54x103 U, = 0.436 fps . 706 | 3.380 | 422 128 968
W= 1.9 ft T = 0.522 1b/ft “eoa | 3350 | 4ty oal Tose
@ = 1.56 cfs v = 1.068x10° ft2/sec 092 | 3,260 | 435 ‘133 ‘998
=21.1 °C =7 . . . . .
g = 51437 £t 2 = 045530 .490 | 3,110 | .492 158 | 1.128
T 1,956 fps G/ = 4.486 .388 | 2.840| .610 215 | 1.399
: : .286 (2,220 | .485 218 | 1.112
1 1/8-Inch Block Roughness, Channel Centerline, Station 15
- 5 0.898 | 2,930 [ 0.590 | 0.201 | 1.347
5= 20.54x10° U, = 0.438 fps 2 .796 | 2,800 | .624 .223 | 1.425
W =1.96 ft T = 0.529 1b/ft 694 | 2 605 682 262 | 1557
Q= 1.56 cfs v-=1,068x10% ft2/sec ‘592 | 2310 | €56 ‘984 | 1 4908
= 21.1 C = . . . . .
g 0.413 £t '; N {,";3;" .490 | 2,080 | .614 295 | 1.402
U e o i ] E ey P
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 15
5 0.898 | 3.270 | 0.400 | 0.122 | 0.913
5= 20.54x10° U, = 0.438 £ps 706 | 3 a8s | 301 Ioe e
¥= 1.9 ft T = 0.529 1b/ft 694 |3.200 | .387 | .118 | .884
Q = 1.56 cfs v = 1.068x10% £t2/sec | ‘coo |3 001 io0 132 | e79
s : . . . . .
,T, 31;}3 ;t '; : 34;;8 .490 | 3,100 | .483 .156 | 1.103
V= 1,927 fps C/Yg o 4.400 .388 [ 2.860 | .614 .215 | 1.402
P g=2 .286 | 2.250 | .626 278 | 1.429
1 1/8-Inch Block Roughness, Channel Centerline, Station 20
5 .898 | 2.700 | 0.489 | 0.181 | 1.116
5= 20.54x10° U, = 0.438 fps 0.792 22’.;10 .553 220 | 1.308
W= 196 £t T = 0.528 ib/fe 694 |2.450 | .615 | .251 | 1.404
ginNse R - %"’?""“’5 ft2/sec | "o 21250 | .s8s 1260 | 1.336
ITJ z 0.412 £t E - 04§330 .490 {2.000 | .550 .275 | 1.256
F-1932 £ Ny .388 |1.780 | .624 .351 | 1,425
= 1. Ps C/Vg = 4.411 286 | 1.400 | coome | —ilo | IITDCiD |l |aiis




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

T L A
Mean Flow Parameters = = /— — E £ x
and Variables /D (fgs) (ee) Y a2vy u’lu" (sec) | £) | (£0)
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 20
= 0.898 (3.280 (0.378 | 0.115 | 0.863
5= 20.54x10° U, = 0.438 fps 2 796 | 3.255 | .376 116 | .858
W= 1.96 ft T = 0.528 1b/ft coa |3 230 | “36s 13 833
Q = 1.56 cfs v = 1,068x10% ft2/sec | oo, 137500 Targ 128 | 936
- - . . . . .
reua e '; 5% 1490 |3.130 | .50 .161 | 1.153
Ll e e = 4 .388 {2.830 | .617 .218 | 1.409
. ps g =4 .286 (2.400 | .592 .247 | 1.352
1 1/8-Inch Block Roughness, Channel Centerline, Station 25
- 0.898 | 2.800| 0.536 | 0.191| 1.238
§=20.54x10°  , = 0.433 fps 2 796 | 2.600| .480 185 | 1.109
W=1.9 ft T = 0.510 1b/ft conl2anl ase 03] 1141
Q= 1.56 cfs v = 1.068<10% £e2/sec | o3| 5530 | eao 2ol 10
ﬁ : 513;8 gt '; : g“;:;z .490 | 2,070 | .508 245 | 1.173
722,000 s Vg - 4.61 .388 1.860| .537 .289 | 1.240
: g =" .286| 1.600| .458 .286 | 1.058
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 25
5= 20.54x16% U, = 0,433 fps *i206 | 3.30| i3t6 | 13| “ieop oo |- |-
W=1.96 ft T = 0.510 1b/ft? ‘604 | 3.420| 389 ‘114
Q = 1,56 cfs v = 1,068x10° ft2/sec 502 | 3.360| a3z ‘129
g : 313;8°§t 'é z 345'2932 ‘400 | 3.200| .s57 174
g=0 -y .388 | 2.895| .338 117
V = 2.000 fps C/Vg = 4.619 Sse | 23001 2200 | oH
1 1/8-Inch Block Roughness, Channel Centerline, Station 30
. 0.898 | 2,770 | 0.543 | 0.196 | 1.257
5= 20.54x10° U, = 0.432 fps 796 | 2.540 .532 1209 | 1.231
W= 1.96 ft T = 0.515 1b/£t eoa 30| 230 292 | 1 %0s
Q = 1.56 cfs v = 1.068x10° ££2/sec | g2 | 3320|1230 e | 1ie
rhaare '; T a5 490 (1920 .aa3 | 231 1.025
g=9 oy .388 | 1.640| .405 247 | 938
V = 1.980 fps C/Yg = 4.583 286 | 1270 | —ion | iZ) LI
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 30
§ = 20.54x10% U, = 0.432 fps 0'332 3'333 o.igz o.gg *.053
W= 1.96 £t T - 0.515 Ib/ft? ‘694 | 3.a80| .a19 | .120
Q = 1.56 cfs v = 1,068x105 ft2/sec | oot | 3TaE0| Taoe vt
roaat Ron,s 2490 | 3.100| .620 | .200
£=9. o .388 | 2.710| .663 .245
V= 1.980 fps ¢//g = 4.583 35e | 2 aa0| 583 | L2
1 1/8-Inch Block Roughness, Channel Centerline, Station 35
. =3 _ 0.898 | 2.740 | 0.518 | o0.189 | 1.183 |o.328 | 0.865 | 0.0168
P foég"go Ua = g'g;’; fgjftz .796 | 2.560 | .515 201 | 1.176 | .325 -iee-
. = 0. (it .694 [2.350 | .558 237 | 1.274 | .233
9= 156 ¢ks y = 1.068x10° £¥/sec | 59y 121180 | .516 | 237 | 1.178 | .201
z Do gt § = g“gigz 2490 [1.980| .557 281 | 1.272 | .285
£=0. -0 .388 [1.700| .594 .349 | 1.336 | .493
V= 1.937 fps C/Vg = 4.422 286 | 10380 | —cooe | -oID | 2II2 il
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 35
- 0.898 | 3.400 [ 0.384 | 0.113 | 0.877 [0.161
5 = 20.54x10% 0.438 fps .796 |3.410 | .400 | .117 | .913 | .158
W= 1.9 ft 0.527 1b/ft®, .694 [3.380 | .403 | .119 | .920 | .185
Q= 1.56 cfs 1.068x10° ft?/sec | 597 |3.300 | .471 143 | 1.075 | .157
T =21.1°C 74,542 .490 [3.120] .563 180 | 1.285 | .167
=041l ft 0.532 .388 [2.750 | .693 252 | 1.582 | .192
V= 1.937 fps 4.422 ,286 |2.200 | .668 304 | 1.525 | .343
1 1/8-Inch Block Roughness, Channel Centerline, Station 40
_ 53 0.898 | 2,730 | 0.480 | 0.176 | 1.098 [0.241 | 0.658 [ 0.0167
Pl hlteliEe .79 |2.630 [ .553 | .210 | 1.265 | .190 | .500| .06l
Q- 156 ofs o o oeaxi0s fr2sec | -694|2.410) ls41 224 | 1.238 | .259 .629 .0153
rian R o 74518 .592 2.220 | .519 .234 | 1.188 | .181 .403 .0128
D= 0410 ft F oot .490 | 2.000 { .592 1206 | 1.355 | .178 .356 L0136
V= 1981 fps /g - 4,492 .388 | 1.680 | .525 .313 | 1.201 | .322 .541 L0117
: : .286 (1.540 | .484 .314 | 1.108 | .150 .231 .0102
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 40
_ 53 R 0.898 | 3.310 | 0.424 | 0.128 | 0.970 |0.150 | 0.496 | 0.0195
FA e pape fgjﬁz .796 [3.330 | .408 | .123 | .934 | .138 | .460| .0186
Q- 156 cfs v = 1.068x105 fr2/sec | 694 |3.310 1 .427 a2 | 977 | 177 .585 .0189
7 - 211 % R o 74514 .592 | 3.230 | .485 .150 | 1.110 | .159 .514 0171
Do 0.410 £t F ootz .490 {3.000 | .555 .180 [ 1.270 | .201 .620 .0158
Vo 10941 fps CiYg - 4.442 .388 [2.780 | .648 .233 | 1.483 | .174 .484 .0138
: P g=4 .286 | 2.195 | .778 .354 | 1.780 | .236 .517 .0160
1 1/8-Inch Block Roughness, Channel Centerline, Station 45
N 0.898 |2.810 [0.520 | 0.185 | 1.190
S=20.54x10° U, = 0.437 fps 2 ,796 | 2,600 | .544 209 | 1.245
Z z i‘gg f}s N ‘i'gzgxigéf;‘z/sec 1694 |2.450 | .596 1243 | 1.364
731 S R - 7,524 .592 [2.230 | .s55 .249 | 1.270
- N .490 [2.040 | .595 .292 | 1.362
Pl b ot 388 [1.880 | .572 | .304 | 1.309
: P g=*- .286 |1.640 | .665 .405 | 1.522
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B42 TURBULENCE IN WATER

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow Parameters 1 v e — TE Lx l.z
5 ¥/p U u? T/ﬁ 2Z2{V
and Variables eps) | Eps) u w / (sec) (ft) (ft)
1 1/8-Inch Block Roughness, 6 Inches From Wall, Station 45
5= 20.54x18° U, = 0.437 fps o.z;gs 3.200 |0.389 [ 0.122
W= 1.96 ft T = 0.524 1b/ft? -796 13,240 | 395 | .12
= 127
Q= 1.56 cfs v = 1.068x165 £r2/sec | 694 |3-260 | 413 | .
7= 201 °C R - 74.524 .592 |3.200 | .455 .142
D - 0.409 ft F - 0536 .490 |3.030 | .555 .183
V = 1.946 fps C/v/;= 4.453 .388 12.640 .666 .252
N .286 |2.050 .519 .253
1/2-Inch Block Roughness, Channel Centerline, Station 5
- 0.899 |1.260 |0.118 0.094 | 0,707
5 = 2.95x103 U, = 0.167 fps .798 |1.185 .118 .100 .707
W =1.96 ft T = 0.077 1b/ft .697 11.090 .107 .098 .641
Q = 0.88 cfs v = 1.068x105 ft?/sec | .596 |1.020 | .092 .090 | .551
T = 21.1°C R = 42,028 .495 .938 .086 .092 .515
D = 0.416 ft F =10.295 .394 .878 .084 .096 .503
V =1.079 fps C/\/& = 6.461 .293 .823 .084 .102 .503
.192 .760 L112 .147 .671
1/2-Inch Block Roughness, 6 Inches From Wall, Station 5
- 0.899 [1.370 [0.163 0.119 [ 0.976
5= 2.95x103 U, = 0.167 fps .798 |1.420 | .179 126 | 1.072
W =1.96 ft T = 0.077 1b/ft? .697 [1.440 .200 .139 | 1.198
Q = 0.88 cfs v = 1.068x10° ft2/sec .596 |1.450 | .216 .149 | 1,293
7= 21.1 °C R = 42,028 .495 [1.400 .224 .160 | 1.341
D = 0.416 ft F = 0.295 .394 (1,300 .192 .148 | 1.150
V = 1.079 fps C//g_ = 6.461 .293 11.150 .183 .159 | 1.096
.192 .980 .152 .155 .910
1/2-Inch Block Roughness, Channel Centerline, Station 10
0.899| 1.130{ 0.062 0.055 | 0.371
5 = 2.95x10° U, = 0.167 fps 798| 1.070| .056 .052 .333
W= 1.96 ft 1= 0.077 1b/ft2 .697 .995 .054 .054 .32
Q = 0.88 cfs v = 1.068x15 £t2/sec .596 .950 .058 .061 .347
. .069 .371
T=21.1°C R = 42,057 -4951 9001 062
D= 0.419 ft F = 0.292 .394 .800 .078 .098 .467
7= 1.072 fps C/Vg = 6,419 293 .743( .091 122 .545
.192 .690 .112 .162 .671
1/2-Inch Block Roughness, 6 Ifches From Wall, Station 10
0.899( 1.440| 0.124 0.086 ([ 0.743 |-=-vm | -meem [ ommes
§ = 2.95x1073 U, = 0.167 fps .7981 1.465 .149 .102 .892
W =1.96 ft T = 0.077 1b/ft? .697 | 1.485 .178 .120 | 1.066
Q = 0.88 cfs v = 1.068x105 ft2/sec | .596| 1.470( .209 .142 | 1.251
7= 21.1°C R = 42,057 .495 | 1.420 .214 .151 1.281
D = 0.419 ft F = 0.292 .394 | 1.330 .216 162 | 1.293
V = 1.072 fps C//g_= 6.419 .2931 1.160 .191 L165 | 1.144
.192 .900 .171 .180 | 1.024
1/2-Inch Block Roughness, Channel Centerline, Station 15
_ 0.899 § 1.060 0.056 0.053 | 0.337
S = 2.95x103 U, = 0.166 fps .798 .990 .050 .051 .301
W =1.96 ft T = 0,076 1b/ft? .697 .940 .049 .052 .295
Q = 0.88 cfs v = 1,068x105 ft2/sec .596 .900 .055 .061 .331
r=21.1°C R = 42,020 495 | .840| .057 068 | .343
D = 0.414 ft F = 0,297 .394 .765 .066 .086 .398
V = 1.084 fps C/\/g_= 6.530 .293 .710 .085 .120 .512
.192 .640 .087 .136 524 |- [ -mmmm |-
1/2-Inch Block Roughness, 6 Inches From Wall, Station 15
_ 0.899 | 1.370 | 0.143 0.104 | 0.861
5 = 2.95x103 U, = 0.166 fps .798 | 1,395 .160 .115 .964
¥ =1.96 ft T =0.076 lbéftz .697 | 1.420 .185 L130 | 1.114
q = 0.88 cfs v = 1,068x10° ft2/sec .596 | 1.430 .207 L145 | 1.247
7=21.1°C R = 42,020 495 | 1.420 | .227 .160 | 1.367
D = 0.414 ft F = 0.297 .394 | 1.380 .252 .183 } 1.518
V = 1.084 fps (J//g—= 6.530 L2931 1.230 .241 .196 | 1.452
.192) 1.130 .237 .210 ) 1.427
1/2-Inch Block Roughness, Channel Centerline, Station 20
. 0.899 ( 1.120 | 0.062 0.055 | 0.373 |----- bt el
5 = 2.95x103 U, = 0.166 fps .798 { 1.060 .061 .058 .367
¥ =1.96 ft T = 0.075 1b/ft? .697 | 1.060 .061 .058 .367
@ = 0.88 cfs v = 1.068x10° ft?/sec .596 | 1,025 .065 .063 .392
T =21.1°C R = 42,037 .495 .990 .076 077 .458
D = 0.410 ft F = 0.301 .394 .960 .089 .093 .536
V = 1.095 fps C/Vg = 6.596 .293 ) .920| .118 128 | .71
.192 .800 .147 .184 .886
1/2-Inch Block Roughness, 6 Inches From Wall, Station 20
_ 0.899 {1.350 { 0.109 0.081 | 0.657
5 = 2.95x103 U, = 0.164 fps .798 | 1.380 .140 .101 .843
W =1.96 ft T = 0.073 1b/ft? .697 | 1.395 .152 .109 .916
Q = 0.88 cfs v = 1,068x10° ft2/sec .596 | 1.405 | .170 .121 | 1.024
T =21.1°C R = 42,037 .495 | 1.400 .196 .140 | 1.181
D = 0.399 ft F =0.314 .394 11,335 .206 .154 1.241
V = 1.125 fps C//;= 6.860 .293 | 1.220 .201 .165 | 1.211
.192 | 1.015 .184 .181 1.108 |----- | ---e- | -----




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow Parameters = = e Ly e
P | T = | —2/5 f;/u
and Variables (fps)| (fps) u us["*[ (sec) (ft) (ft)
1/2-Inch Block Roughness, Channel Centerline, Station 25
0.899| 1.205| 0.058 0.048 | 0.354
S = 2.95x103 U, = 0.164 fps .798} 1.180 .059 .050 .360
W= 1.96 ft T = 0.073 1b/ft? .697 | 1.140( .063 .055 .384
Q = 0.88 cfs v = 1.068x10° ft?/sec .596 | 1.100 .068 .062 410
T = 21.1 °C R = 42,029 .495 [ 1.050 .085 .081 518
D = 0.399 ft F =0.314 .394] 1.025 .103 .100 .628
V =1.125 fps C/V/g = 6.860 .293( .970 .143 .147 {872
\192  .850| .157 .185 .957
1/2-Inch Block Roughness, 6 Inches From Wall, Station 25
_ 0.899 1.390| 0.107 0.077 | 0.652
S = 2.95x103 U, = 0.164 fps .798 | 1.430 .132 .092 .805
¥ =1,96 ft T =0.073 lb_/ﬂ:2 .697 | 1.445 170 .118 | 1.037
Q = 0.88 cfs v = 1,068x10° ft?/sec .596 | 1.420 .180 .127 |7 1.098
T =2.21°C R = 42,029 .495 | 1.370( .173 .126 | 1.055
D = 0.399 ft F =0.314 .394 1 1.270 171 .135 | 1.043
V= 1.125 fps C//g; = 6.860 .293 | 1.090 .167 .153 | 1.018
.192 .692 .124 179 .756
1/2-Inch Block Roughness, Channel Centerline, Station 30
0.899 | 1.215( 0.055 0.045 | 0.333
S = 2,95x10? U, = 0.165 fps .798 ) 1.170 .061 .052 .370
¥ =1.96 ft T = 0.074 1b/ft? .697 | 1.110 .065 .059 .394
q = 0.88 cfs v = 1,068x10° ft2/sec .596 | 1.085| 066 .061 .400
T =21.1°C R = 42,044 .495 | 1.040 .085 .082 .515
D = 0.402 £t F = 0.310 .394 .960 .106 110 .642
V= 1.117 fps C//g— = 6.770 .293 .900 .148 .164 .897
192 .860 .185 L2151 1,121 |==-== fmmmmm [ mmemss
1/2-Inch Block Roughness, 6 Inches From Wall, Station 30
_ 0.899 ] 1.420| 0.117 0.082
5 = 2.95x103 U, = 0.165 fps L7981 1.460} .124 .085
W =1.96 ft T = 0.074 1b/ft? .697 | 1.480 172 116
Q = 0.88 cfs v = 1.068x10° ft?/sec .596 | 1.450) .186 .128
7= 21.1 °C R = 42,044 .495 | 1.390 .189 .136
D = 0.402 ft F = 0.310 .394 | 1.280 .216 .169
V = 1.117 £ps C//g_= 6.770 .293 | 1.080 2177 .164
.192 .720 127 176
1/2-Inch Block Roughness, Channel Centerline, Station 35
~ 0.899 | 1.195 | 0.069 0.058 | 0.416
S = 2.95x103 U, = 0.166 fps .798 | 1.160 .076 .066 .458
W =1.96 ft T = 0,075 1b/ft? .697 | 1.150 .078 .068 .470
Q= 0.88 cfs v = 1.068x10° ft2/sec .596 | 1.105 .083 .075 .500
T = 721.1 °C R = 42,037 .495 | 1.030 .091 .088 .548
D 0.410 ft F = 0.301 .394 ] 1.005 .104 .103 .627
v = 1.095 fps C//g_= 6.596 .293 .940 .129 .137 .777
.192 .885 .180 .203 | 1,084
1/2-Inch Block Roughness, 6 Inches From Wall, Station 35
0.899 ( 1.350) 0.119 n.088 | 0.717
S = 2.95x103 U, = 0.166 fps .798 | 1.390 | 135 097 | .813
W =1.96 ft T = 0.075 1b/ft? .697 | 1.410 .143 .101 .861
Q= 0.88 cfs v = 1.068x10° ft2/sec .596 | 1.420 .168 .118 | 1.012
T=21.1° R = 42,037 .495 | 1.400 .198 .141 | 1.193
0.410 ft F = 0.301 .394 1 1.325 .196 .148 § 1,181
V =1.095 fps C//g-s 6.596 .293 | 1.160 .190 .164 | 1.145
.192 .935 .162 173 .976
1/2-Inch Block Roughness, Channel Centerline, Station 40
0.899| 1,165| 0.078 0.067 | 0.404
S = 2,95x10% U, = 0,166 fps .798| 1.150| .081 .070 .422
¥ =1.96 ft T = 0.076 1b/ft? .697 | 1.140 .084 .074 .446
Q = 0.88 cfs v = 1.068x10° ft2/sec .596 | 1.105( 094 .085 .512
7 =21.1"°C R = 42,020 4951 1.080 .102 .094 .566
D =10.414 ft F = 0.297 .394( 1.035 .120 .116 .699
V =1.084 fps C//g_ = 6.530 .293( 1.020 .129 126 .759
.192 .860 2122 .142 .855
1/2-Inch Block Roughness, 6 Inches From Wall, Station 40
_ 0.899| 1.300| 0.116 0.089 | 0.699
S = 2.95x10° U, = 0.166 fps .798| 1.335 .133 .100 .801
W =1.96 ft T = 0.076 1b/ft? .697 | 1.350 .146 .108 .880
Q = 0.88 cfs v = 1,068x10° ft?/sec | .596| 1.340| .154 1S | .928
T = 21.1 °C R = 42,020 .495 | 1.302 .153 .118 .922
D = 0.414 ft F =0.297 .394 | 1.235 170 .138{ 1.024
V = 1.084 fps C//g_ = 6.530 .293| 1.095 .164 .150 .988
.192 .900 .181 .201 1.090
1/2-Inch Block Roughness, Channel Centerline, Station 45
N 0.899 ] 1,150 0,071 0.062 | 0.425
S = 2.95x103 U, = 0.167 fps .798 | 1.120 .075 .067 .449
W=1.96 ft T = 0,077 1b/ft? .697 | 1,095 .075 .068 .449
Q = 0.88 cfs v = 1.068x10° ft2/sec | .596|1.085| .077 .071 .461
T =21.1"°C R = 42,035 .495 | 1.100 .097 .088 .581
D = 0.418 ft F = 0.293 .394 | 1.090 .115 .106 .689
V = 1.074 fps C/@: 6.43) .293 | 1.025 2122 .119 .731
.192 .900 L1131 146 .784
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TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow

Parameters

and Variables

’,:2/_—2‘/17

¥
o) | ¥

(fl) 7al.

1/2-Incn Block koughness, 6 Inches From Wall, Station 45

R 0.899 [ 1.290 [ 0.107 | 0.083
8 = 2.95x103 U, = 0.167 fps .798 [ 1.310] .121 .092
W= 1.96 ft T = 0,077 1b/ft? 697 11.315| .131 .100
Q v = 1.068x10° ft2/sec .596 | 1.300 | .142 .109
7 R = 42,035 .495 [ 1.270 | .152 .120
2 F = 0.293 .394 [1.220| .150 123
V= C/Vg = 6.431 .293|1.115 | .172 154
.192( .970| .176 .181
1/2-Inch Block Roughness, Channel Centerline, Station 5
. 0.899 | 2.130 | 0.267 | 0.125 | 0.985
S = 7.80x103 U, = 0.271 fps 798 | 2.145 | .272 .127 | 1.004
W= 1,96 ft T = 0,202 1b/ft? 697 | 2.170 | .277 128 | 1.022
Q = 1.53 cfs v = 1.068x10° ft2/sec .596 | 2.150 | .263 122 .970
T=21.1° R = 73.073 .495 [ 2.150 | ,260 121 .959
D = 0.416 ft F = 0.513 394 | 2.080 | .280 :135 | 1.033
V= 1.876 fps C//g = 6.923 .293(2.000 | .341 .171 | 1.258
.192 [ 1.630 | .342 .210 | 1.262
1/2-Inch Block Roughness, 6 Inches From Wall, Station
0.899( 2.230| 0.273| 0.122[ 1.007
S = 7.80x103 U, = 0.271 fps .798} 2.320] .301 .130] 1.111
W= 1.96 ft T = 0.202 1b/ft? .697| 2.400 .346 .144| 1.277
Q = 1.53 cfs v = 1.068x10° ft2/sec .596| 2.470| .380 .154| 1.402
T =21.1°C R = 73,073 .495| 2.500] .450 180 1.661
D = 0.416 ft F = 0.513 .394| 2.370| .514 .228| 1.897
V = 1.876 fps C/Vg = 6.923 .293| 2.0700 .470 227 1.734
.192} 1.695] .408 241 1.506
1/2-Inch Block Roughness, Channel Centerline, Station 10
) 0.899( 2.600( 0.150( 0.058[ 0.551
S = 7.80x103 U, = 0.272 fps .798| 2.575| .167 .065 .614
W= 1,9 ft T = 0.204 1b/ft2 .697| 2,480 .173 .070 .636
Q = 1.53 cfs v = 1.068x105 ft2/sec .596] 2.405| .211 .088]  .776
T=21.1°C R = 73,107 .495( 2.300| .251 .109]  .923
D = 0.420 ft F = 0.506 .394| 2.180] .262 .120|  .963
V=1.859 fps C/Yg = .293| 1.960 .300 .1831  1.103
.192| 1.780 .342 .192) 1.257
1/2-Inch Block Roughness, 6 Inches From Wall, Station 10
0.899| 2.405| 0.294 | 0.122| 1.081
S = 7.80x10° U, = 0.272 fps 798| 2.380| .323 .136| 1.188
W=1.96 ft T = 0.204 1b/ft? 697 2.320f .351 .151) 1,290
Q = 1.53 cfs v = 1.068x10° ft2/sec .596| 2.230| .362 .162 1.331
T =21.1°C R = 73,107 .495| 2,105 .370 .176| 1.360
D = 0.420 ft F = 0.506 .394| 2.020| .386 .191]  1.419
V =1.859 fps C//g = 6.835 .293| 1.900| .367 193] 1.349
.192{ 1.700{ .343 .202) 1.261
1/2-Inch Block Roughness, Channel Centerline, Station 15
N 0.899( 2.410( 0.235| 0.098| 0.864
S = 7.80x103 U, = 0.272 fps 798| 2.395| .277 .116{ 1.018
W =1.96 ft T =.0.205 1b/ft2 697 2,370 .307 .130| 1.129
Q = 1.53 cfs v = 1.068x10° ft2/sec | .596| 2.320| .320 .138] 1.176
T =21.1°C R = 73,084 .495 | 2,270} .349 .154} 1.283
D = 0.421 ft F = 0.504 .394 | 2,160 .376 .174[ 1.382
V = 1.854 fps C/Vg = 6.816 .293| 2.050( .411 .200| 1.511
.192 | 1.740| .474 .272f 1,743
1/2-Inch Block Roughness, 6 Inches From Wall, Station 15
_ 0.899 | 2,510] 0.289 | 0.,115| 1.063
5 = 7.80x103 .272 fps .798 | 2.520| .348 .138| 1.279
W=1.96 ft .205 1b/ft2 .697 | 2.510f .360 .143) 1.324
Q = 1.53 cfs .068x10% ft2/sec | .596 |2.470| .377 .153| 1,386
r=21.1°C »08: 495 2,410 .362 .150| 1.331
D = 0.421 ft .504 .394 | 2.350| .373 159 1,371
V =1.854 fps C/ .816 .293 ) 2.250| .382 .170] 1.404
.192 | 1.990| .462 .232| 1.699
1/2-Inch Block Roughness, Channel Centerline, Station 20
3 0.899 }2.405 |0.208 | 0.086 | 0.768
5 = 7.80x10 U, = 0.271 fps .798 |2.340 | .287 .123 | 1,059
W= 1.96 ft T .202 1b/ft? .697 12,250 | .269 .120 .993
Q = 1.53 cfs v = 1,068x10 ° ft?/sec | .596 |2.160 | .311 144 | 1,148
T =21.1°C R = 73,073 .495 |2.020 | .284 141 | 1.048
D = 0.416 ft F =0.513 .394 11.910 | .323 .169 | 1,192
V =1.876 fps C//g = 6.923 .293 |1.800 | .348 .193 | 1.284
192 |1.630 [ .395 .732 | 1.458
1/2-Inch Block Roughness, 6 Inches From Wall, Station 20
0.899 [2.415 [0.170 | 0.070 { 0.627
5=7.80x10"%  y, = 0.271 fps .798 2.520 | .223 .088 .823
W= 1.96 ft T = 0.202 1b/ft2 697 [2.610 | .286 .110 | 1.085
Q = 1.53 cfs v = 1,068x10 ° ft?/sec [ 596 |2.645 | .344 130 | 1.269
T=211°C R = 73,07 .495 12.600 | .351 135 | 1.295
D = 0.416 ft F = 0.513 .394 |2.450 | .383 .156 | 1.413
V = 1.876 fps C//g = 6.923 .293 [2.250 | .388 172 | 1.432
.192 |1.980 | .493 .249 | 1.819




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES B45

TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow Parameters t73 = TE Lz )‘r
d ¥/D 7 2 /:E/U = v,
and Variables gps) | (eps) u u / (sec) (ft) (ft)
1/2-Inch Block Roughness, Channel Centerline, Station 25
0.899 {2.495 |0.207 0.083 | 0,772
S = 7.80x10°3 U, = 0.268 fps .798 |2.410 .262 .109 .978
W =1.96 ft T = 0.196 1b/ft? .697 [2.280 .296 .130 | 1.103
@ = 1.53 cfs v = 1.068x10° ft2/sec .596 [2.180 .323 .148 | 1.205
T =21.1°C R = 73,098 .495 12.030 .321 .158 | 1.198
D = 0.402 ft F = 0.540 -394 | 1.860 .317 .170 | 1.183
V = 1.942 fps C//a= 7.246 .293 (1,710 .314 .184 | 1.172
.192 |1.410 .263 .187 .981
1/2-Inch Block Roughness, 6 Inches From Wall, Station 2§
- 0.899 |2.495 {0.167 0,067—‘ 0.623
S = 7.80x1073 U, = 0.268 fps .798 (2.570 .228 .089 .851
W =1.96 ft T = 0.196 1b/ft? .697 |2.640 .228 .086 .851
@ = 1,53 cfs v = 1,068x10 5 ft?/sec .596 |2.660 .257 .097 .959
7 = 21.1 °C R = 73,098 .495 {2,595 .268 .103 | 1.000
D = 0.402 ft F = 0.540 .394 |2.390 375 .157 | 1.399
V = 1.942 fps C//g; = 7.246 .293 |2.050 .389 .190 | 1.451
2192 [1.530 .390 .255 | 1.455
1/2-Inch Block Roughness, Channel Centerline, Station 30
-3 0.898 |2.310 (0.290 0.126 | 1.082
S = 7.80x10 3 U, = 0.268 fps .798 [2.215 .315 .142 1.175
¥ =1.96 ft T = 0.197 1b/ft2? .697 |2.100 .330 .157 | 1.231
Q = 1.53 cfs v = 1.068x107% ft2/sec | .596 |1.950 | .328 168 | 1.224
T =21.1 °C R = 73,083 .495 |1.810 .348 .192 | 1.299
D = 0.404 ft F = 0.536 .394 11,690 | .322 .191 1.201
V = 1.932 fps C‘//g_= 7.209 .293 11.500 .305 .203 | 1.138
.192 |1.390 .327 .235 | 1.220
1/2-Inch Block Roughness, 6 Inches From Wall, Station 30
0.899 12.495 [0.167 0.067 | 0.623
S =7.80x10"% U, = 0.268 fps .798 12.590 | .161 .062 | .601
W =1.96 ft T = 0.197 1b/ft? .697 |2.640 .214 .081 .799
Q@ = 1.53 cfs v = 1.068x10 > ft?/sec | .596 |2.630 .214 .081 .799
7 =21.1°C R = 73,083 .495 12,530 W277 .110 | 1.034
D = 0.404 ft F = 0.536 .394 |2.330 .341 .146 | 1.272
V = 1,932 fps C//g- = 7.209 .293 |2.060 .398 .193 | 1.485
2192 |1.615 .391 .242 | 1.459
1/2-Inch Block Roughness, Channel Centerline, Station 35
-3 0.899 (2,250 [0.271 0.120 | 1.007
5 = 7.80x10 U, = 0.269 fps .798 12.125 .304 .143 | *.130
W =1.96 ft T = 0.199 1b/ft? .697 {2,000 .313 157 | 1.164
Q =1.53 cus v = 1.068x10 5 ft2/sec .596 |1.860 .270 .145 1.004
T = 21.1 °C R = 73,081 .495 [1.750 .315 .180 1.171
D = 0.408 ft F = 0.528 -394 {1.600 .283 177 1.052
V =1.913 fps C//E: 7.112 .293 |1.400 .255 .182 .948
.192 ]1.260 .269 .213 § 1.000
1/2-Inch Block Roughness, 6 Inches From Wall, Station 35
~ 0.899 |2.405 |0.219 0.091 |0.814
5§ = 7.80x1073 U, = 0.269 fps .798 12.520 .222 .088 .825
W =1.96 ft T = 0.199 1b/ft? .697 12.600 .230 .088 .855
Q = 1.53 cfs v = 1.068x10 > ft?/sec | .596 [2.630 | .235 .089 | .874
T =21.1"° R = 73,081 .495 [2.590 .273 .10s | 1.015
D =0.408 ft F = 0.528 .394 |2.410 .335 L139 | 1.245
V =1.913 fps C/Vg = 7.112 .293 12.220 | .404 .182 | 1.502
.192 [1.830 .431 .236 | 1.602
1/2-Inch Block Roughness, Channel Centerline, Station 40
-3 0.899 12,150 [0.268 0.125 | 0.992 |o0.320 0.688 0.0154
5 = 7.80x10 U, = 0.270 fps .798 (2.100 .304 .145 1.126 361 .758 .0142
W =1.96 ft T = 0.201 1b/ft? .697 (2,020 313 L1585 | 1.159 .262 .529 .0132
Q = 1.53 cfs v = 1.068x10 > ft2/sec | .596 [1.950 | .335 172 | 1.241 | .267 | .s20 .0129
T = 21.1 °C R = 73,087 .495 (1.870 .336 .180 (1.244 .318 .595 .0121
D = 0.413 ft F = 0.518 .394 |1.755 .348 .198 | 1.289 .314 .552 .0117
V = 1.890 fps C//g_= 7.000 .293 [1.660 .344 .207 1.274 .262 .435 .0106
.192 |1.500 .345 .230 | 1.278 .358 537 .0085
1/2-Inch Block Roughness, 6 Inches From Wall, Station 40
-3 0.899 |2.405 |0.274 0.114 |1.015 {0.209 0.503 0.0171
S = 7.80x10 U, = 0.270 fps .798 {2.480 .301 121 1.115 .254 .630 .0168
W=1.96 ft T = 0,201 1b/ft? .697 (2.510 .311 L124 1.152 .156 .392 .0163
Q = 1.53 cfs v = 1.068x10 > ft?/sec | .596 [2.520 | .311 .124 [1.152 .151 .380 .0154
7 =21.1°C R = 73,087 .495 [2.455 | .366 .127 |1.356 | -183 -449 0147
D = 0.413 ft F = 0.518 .394 (2,300 | .373 .162 | 1.381 -297 .683 .0129
V = 1.890 fps CfVg = 7.000 .293 |1.990 | .390 .196 | 1.444 .198 .394 .0098
.192 |1.480 | .383 259 {1.419 .192 .284 .0089
1/2-Inch Block Roughness, Channel Centerline, Station 45
0.899 (2,285 {0.190 0.083 { 0.701 |0.348 0.795 0.0153
= 7. 3 .798 12.250 .216 .096 .797 .208 .468 .0141
PO Rl S T .97 |2.150 | 1225 | (los | .sso | .427 | .o18| .omee
= 1. t T = 0.203 1b/ft
@ = 1.53 cfs v = 1.068x10 5 ft¥/sec | '35° 12.100 | .228 { .109 | .84l | .212 ] .d45|  .0138
7= 21.1 °C R = 73,092 .495 |2.000 | .237 .19 .875 .348 .696 .0135
D - 0.417 ft oozl .394 11,910 | .252 | .132 | .930 | .200 | .554|  .0127
7= 1.872 fps C//g_= 6.908 .293 [1.815 .290 .160 | 1.070 <136 .247 .0131
.192 (1.640 | .342 2209 | 1.262 -144 .236 .0116
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TABLE 8b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow Parameters 7 - TE Lx X.r
F mw | 7 |72 || rzp.
and Variables tgps) | (£ps) u u (sec) (ft) (ft)
1/2-Inch Block Roughness, 6 Inches From Wall, Station 45
- 0.899 {2.300 |0.256 0.111 | 0.945 }0.175 0.403 0.0165
S = 7.80x1073 U, = 0.271 fps .698 12.420 .278 .114 | 1.015 =173 .418 .0l48
W= 1.96 ft T =0.203 llw/_ft2 .697 |2.480 .285 115 1.052 »226 .560 .0152
Q = 1.53 cfs v = 1.068x10 ° ft?/sec .596 |2.480 .298 .120 | 1.100 -198 .491 .0144
T =21.1 °C R = 73,092 .495 |2.420 .325 .134 1.199 .187 .453 .0131
D = 0.417 ft F =0.511 .394 12.300 .342 .149 1.262 +202 .465 -0129
V = 1.872 fps C/6= 6.908 .293 |1.990 .353 .177 1.303 .176 -350 .0109
.192 |1.530 .417 .273 | 1.539 .200 .236 .0101
1/2-Inch Block Roughness, Channel Centerline, Station 5
0.899] 3.000|0.377 0.126 | 1.019 | 0.148 | 0.444 | 0.0200
5 = 14,57x103 U, = 0,370 fps .798( 3.090{ .408 .132 | 1.103 .214 .661 .0201
W=1.96 ft T = 0.376 1b/ft? .697| 3.105{ .387 125 | 1.046 .194 .603 .0186
Q= 2.10 cfs v = 1.068x10° ft?/sec .596| 3.140{ .405 2129 | 1.095 .193 .606 .0189
T=21.1"°C R = 100,321 .495( 3.050{ .416 .136 | 1.124 .158 .492 .0166
D = 0.414 ft F = 0.709 .394| 2.840| .450 .158 | 1.216 .172 .488 .0154
V = 2.588 fps C/V/g = 6.995 .203| 2.480| .464 187 | 1.254 151 | 374 0143
192 2.050| .528 .258 | 1.427 .160 328 0136
1/2-Inch Block Roughness, 6 Inches From Wall, Station 5
0.899| 3.310|0.425 0.128 | 1.149 | 0.187 0.618 | 0.0226
S = 14.57 103 U, = 0.370 fps .798| 3.480| .433 124 | 1.170 .160 .556 .0217
W =1.96 ft T = 0.376 1b/ft? .697| 3.530| .465 .132 | 1.257 .161 .568 .0229
@ = 2.10 cfs v = 1.068x10° ft2/sec .596] 3.480| .508 .146 | 1.373 .205 .714 .0206
T=21.1"° R = 100,321 .495| 3.295| .527 .160 | 1.424 .354 1.164 .0213
D = 0.414 ft F = 0.709 .394| 2.930| .569 194 | 1.538 273 .800 .0184
V = 2.588 fps C/Yg = 6.995 .293| 2.580| .591 229 | 1.597 | .136 .352 .0169
.192| 2.140| .547 .256 | 1.478 .189 .405 .0146
1/2-Inch Block Roughness, Channel Centerline, Station 10
0.899| 3.515| 0.300 0.085( 0.813 0.246 | 0.867"| 0.0306
S = 14,57x10° U, = 0.369 fps .798| 3.320] .375 .113| 1.016 .161 .535 .0273
W= 1.96 ft T = 0.374 1b/ft? .697| 3.130 .422 .135] 1.144 .140 .438 .0222
Q= 2.10 cfs v = 1,068x10° ft2/sec .596| 2.810[ .465 .165| 1.260 133 374 .0197
7 =21.1°C R = 100,326 .495| 2.600( .494 .190§ 1.339 .153 .398 10173
D = 0.411 ft F=o0.717 .394| 2.310| .485 .210{ 1.314 .167 .386 .0154
V = 2.607 fps 6'/»’9T = 7.065 .293( 2.000( .470 .235] 1.274 .238 .476 .0133
192 1.60s( .399 .249( 1.081 .213 .342 .0119
1/2-Inch Block Roughness, 6 Inches From Wall, Station 10
0.899] 3.200/ 0.189 0.059( 0.512 0.185| 0.592 0.0277
S = 14.57x10% U, = 0.369 fps 798| 3.180 .226 .071|  .721 2221 706 | 0268
W =1.96 ft T = 0.374 1b/ft2 .697) 3.150( .278 .088 .753 .159 .500 .0252
@ = 2.10 cfs v = 1.068x10° ft2?/sec .596{ 3.120( .304 .097 .824 .205 640 .0261
7 = 21.1 °C R = 100,326 .495) 3.060( .332 .108 .900 .215 .657 .0247
D = 0.411 ft F =0.717 .394f 2.990[ .359 120 973 .210 625 .0233
V = 2.607 fps C//g_ = 7.065 .293 2.840| .405 .143| 1.098 .247 .701 .0223
.192 2.530| .489 .193| 1.325 .262 .663 .0219
1/2-Inch Block Roughness, Channel Centerline, Station 15
0.899| 3.110| 0.421 0.135] 1.132
5 = 14.57x10° U, = 0.372 fps .798( 3.000] .51% .173] 1,395
W =1.96 ft T = 0.384 1b/ft? .697| 2.850[ .550 .193] 1.478
Q= 2,10 cfs v = 1.068x10° ft2/sec .596| 2.640] .581 .196] 1.562
7= 21.1°C R = 100,324 .495( 2.450] .574 .234} 1.543
D= 0.422 ft F = 0.689 .394/ 2.180] .568 .261} 1.527
V = 2.539 fps L‘/\/QT= 6.825 .293 2.040; .563 .276f 1.513
.192) 1.415 .380 .269| 1.022
1/2-Inch Block Roughness, 6 Inches From Wall, Station
0.899( 3.380} 0.164 0.049] 0.441
S = 14.57x103 U, = 0.372 £ps .798 3.4000 .169 .050 .454
W=1.96 ft T = 0.384 1b/ft2 .697| 3.390( .194 .057 .522
Q= 2.10 ft v = 1.068x107 ft?/sec 596/ 3.330 .200 060 .538
7= 21.1°C R = 100,324 .495 3,220, .270 .084| .726
D = 0.422 ft F = 0.689 .394 3.130 .337 .108| .906
V = 2.539 fps C/v/g_ = 6.825 .293 2.935 .456 .159| 1.226
192 2.7000 .381 .141) 1,024 | -==-- | -==== ---=-
1/2-Inch Block Roughness, Channel Centerline, Station 20
0.899 (3.010 | 0.389 0.129 1.049
.371 fps .798 | 2.805 .422 .150 1.137
.380 1b/ft2 .697 | 2.600 445 .171 1.199
.068x10° ft2/sec .596 | 2.360 | .440 .186 | 1.186
00,312 .495 | 2.100 .402 .191 1.084
.699 .394 | 1.910 .388 .203 1.046
908 .293 |1.720 .337 .196 .908
.192 | 1.400 .336 .240 906 |-====  fe===s femee-
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TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

Mean Flow Parameters 7 -5 TE L:c )‘:
; w | v |TaZ || g
and Variables (£ps)| (£ps) u u /U (sec) | (ft) (ft)
1/2-Inch Block Roughness, 6 Inches From Wall, Station 20
_ 0.899 | 3.400 {0.278 0.082
S = 14.57x103 U, = 0.371 fps .798 | 3.530 .242 .068
W = 1.96 ft T = 0,380 lb/ft? .697 {3.570 .247 .069
Q = 2.10 cfs v = 1.068x10% ft2/sec | .596 [3.560 | .245 .069
T=21.1° R = 100,312 .495 | 3.490 .283 .081
D = 0.418 ft F =0.699 .394 13,270 .368 .113
V = 2.563 fps C'//g_= 6.908 .293 |2.850 .463 .162
.192 12.390 .598 .250
1/2-Inch Block Roughness, Channel Centerline, Station 25
- 0.899 ]2.860 |0.344 0.120 | 0.937
S = 14,57x103 U, = 0.367 fps .798 |2.780 .390 .140 | 1.063
W =1.,96 ft T = 0,370 1b/ft2 .697 |2.675 .437 .163 | 1.191
@ = 2.10 cfs v = 1.068x10° ft2/sec .596 |2.600 .489 .188 | 1.332
T = 21.1 °C R = 101,483 .495 |2.470 L472 191 1.286
D = 0.407 ft F =0.736 -394 12.260 .411 .182 1.120
V = 2.633 fps C//g-= 7.256 .293 12.020 .433 .214 | 1.180
.192 |1.580 .325 .206 .886 [=-==-  |==mms |mmems
1/2-Inch Block Roughness, 6 Inches From Wall, Station 25
0.899 |3.390 |0.194 0.057
S = 14.57x103 U, = 0.367 fps .798 (3.490 .206 .059
W =1.96 ft T = 0.370 1b/ft? 697 |3.520 .203 .058
Q@ = 2,10 cfs v = 1,068x10° ft2/sec .596 [3.480 .208 .060
T=21.1° R = 101,483 .495 (3.370 | .310 .092
D = 0.407 ft F=0.736 .394 (3.090 .421 136
V = 2.633 fps C//g_ = 7.256 .293 |2.615 .513 .196
.192 {1.680 .452 .269
1/2-Inch Block Roughness, Channel Centerline, Station 30
- 0.899 12.910 |0.390 0.134 | 1.057
S = 14.57x10° U, = 0.369 fps .798 |2.850 .428 .150 | 1.160
¥ =1.96 ft T = 0,375 1b/ft2 .697 |2.700 .462 171 1.252
Q= 2.10 cfs v = 1.068x10° ft2/sec .596 2.530 .455 .180 | 1.233
T =21.1°C R = 100,338 .495 (2.370 .453 .191 1.228
D =0.412 ft F=0.714 .394 12,220 .506 2228 ] 1.371
V = 2.601 fps C//; = 7.049 .293 [1.950 .476 .244 | 1.290
.192 1.680 .442 .263 | 1.198
1/2-Inch Block Roughness, 6 Inches From Wall, Station 30
0.899 (3.520 |0.206 0.059 | 0.558
§ = 14.57x10° U, = 0.369 fps .798 |3.650 | .203 .056 | .550
W =1.96 ft T = 0.375 1b/ft2 .697 (3.690 .209 .057 .566
Q = 2.10 cfs v = 1.068x105 ft2/sec .596 13.640 | 244 .067 .661
T =21.1°C R = 100,338 .495 13.475 | .366 1205 | .992
D = 0.412 ft F=0.714 .394 |3.110 .492 .158 | 1.333
V= 2.601 fps C//g = 7.049 .293 {2.700 | .570 211 | 1.545
.192 |1.820 .454 .249 | 1,230
1/2-Inch Block Roughness, Channel Centerline, Station 35
_ 0.899 | 3.020 | 0,405 0.135 | 1.098 | 0.275 0.830 | 0.0236
S = 14.57x103 U, = 0.369 fps .798 [ 2.905 .447 .154 | 1.211 .297 .865 .0232
W =1.96 ft t = 0.375 1lb/ft? .697 |2.750 .424 .154 | 1.148 .320 .880 .0227
@ = 2.10 cfs v = 1.068x10° ft2/sec .596 | 2,610 .481 .182 | 1.304 .403 .836 .0209
T =21.1°C R = 100,338 .495 |2.470 .462 .187 1.252 . 266 .656 .0184
D = 0.412 ft F=0.714 .394 12,270 | .476 .210 | 1.290 | .161 .366 .0158
V = 2.601 fps C//g— = 7.049 .293 2.050 .459 .224 | 1.244 .258 .529 L0134
.192 | 1.820 .505 2277 | 1.369 .276 .503 .0123
1/2-Inch Block Roughness, 6 Inches From Wall, Station 35
_ 0.899 |3.370 [0.311 0.092 | 0.843 0.301 | 1.013 | 0.0294
5 = 14.57x103 U, = 0.369 fps .798 | 3.540 .309 .087 .837 171 4606 .0306
¥ =1,96 ft T = 0.375 1b/ft? .697 [3.600 .290 .081 .786 .286 | 1.030 .0283
@ = 2.10 cfs v = 1.068x10% ft2/sec .596 {3.600 .284 .079 .770 .190 .684 .0266
T =21.1"°C R = 100,338 .495 | 3.500 .341 .087 .924 .322 | 1.126 .0242
D = 0.412 ft F=0.714 .394 |3.250 .422 L1130 | 1.144 .235 .764 . 0209
V = 2.601 fps C//E= 7.049 .293 |2.810 .515 .183 | 1.396 .223 .627 .0198
.192 2,200 .587 .267 | 1.591 .249 .548 .0192
1/2-Inch Block Roughness, Channel Centerline, Station 40
0.899 [3.020 |0.397 0.131 1.076 | 0.238 | 0.719 0.0230
S = 14.57x10% v, = 0.369 fps .798 12,900 | .410 .41 | 1.1 .388 | 1,125 .0244
W =1.96 ft T = 0.375 1b/ft2 .697 12.830 .428 .151 1.160 .274 776 .0217
Q= 2.10 cfs v = 1.068x10% ft2/sec | .596 [2.700 | .451 .167 | 1.222 | .327 | .883 -0194
T =21.1°C R = 100,338 .495 |2.610 | .478 .183 | 1.295 318 .830 .0168
D = 0.412 ft F =0.714 .394 [2.470 .490 .198 | 1.328 .316 .780 -0151
V = 2.601 fps C//g_= 7.049 .293 |2.300 .487 .212 | 1.320 .230 .528 .0137
.192 1.825 .457 .250 | 1.238 .318 .580 .0120
1/2-Inch Block Roughness, 6 Inches From Wall, Station 40
0.899 [3.390 (0.271 0.080 | 0.734 0.341 | 1.157 0.0314
S = 14.57x103 U, = 0.369 fps .798 |3.500 .255 .073 .691 .254 .888 .0327
W =1.96 ft T = 0.375 1b/ft? .697 [3.530 .259 .073 .702 .183 .646 .0294
Q = 2,10 cfs v = 1.068x10° ft2/sec .596 |3.500 | .278 .079 .753 .314 | 1.099 .0285
T =21.1°C R = 100,338 .495 [3.400 | .356 .105 | .965 .298 | 1,018 .0276
D = 0.412 ft F=0.714 -394 13.100 .445 .144 | 1.206 .246 .762 .0241
V = 2.601 fps C//E = 7.049 .293 j2.670 .520 .195 | 1.409 .294 .785 .0198
2192 2.320 .750 .323 | 2.033 .388 .900 .0177
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TABLE 3b. — 2-foot-wide flume, rigid boundary, developing flow — Continued

TURBULENCE IN WATER

Mean Flow Parameters = = TE L:: )‘:
: ¥/D 17 w? /’%ﬁ =,
and Variables (eps) | (£ps) w % / (sec) (ft) (£ft)
1/2-Inch Block Roughness, Channel Centerline, Station 45
0.899 [3.030 [0.342 | 0.113 | 0.924 [0.369 | 1.118 | 0.0252
S = 14.57x103 U, = 0.370 fps .798 [3.010 | .395 .132 | 1.068 .451 | 1.356 . 0255
W= 1.96 ft T = 0,378 1b/ft- .697 [2.910 | .400 .137 | 1.081 255 | .743 .0226
Q= 2.10 cfs v = 1.068x10° ft2/sec .596 [2.800 | .407 .145 | 1.100 218 | .610 .0241
7= 21.1°C R = 100,338 .495 |2.710 | .442 .163 | 1.195 .325 .881 .0192
D = 0.416 ft F =0.704 .394 (2.570 | .442 172 | 1.195 377 | 970 .0180
V = 2.576 fps C/Vg = 6.962 293 [2.420 | .430 178 | 1.162 .301 | .729 0172
192 2,280 | .490 215 [1.324 372 | .848 .0164
1/2-Inch Block Roughness, 6 Inches From Wall, Station 45
0.899 |3.260 |0.268 | 0.082 |0.724 |0.313 | 1.020 | 0.0302
S = 14.57x10° v, = 0.370 fps .798 [3.405 | .275 o8l | .743 | .225 | .766 | .0320
W= 1.96 ft T = 0.378 1b/ft? 697 [3.450 | .271 679 | .732 .405 | 1.397 .0308
Q= 2.10 cfs v = 1.068x105 ft2/sec .596 [3.415 | .297 .087 .803 .440 | 1.500 .0277
P = 21,1 °C R = 100,338 495 |[3.300 | .351 .106 | .949 .467 | 1.584 0233
D = 0.416 ft F =0.704 ,394 13,050 | .400 .131 | 1.081 464 | 1.413 .0206
V = 2.576 fps C/Yg = 6.962 .293 [2.620 | .460 .176 | 1.243 501 {1.311 .0183
192 [2.020 | .475 .235 |1.284 245 | .495 .0148

TABLE 3c. — 2-foot-wide flume, rigid boundary, yawed-film results

- Ve Y= Measured | Calculated
MNean flow parameters 7 w2 — — v2 =i S bri w /52 we/u?
and variasbles 2 | (gps) | (£ps) "l | Tl (£ps) “2/ v (1§s/ft2) (1b§/ft2) A /o
Station 6 feet - 3 inches right of centerline
S = 5.04x10°° U, = 0.216 fps 0.900 (1.550 | 0.170 | 0.110 | 0.790 | 0.136 | 0.088 | 0.630 { 0.0103 0128 0.002 0.114
W= 1.9 ft T = 0.128 1b/ft? .800)1.530] .170 .111 .790 .132 .086 .612 <0274 L0246 .006 302
Q=0.78 ¢fs v = 1.068x1075 gr2/gec | -700 |1.520} .171 .113 .800 .139 .091 .644 | 0338 .0384 .008 .373
T=21.1"¢ R = 37,250 .600 | 1.450| .178 .123 .820 .143 .099 .663 | 0417 .0512 .010 .461
D = 0.408 ft  F = 0.269 .500 {1.380| .220 .160 | 1.020 177 .128 | .818 | .0621 0641 .017 .686
7= 0.975 fps ¢//g = 4.51 .400 [ 1.260 .221 .175 | 1.020 .168 | .133 .778 | .0645 .0768 .021 .712
- 2340 [ 1.190| .219 .184 | 1.010 .174 146 .806 | .0672 .0842 .024 L742
.280 [1.120( .217 .193 | 1.008 171 .152 .792 | .0508 .0919 .021 .561
.220 | 1.040] .237 .227 | 1.094 .181 174 .840 | .0293 . 0996 014 .324
2 2
Station 15 feet ~ 3 inches right of centerline
S = 5.04x10"° U, = 0.216 fps .900 | 1.520| .165 .108 | .764 .127 084 | .590 [ .0335 0128 0.007 | 0.370
W=1,96 ft T = 0.128 1b/ft? .800 | 1.480 [ .182 .123 | .843 .139 .094 .645 | .0399 0246 .009 &bl
Q=10.78 cfs v = 1.068x1075 fr?/gec| .700|1.450] .199 | .137 [ .922 | .161 | .111 [ .746 | .0477 -0384 .012 .527
T=21.1 % R = 37,250 .600 | 1.430| .204 .143 L945 .158 .101 .732 | .0596 0512 015 .658
D= 0.408 ft  F = 0.269 .500 | 1.400 | .216 .154 | 1.000 173 124 .801 | .0704 0641 .019 .778
5 = 0.975 fps C//g = 4.51 .400 11.250) .213 | .170 .986 .166 132 .768 [ .0761 .0768 .025 841
L340 | 1.170| .196 .167 | .908 .170 145 .788 | .0734 .0842 .028 .811
.280 | 1.040| .188 | .181 .872 .155 .149 .718 | .0762 .0919 .036 842
2220 { .880| .193 .219 .894 . 149 .170 .691 | .0583 .0996 .039 644
b ook} £
Station 6 feet - 3 inches right of centerline
S = 13.25X10°7 Us = 0.350 fps 900 | 2.390| .260 | .108 | .744 196 082 560 | -0288 10335 0.003 | 0.121
W=1,9 ft T = 0.335 1b/ft? .800 | 2.300| .282 .123 .805 .231 .00 | .659 | o470 .0670 .005 .198
Q=1.21 cfs v = 1.068x10~° ft?/sec| .700|2.200| .301 .136 .860 246 .112 .703 | .0935 1005 .010 .393
T = 21,1 °C R = 57,800 .600 | 2.030 | .347 171 .992 .268 | .132 .766 | .1334 1340 .017 .561
D = 0.405 ft  F = 0.422 .500 | 1.800| .370 | .205 | 1.056 .302 .167 .863 | .1440 1675 .023 .606
¥ = 1.524 fps C/Vg = 4.35 .400 | 1.590 .383 | .241 | 1.093 .297 .186 .848 | .1458 .2001 .030 614
.340 1 1.430| .377 | .263 | 1.079 .304 | .212 .870 { .1386 2171 .035 .583
.280 | 1.230| .319 .259 913 .273 .222 .780 { .0953 .2370 .033 401
2220 )11.010] .307 | .304 .877 .255 .253 .730 | 0616 . 2568 2031 .259
Station 15 feet - 3 inches right of centerline
§ =13.25%x107° ux = 0.350 fps .900 ] 2.400] .281 117 803 232 097 1663 | -0590 0335 0.004 | 0.206
W= 1.96 ft T = 0.335 1b/ft? .800 | 2.340| .283 | .121 .809 .226 .097 .645 | .0622 .0670 .007 .262
Q = 1.21 cfs v = 1,068x10"° ft?/gec| -700{2.290| .337 147 .964 .263 .115 .751 .0873 .1005 .009 .367
T = 21,1 °C R = 57,800 .600 | 2.210| .348 .158 .995 .278 .126 .795 | .1337 .1340 014 .562
D=0.405 ft F - 0.422 .500 | 2.110| .421 | .200 | 1.121 324 .153 .925 | .1408 .1675 .016 .592
= = 1.524 £ps CIV .400 | 2.030| .352 .173 | 1.005 .298 | .147 .853 | .1423 .2001 .018 .599
v= 1L ps C/vg = 4.35 .340 [ 1.950| .374 | .192 | 1.070 | .305 [ .156 | .873| .1481 L2171 .020 .623
.280 [ 1.880] .339 .180 .970 .286 .153 .816 | .1415 .2370 .021 .595
.22011.790{ .326 .183 .933 .253 | .141 L7264 | .1189 .2568 .019 .500
Station 6 feet - 3 inches right of centerline
S = 20.54x107° U, = 0.438 fps
W= 1,96 ft T = 0.527 1b/ft? .800 |2.880| .336 116 .766 .247 | .086 564 ) L1025 .1054 0.006 | 0.275
Q = 1.56 cfs v = 1,068x107° ft2/sed -700 [2.740 ( .371 .135 .848 | .303 115 693 1454 .1580 .010 425
T=21.1° R = 74,540 .600 12.600 | .404 .155 .922 .331 W27 L7558 .1827 .2108 014 491
D = 0.411 ft F = 0,532 .500 }2.400 | .483 | .201 | 1.112 .387 .161 .883 2364 .2637 .021 635
T = 1.937 fps C/vg = 4.42 -400 |2.000 | .566 .283 | 1.2901 472 .235 | 1.078 L3116 3161 040 .837
2340 |1.720 | .613 .356 | 1.400 496 .288 | 1.132 .2849 . 3489 .050 .766
.280 |1.360| .587 | .432 | 1.340 458 .337 | 1.050 .2017 .3820 .056 542
.220 :980 | .553 ) .564 | 1.262 . 419 427 -956 ,1523 .4133 -082 . 409
Note: Scales of turbulence are given in table 3b,
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TABLE 3¢. — 2-foot-wide flume, rigid boundary, yawed-film results — Continued

Mean flow parameters 7 '/;—? ',v= Measured | Calculated| __
and variables ¥/p /20 | /=, 0 | /=i ow 0w w/i?| wfu?
sy | p) | T | A (e | 7T | T AN TN /v
Station 15 feet - 3 inches right of centerline
S = 20.54x107° U, = 0.438 fps .900 |2.930| .s45 .186 | 1.244 L441 .150 | 1.004 L0422 .0527 0.003 0.113
W= 1.96 ft T = 0.527 1b/ft? .800 {2.840( .495| .175 | 1.130 [ .398 | .140 { .907 0941 1054 .006 .253
Q = 1.56 cfs v = 1.068x10"° ft’/seJ L7200 {2,700 .s36| .198 [ 1.222 .426 | .158 | .973 1311 .1580 .009 .352
T = 21.1 ° R = 74,540 .600 |2.660 .539 | .203 | 1.227 bbb .166 | 1.012 .1910 .2108 014 513
D = 0.411 ft F = 0.532 .500 |[2.550 .597 | .234 | 1.360 L6473 .186 | 1.080 .2365 .2637 019 -635
V = 1.937 fps C/Vg = 4.42 .400 12.360 | .614| .260 | 1.400 | .502 212 | 1.142 .2880 .3161 .027 774
L340 (2,220} .609f .274 [ 1.386 { .486 | .219 |1.109 2722 L3489 .028 2731
.280 |2.090 .626 | .300 | 1.430 L4717 .228 |1.088 .2708 . 3820 .032 728
Station 6 feet - 6 inches right of centerline
s = 2.95x10"° Uy = 0.164 fps .900 |1.370 .163 | .119 .994 131 .096 .798 -0101 L0074 0.004 } 0.194
W=1.9 ft T = 0.073 1b/ft? .800 [1.420 .179| .126 | 1.091 | .147 | .1203 | .897 .0160 .0147 004 .307
Q = 0.88 cfs v = 1,068¥10"° ft?/sed .700 |1.440 .200) .139 | 1.220 .165 .114 | 1.004 0258 .0221 .006 .495
T =21.1° R = 42,030 .600 |1.450 | .216 | .149 [ 1.316 | .172 | .119 [1.048 .0394 0294 .010 755
D = 0.399 ft F = 0.314 .500 {1.400 .224| .160 | 1.365 .184 .131 |1.121 .0478 .0368 .013 .916
7 = 1.125 fps c//g = 6.86 .400 [1.300 L1921 .148 | 1.172 176 .136 {1.073 0403 L0431 012 -773
L340 |1.240 .187| .151 | 1.141 .163 .131 .993 0389 .0486 .013 746
.280 ]1.130 .183 ) .162 | 1.118 144 .128 .878 .0275 0537 .011 .527
0220 }1.002 (152§ 152 .928 (118 108 | .721 -0172 .0580 .009 .330
Station 15 feet - 6 inches right of centerline
S = 2.95x10"° Uy, = 0.164 fps .900 1.370 .143 104 .872 107 078 654 .0088 .0074 0.002 0.169
W= 1.96 ft T = 0.073 Ib/ft? .800 |1.390| .160| .115 | .976 | .119 | .086 | .726 0154 0147 .004 .295
Q = 0.88 cfs v = 1.068x10"° ft?ssed .700 |1.420 | .185| .130 [ 1.126 | .148 | .104 | .903 0263 .0221 .007 504
T = 21.1 °C R = 42,030 .600 [1.430{ .207( .144 | 1.261 { .173 | .121 |1.054 .0316 0294 .008 606
D = 0.399 ft F = 0.314 .500 [1.420| .226| .159 [ 1.378 | .179 [ .126 |1.092 .0405 .0368 .010 .776
v = 1.125 fps C/Vg = 6.86 .400 |1.380 1 .2s2] .182 | 1.540 | .193 | .140 [1.177 .0437 L0431 012 .838
360 |1.340 | .248] .185 | 1.511 | .196 | .146 [1.195 0419 .0486 .012 .803
.280 1.240| .241| .195 | 1.468 | .188 | .152 [1.147 .0398 0537 .013 .763
2220 §1.150§ 237 .206 J 1.445 | .175 | .152 }1.067 .0366 . 0580 014 701
) Station 6 feet - 6 inches right of centerline
§ = 7.80x10-7 Uy = 0.272 fps 0.900 | 2.230( @.273 | @.122 | 1.003 | 0.194 | 0.087 | .713| o196 -0380 0.002 [ 0.137
W=1.96 fr T =0.205 1b/fe? .800 |2.320] .301 | .130 | 1.104 | .227| .098| .835| o3s3 -0760 -004 -267
Q = 1.53 cfs v = 1.068x10~°% ft2/sed .700 | 2.4001 .346 44 | 1.272 .273 .114 | 1.003)] * .1140 .004 .299
T=21.1°% R = 73,084 .600 | 2.470} .380 | .154 | 1.396 1 .306 | .124] 1.125 323279 .1520 .005 bbb
D = 0.421 ft F = 0.504 .500 | 2.500| .450 .180 | 1.650 344 .138 | 1.266 | "go3g 1900 .006 514
7= 1.854 fpscpg = 6.82 400 |2.370| .514 | .216 | 1.900{ .398 [ .168 | 1.464 | "j4c0 .2280 .010 .739
.340 | 2.200] .497 .226 | 1.825 402 [183 | 1.478| "1 -2496 .015 1.007
.280 (2.010) .470 { .234 | 1.724 .383| .191| 1.409| 7145 .2731 .015 .798
220 |1.770] .408 | .230 j 1.503 ] .327 | .185] 1.203] -1047 .2952 ,017 .729
w2, L
Station 15 feet - 6 inches right of centerline
S = 7.80x10~° U, = 0.272 fps 900 |2.510] .289 | .115 | 1.062 ] .235| .0931 .866] .0201 0184 0.002 | 0.140
W= 1.96 ft T = 0.205 1b/ft? .800 [ 2.5201 .348 | .138 | 1.278{ .266) .105| .9781 .0332 .0760 .003 .231
Q=1.53 cfs v = 1.068<10-5 ft?/sed .700 | 2,510 .360 | .143 | 1.323} .292 | .116 | 1.074| .0598 .1140 .005 417
T=21.1°C R = 73,084 .600 | 2.470] .377 | .153 ] 1.386| .301| .122| 1.107| .0665 .1520 .006 463
D= 0.421 ft  F = 0.504 .500 |2.410| .362 | .150 | 1.330| .201] .121| 1.071 .0862 .1900 .008 .601
__ - .400 {2.350| .373 | .158 | 1.371| .307  .131§ 1.128] .1l121 .2280 .010 .781
v = L.854 fps C//E = 6.82 .360 | 2.270( .377 | .166 | 1.386 | .304 | .134] 1.123} .1088 2496 011 .758
.280 | 2.180( .382 [ .175 [ 1.404] .316) .145| 1.161| .14%% 2731 .016 | 1.013
.220 }2,060) .442 | .214 ) 1.623) .363| .176| 1.336| .1575 ..2952 .019 | 1.097
Station 6 feet - 6 inches right of centerline
S = 14.57%x107° U, = 0.371 fps
W= 1.96 ft T = 0.380 1b/ft? .800 |3.480 |0.433 |0.124 | 1.169 | 0.358 | 0.103 | 0.963 | .0380 0411 0.002 | 0.142
Q=2.10 cfs v = 1.068x10”° ft?/sec|.700 [3.530 | .465 | .132 | 1.253 | .364 | .103 | .978 | .0658 .0616 .003 246
T =21.1 % R = 100,310 .600 |3.480 | .s08 | .146 | 1.372 | .407 | .117 | 1.096 | ,0827 .0822 .004 .310
D = 0.418 ft F=0.699 .500 [3.295 | .527 .160 | 1.420 .413 J125 | 1,110 | .1366 .1026 .007 .512
7 = 2.563fps C/7E = 6.91 .400 12.930 | .569 | .194 | 1.532 | .466 | .159 | 1.255 | .1822 .1231 .01 .682
340 J2.710 | .580 | .214 | 1.562 | .448 | .165 | 1.204 | 1829 .1332 .013 .685
.280 |2.480 [ .591 | .238 | 1.591 | .471 .190 | 1.269 | ,1871 1454 .016 .701
220 [2.190 | .547 | .250 | 1.473 | .435 | .198 [ 1.170 | 3543 .1575 017 § 578
Station 15 feet - 6 inches right of centerline
S = 14.57%10° % y, = 0,371 fps 1900 [3.380 | .164 | .048 | .442 (153 | .045 | .413 ] .0325 10206 0.002 | 0.122
W= 1.96 ft T = 0.380 1b/ft? .800 [3.400 | .169 | .050 | .456 .137 | .040 | .370 | .0721 .0332 .003 .270
Q= 2.10 cfs v = 1.068x10"° ft2/sec|.700 |3.390 | .194 | .057 | .523 .166 | .049 | .448 | .1163 .0598 .005 436
T=21.1° R = 100,310 .600 {3.330 | .200 | .060 | .540 .174 | .052 | .468 | .1428 .0822 .007 .535
D=0.418 ft F = 0.699 .500 {3.220 | .270 | .084 | .727 233 | 072 | .628 | .1799 .1026 .009 674
. _ .400 }3.130 ] .337 | .107 | .908 284 | .091 | .766 | .2064 .1231 .011 773
v = 2363 fps gh = 6.91 T340 |2.950| .386 | -131 |1.061 | .325 [ .110 | .876 | .2181 1332 013 | 817
.280 |2.870| .456 .162 | 1.231 .372 .130 | 1.001 | .2316 L1454 .015 .867
.,220 [2.740 | .381 1.0%6 .328 | 120 ] 884 4 1908 1575 .013 715
Note: Scales of turbulence are given in table 3b.
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TURBULENCE IN WATER

TABLE 4. — 4-foot-wide flume, rigid boundary

Mean Flow Parameters ¥/ 7 v 7 TE ['.r Aa:
and Variables (£ps) | (£ps) (sec) (ft) (ft)
Smooth Boundary, Channel Centerline
0.963| 1,096 [0.027 |0.025 |0.613 [2.342 (2.566
.908 [ 1.090 | .024 .022 .546 |1.566 [1.706
.854| 1.091 | .023 .021 .520 [L.405 [1.532
B 799 1.102 | .022 .020 500 [1.432 |1.578
S = 0.0928x103 U, = 0.044 fps .744| 1.110 | .023 .021 520 [2.043 [2.267
.690 | 1.110 | .024 .022 546 [1.373 1.920 | -----
W= 3.87 ft T = 0.0036 1b/ft? .635| 1.108 | .026 023 .593 [1.422 [1.575 .025
.580| 1.095 | .029 026 .661 [1.516 [1.660 | -----
Q = 3.67 cfs v = 1.62x1075 ft?/sec .526| 1.077 | .033 .031 .750 1.995 [2.148 .034
o .471(1.055 | .037 .035 840 [1.620 (1,709 | -----
r=52"% R = 58,500 .416] 1.001 | .040 .040 .910 1.581 [1.582 .033
.362| .970 | .044 .045 |1.000 [2.724 [2.642 | ~----
D = 0.915 ft F = 0.191 .307| .938 | .046 .049 |1.045 [1:504 [1.410 | .030
_ .252( .907 | .053 .059 1,211 [2.565 [2.326 | -----
7 = 1.036 fps C/V/g = 22.6 .198| .879 | .057 .065 11.300 [1.853 [1.628 .026
.143| .845 | .061 .072 {1.388 [1.575 [1.565 | -----
.089| .797 | .069 .087 |1.570 (1.558 [1.265 .021
.034| .700 | .088 125 |2.000 [2.064 [1.444 | --—--
.025| .647 | .099 .153 |2.250 [1.525 | .986 .018
.017| .615 | .110 .179 |2,500 [1.002 | .616 | -----
Smooth Boundary, Between Channel Centerline and Wall
0.963| 1.007: [0.026 |0.026 |0.592 |1.335 [1.344
908 [ 1.012 | .026 .026 .592 {1.431 [1.448
.854 1 1.042 | .026 .025 568 [1.433 [1.493
.799 | 1,077 | .025 .023 .524 (1.450 [1.561
B .744] 1.105 | .023 .021 .477 [1.523 [1.682
S = 0.0928x10° U, = 0.044 fps .690 | 1.110 | .025 .023 524 [1.355 [1.504
.635| 1.107 | .027 .025 .568 [1.333 ﬂ.us
W = 3.87 ft T = 0.0036 1b/ft? .580 | 1.094 | .029 .026 .592 [1.426 [1.560
_ .526| 1.075 | .032 .030 | .683 [1.283 Ell.379
Q = 3.67 cfs v = 1.62x10°5 ft?/sec .471| 1.046 | .034 .033 .749 [1.640 [1.715
o .416( 1.001 | .037 .037 .843 [2.337 [.339
r=5.2°% R = 58,500 .362| .970 | .039 .040 .910 [1.351 [1.310
.307| .938 | .046 .049 1.045 [1.504 11.410
D = 0.915 ft F=0.191 .252| .908 | .054 .060 [1.228 [1.412 [1.282
_ .198 | .880 | .063 .072 |1.436 [1.821 [1.602
V= 1.036 fps C/Vg = 22.6 .143| .846 | .067 .079 [1.522 [1.492 [1.262
.089 | .797 | .071 .089 [1.612 [2.133 [1.700
.034| .700 | .083 .119 |1.886 [1.324 |.926
L025| .671 | .096 .143 |2.181 [1.247 | .836
.016| .610 | .105 172 2.386 J1.201 | .732 | --=--
.009 | .541 | .123 228 [2.800 |.943 |.510 | -----
3/4-Inch Rock Roughness, Channel Centerline
0.943 [ 1.132 [0.048 [0.042 [0.593 p.824 |.932 | 0.018
.890 | 1.123 | .051 .045 630 1.214 1.363 | -----
. .836 | 1.120 | .051 .046 630 |.747 |.836 | .020
S = 0.324x18° U, = 0.081 fps .782 | 1.124 | .054 .048 667 | .690 | .775 | ----~
.729 | 1.126 | .057 .051 .704 |.716 | .806 .020
W = 3.87 ft T = 0.0128 1b/ft2 675 | 1.124 | .061 .054 .754 0.349 [1.516 | -----
.622 | 1.120 | .062 .055 767 | .647 | .724 | .021
Q = 3.071 cfs v = 1.72x105 ft2/sec .568 | 1.120 | .064 .057 781 | .821 [.919 | -----
o .514 | 1.101 | .067 .061 .828 |.769 | .846 .020
r=27°% R = 46,100 .461 | 1.067 | .072 .068 .888 |.763 | .814 | -=---
.407 | 1.012 | .073 .072 .903 | .656 | .669 .018
D = 0.933 ft F = 0.155 .354 | 954 | .077 .081 [1.000 1.095 [.044 | -----
- .300 | .900 | .083 .092 |1.025 |.654 |.588 .016
V= 0.849 fps C/Vg = 10.50 .247 | .847 | .085 .100 [1.050 |.765 |.647 | -----
193 | .785 | .089 .113 {1.098 |.696 | .546 .016
139 | .695 | .097 .140 |1.198 [1.061 |.716 | =----
.086 [ .570 | .119 .209 {1.470 |.679 | .387 .014
.032 | .340 | .136 400 |1.679 |.445 |.153 | .009
3/4-Inch Rock Roughness, Between Channel Centerline and Wall
0.943 | 0.867 | 0.043 | 0.050 | 0.531 [1.255 [1.088
.890 | .870 | .045 .052 .554 | .835 | .726
.836 | .879| .047 .053 .581 | .629 | .525 j-=---
5 = 0.324x10% U, = 0.081 fps .782 | .886| .051 .058 .630 | .783 | .693
.728 | .889 | .054 .061 .667 | .665 | .591
W = 3.87 ft T = 0.0128 1b/ft? .675 | .889 | .055 .062 679 | .734 | .652
. .622| .880 | .058 .066 716 | .755 | .664
Q = 3.071 cfs v = 1.72x10° ft?/sec .568 | .865| .062 .072 765 11.349 [1.166
o .514 | .842 | .065 077 .803 | .813 | .684
T=2.7°% R = 46,100 .461 | .829 | .071 .086 .876 | .498 | .412
.407 | .827 | .068 .082 .840 | .949 [ .784 [-----
D = 0.933 ft F = 0.155 .354 | .8381 .074 .088 913 | .766 | .641
_ .300 | .842| .077 .092 .951 | .913 | .768
V = 0.849 fps C/Vg = 10.50 .274) .830| .082 .099 | 1.012 | .831 | .689
.193 | .719 | .086 .119 | 1.061 | .841 | .585
139 | .661 | .094 .142 | 1.160 [1.042 | .688
086 | .567 | .111 .195 | 1.370 | .644 | .365
.032 | .334| .129 .385 | 1.592 | .473 |.157 |------




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES B51

TABLE 4. — 4-foot-wide flume, rigid boundary — Continued

Mean Flow Parameters 5 | 7= ;—_/— — Tg Iy A2
and Variables v (fgs] e |7 TV seor | 0 | 0
Riverbed Roughness, Channel Centerline
0.934 11.219 ] 0.089 0.073 | 0.851 ]0.833 .015  |-----
.885|1.210 .090 .074 .862 .942 [.139 [-----
.835|1.200| .091 .076 .872 .922 P.IOG —————
- .785 (1.190 | .093 .078 .890 | .734 .873
S = 0.443x103 U, = 0.1045 fps .736 [1.172 .094 .080 .900 .692 .811
.686 | 1.155 .096 .083 .918 .742 .857
W= 3.87 ft T = 0.0212 1b/ft? .636 | 1.130 .099 .088 .947 .739 .835
N .586 | 1.100 .102 .093 .976 .889 .977
Q = 3.205 cfs v = 1.73x10° ft?/sec .537 [ 1.066 .105 .098 | 1.004 .610 | .650
° .487 | 1.022 .107 .104 | 1.025 .689 .704
T =265 C R = 47,800 .437 | 1.012 110 .108 | 1.053 .633 .640
.388 .919 113 .123 1.081 {1.080 .992
D = 0.945 ft F =0.158 .338 .851 .118 .139 | 1.129 -801 .681
_ .288 .798 .127 .159 | 1.215 .676 | .539
V = 0.875 fps C/fg_ = 8.4 .239 .730 .133 .182 1.273 .614 .448
.189 .649 .139 .214 | 1.330 .854 .554
.139 .548 .152 .277 | 1.456 {1.016 .556
.089 .410 173 .422 1.654 .861 .353
.040 .282 .197 .699 | 1.884 .420 118
Riverbed Roughness, Between Channel Centerline and Wall
0.947 | 1.049 | 0.089 0.084 | 0.851 ]0.861 [.903
.894 [ 1.049 .086 .081 .823 .816 .855
~ .841 | 1.065 .087 .081 .832 .737 .784
5 = 0.443x103 U, = 0.1045 fps .788 | 1.095 .090 .082 .861 [1.348 [1.476
.735 |1.115 .093 .083 .890 .837 .933
W= 3.87 ft T = 0.0212 1b/ft? .683 [ 1.099 .097 .088 .928 [1.291 11.418
N .598 [1.072 .101 .094 .965 .913 .978
Q = 3.205 cfs v = 1.73x105 ft2/sec .545 [ 1.071 .107 .099 1.024 .763 .817
o .492 [1.028 .106 .103 | 1.013 .671 .689
T =2.65 C R = 47,800 .439 .977 L113 .115 | 1.081 .693 .677
.386 .914 .116 .118 | 1.110 .814 .743
D = 0.945 ft F = 0.158 .333 .843 | 121 .143 | 1.158 .843 .710
— .280 .788 .129 .163 | 1.236 .613 .483
V = 0.875 fps C/»’g; = 8.4 .228 .714 .134 .187 | 1.282 .734 .524
.175 .621 .141 .227 | 1.350 .947 .588
.122 .502 156 .310 | 1.493 .614 .308
. 069 .362 .181 .500 | 1.731 .812 .293
.016 .168 .233 I 1.386 | 2.228 .737 .123
Smooth Boundary, Channel Centerline
S = 0.1427x103 U, = 0.0415 fps 0.928 [0.97 |0.031 0.032 | 0.748 {1.594 [1.546
W= 3.87 ft T = 0.0037 1b/ft? .833 .96 .034 .035 .821 (1.858 (1.782
@ = 1.643 cfs v = 1,778x10° f£t?/sec | .739 | .95 | .036 .038 | .916 |1.346 |1.278
T=283°T3 R = 25,300 .644 .94 .039 .041 .988 |1.639 (1.539
D = 0.528 ft F = 0.206 .549 .92 .044 .048 | 1.156 |1.594 |1.467
V = 0.852 fps C//g_= 20.5 .455 .90 .049 .054 1.300 {2.099 [1.885
.360 .88 .051 .058 | 1.399 |1.519 [1.334 [-----
Smooth Boundary, Channel Centerline
0.924 {1.16 |0.028 0.024 | 0.583 |1.519 [1.762 |--=--
~ .816 | 1.17 .026 .022 .540 |1.673 [1.960
5 = 0.162x103 U, = 0.0482 fps .762 (1.17 .026 .022 .540 11.998 ]2.331
W =3.87 ft T = 0.0066 lb/ft? .654 | 1.16 .029 .025 .602 11.467 [1.703
Q = 3.888 cfs v = 1,778x10° £t2/sec | .545 |1.15 | .032 .028 665 [2.021 [2.320
T=8.3°C R = 57,100 .437 |1.13 .036 .032 .748 [1.462 [1.648
D =0.924 ft f = 0.201 .329 {1.09 .043 .040 .894 |1.329 [1.447
¥V = 1.098 fps C//g- = 22.8 .221 (1.04 .052 .050 | 1.081 865 .902
.113 .94 .068 .072 | 1.411 11.480 |1.392
.040 .78 .093 2119 | 1.934 [1.283 [1.000
1 1/2-Inch Rock Roughness, Channel Centerline
0.951 {0.86 | 0.064 0.074 | 0.922 {0.757 [0.650
- .898 .85 .067 .079 .965 .803 .682
S = J.3939x103 U, = 0.0694 fps 791 .83 .071 .086 } 1.022 .919 .763
W= 3.87 ft T = 0.0093 1_b/ft2 .684 .81 .077 .095 | 1.110 732 .582
] 1.303 cfs v = 1.778x10° ft?/sec .578 .79 .082 .104 | 1.183 .845 .667
Ir'=8.3"C R = 17,200 .471 .74 .084 .113 | 1.210 .787 .583
D = 0.469 ft F = 0.185 . 365 .68 .088 .129 | 1.267 .781 .532
V=0.72 fps C/¥g = 10.4 .258 | .62 | .097 .156 | 1.398 | .880 | .545
.151 .51 .114 .224 | 1.643 .713 .366
.087 .42 .119 .284 | 1.716 .686 .288 | T70C
1 1/2-Inch Rock Roughness, Channel Centerline
$ = 0.3667x10° U, = 0.085 fps 0.900 j1.16 | 0.067 0.058 | 0.788 |0.873 [1.012 |~-==-=<
¥ = 3.87 ft T = 0.0141 l_b/ft2 .676 |1.09 .079 .072 .929 .944 [1.029
Q 3.458 cfs v = 1.778x10° ft?/sec .452 .98 .084 .086 .988 737 .723
T=28.3°7C R = 48,000 .228 .83 .103 .124 | 1.212 .829 .687
D = 0.892 ft F=0.178 .037 .51 .137 .268 | 1.613 .668 .342
V = 0.956 fps C/vVg = 11.2




B52 TURBULENCE IN WATER

TABLE 4. — 4-foot-wide flume, rigid boundary — Continued

Mean Flow Parameters ¥/
and Variables

- = E k4 x
[ 2 % —f/U ==,
(£ps) (f;s) u u /’l (sec) (ft) (ft)

Riverbed Roughness, Channel Centerline

0.960 [0.94 |[0.098 0.104 | 0.984 10.981 [0.921

s 0.0996 fps .866 | .93 .080 .086 .804 | .706 | .656
W 0.192 1b/ft2 L7711 .91 .086 .095 .865 | .817 | .744
Q 1,778x10°5 ft2/sec 676 1 .89 .104 .117 | 1.043 | 722 | .642
7 18,700 .581 | .86 .110 128 | 1.105 | .697 | .600
D 0.189 .487 | .83 124 149 | 1.246 | .741 | .615
7 7.8 .392 | .77 .143 .186' | 1.436 | .811 | .624
.297 | .70 .162 .231 | 1.628 | .871 | .610
.203 | .60 164 274 1 1.647 | .711 | .427 | --=="

Riverbed Roughness, Channel Centerline

S = 0.0948 fps 0.906 |1.20 [0.076 0.063 | 0.803 0.813 [0.975
W= 0.0174 I_b/ft2 .730 |1.18 .082 .069 .866 [1.219 |1.434
Q= 1.778x10° ft2/sec | .553 [1.12 | .094 .083 | .993 |.761 | .853
T = 41,900 .377 |1.01 <099 .098 | 1.047 .868 .876 | -----
D= 0.167 .260 .89 .117 .132 1.236 .829 737 | e
V= 9.2
TABLE 5. — 8-foot-wide flume, rigid boundary
Mean Flow Parameters D 7 |7 =z E/ﬁ f:f/ll 75 Ly e
i «
and Variables (eps) | (fps) u u (sec) (ft) (ft)
Flume Centerline, Station 5 Feet - Parabolic Sensor
A
0.900 | 1.220 | 0.037 0.030 |0.2891
.800 [ 1.150 .035 .030 .2734
5 = 0.505x103 U, = 0.128 fps .700 [ 1.170 .038 .032 .2969
W =28.0ft T = 0.042 1_b/ft2 .600 | 1.160 .042 .036 .3281
@ = 10.23 cfs v = 1,12x10° ft2/sec .500 |1.130 | .050 .044 | .3906
r=18.9"C R = 123,000 .400 { 1.090 .067 .061 .5234
D = 1.335 ft F = 0.146 .300 .990 .130 .131 |[1.0160
V = 0.964 fps c/-’i = 7,53 .200 .760 .166 .218 |1.2970
.100 .390 .157 .402 }1.2270
.050 190 .031 .163 L2422
Flume Centerline, Station 10 Feet - Parabolic Sensor
0.900 | 1.270 | 0.029 0.023 |0.2266
- .800 11,220 .028 .023 .2188
S = 0.505x103 U, = 0.128 fps .700 | 1.210 .034 .028 .2656
W= 8.0 ft T = 0.042 1b/ft? .600 | 1.190 .048 .040 .3750
Q= 10.230cfs v = 1.12x10% ft2/sec .500 | 1.130 .081 .072 .6328
T=18.9C R = 123,000 .400 | 1.050 .108 .103 .8438
D = 1.335 ft F = 0.146 .300 .890 .161 .181 |1.2580
V=0.964 fps C /g_ = 7.53 .200 .720 183 .254 |1.4300
.100 .350 .164 .469 |1.2810
.050 .180 .024 .133 .1875
Flume Centerline, Station 15 Feet - Parabolic Sensor
0.900 | 1.310 | 0.032 0.024 |0.2500
- .800 | 1.270 .034 .027 .2656
S = 0.505x103 U, = 0.128 fps .700 | 1.230 .047 .038 .3672
W =8.0 ft T = 0.042 1b/ft? .600 1 1.170 .067 .055 .5234
Q = 10,23 cfs v = 1,12x16° £t2/sec .500 | 1.100 .094 .085 7344
T=18.9 C R = 123,000 .400 | 1.040 .105 .101 .8203
D = 1.335 ft F = 0.146 .300 .880 118 .134 .9219
V = 0.964 fps 0//5 = 7.53 .200 .690 1140 .203 11.0940
.100 .490 .123 .251 .9609
.050 .270 .062 .230 .4844
Flume Centerline, Station 25 Feet - Parabolic Sensor
0.900 § 1.340 | 0.051 0.038 |0.3984
.800 ) 1.310 .059 .045 .4609
S = 0.505x16% U, = 0.128 fps .700 | 1.240( .072 .058 | .5625
W= 8.0 ft T = 0.042 1b/ft? .600 | 1.160 .086 .074 .6719
Q@ = 10.23 cfs v = 1,12x10° ft?/sec .500 | 1.100 | .098 089 | .7656
?=18.9 C R = 123,000 .400 | 1.020 .115 2113 .8984
D = 1.335 ft F =0.146 .300 .930 .143 .154 11.1170
V = 0.964 £ps 0/6; 7.53 .200 .780 .170 .218 [1.3280
.100 .470 .131 .279 [1.0230
.050 .260 .072 277 .5625




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 5. — 8-foot-wide flume, rigid boundary — Continued

Mean Flow Parameters
and Variables

¥/D 7|7 /u—Z/‘E
(fps) | (fps)

Flume Centerline

, Station 35 Feet - Parabolic Sensor

<o NoO T L

0.505x103 0.128 fps

8.0 ft 0.042 1b/ft?
10.23 cfs 1.12x10° ft2/sec
18.9 °c 123,000

1.335 ft 0.146

0.964 fps 7.53

0.900 { 1.330 | 0.077 0.058 | .6016

.800 | 1.290| .085 .066 | .6641
.700 | 1.220| .086 .070 | .6719
.600 | 1.180 | .089 .075 | .6953
-500 | 1.170 .102 .087 | .7969
.400 | 1.080 | .120 .11 .9375
.300 | 1.000 | .145 .145 11.1330
.200 | .840 | .168 .200 |1.3120
.100 | .580| .169 .291 |1.3200
.050 | .330| .102 .309 | .7969

Flume Centerline,

Station 50 Feet - Parabolic Sensor

RS ST YA

"o

= 0.505x10°% U, = 0.128 fps
8.0 ft T = 0.042 1b/ft?
10.23 cfs v = 1.12x10°5 ft5/sec
18.9 °C R = 123,000
1.335 ft F = 0.146
0.964 fps C/Vg = 7.53

0.900 [1.320 [0.075 0.057 | .5859

.800 |1.270 | .081 .064 | .6328
.700 (1.220 | .087 .071 .6797
.600 {1.180 | .097 .082 | .7578
.500 (1.180 | .108 .092 | .8438
.400 (1.140 | .123 .108 | .9609
.300 {1.020 | .155 .152 |1.2110
.200 | .790 | .169 .214 |1.3200
.100 | .550 | .161 .293 11.2580
.050 | .320 [ .102 .319 | .7969

Flume Centerline,

Station 75 Feet - Parabolic Sensor

0.505x10"3  y, = 0.128 fps

8.0 ft T = 0,042 1b/ft2
10.23 cfs v = 1,12x10-5 ft2/sec
18.9 % R = 123,000

1.335 ft F = 0.146

0.964 fps C/Vg = 7.53

0.900 [1.230 |0.073 0.059 | .5703

.800 |1.210 | .077 .064 | .6016
.700 [1.190 | .086 .072 | .6719
.600 {1.170 | .092 .079 | .7188
.500 [1.150 | .103 .090 | .8047
.400 |1.120 | .122 .109 | .9531
.300 | .960 | .149 .155 [1.1640
.200 | .800 | .177 .221 |1.3830
.100 | .500 | .151 .302 |1.1800
.050 | .280 | .106 .379 | .8281

Station 100 Feet - Parabolic Sensor

RTSEEF RN

0.61x10"3  y, = 0.140 fps

8.0 ft T = 0.50 1b/ft?

11.52 cfs v = 1.04x107> ft2/sec
22.2 % R = 138,500

1,312 ft F=0.17

1.098 fps C/vg = 7.83

0.875 {1.375 [0.078 |0.0567 |0.5571

.750 [1.320 | .085 .0644 | .6071
.625 |1.250 | .101 . 0808 .7214
.500 |1.180 | .116 .0983 .8286
.375 |1.080  .128 .1185 .9143
2250 | .932 | .164 .1760 (1.1710
.125 .704 | .194 .2756 [1.3860
.108 .650 | .201 .3092 [1.4360

063 | .446 | .180 .4036 (1.2860
.031 | .279 | .116 .4158 | .8286

Flume Centerline,

Station 100 Feet - Cylindrical Sensor

| Ro "y

0.473x107%  y,
8.0 ft

11.5% cfs
22.2%

1.312 ft

. .141 fps
T
v
R
F
1.091 fps C//g

.039 1b/ft2
,04x1075 ft2/sec

0.900 |1.420 | 0.076 |[0.054 [0.535
.800 |1.390 | .083 .060 .586

.700 |1.370 | .088 .064 .627
.600 |1.310 | .105 .080 746
.500 (1.220 | .116 .095 .818

.400 11,160 | .128 110 .905
.300 [1.030 | .154 .150 |1.089

.200 | .900 | .173 .192 (1,227
.100 | .800 | .208 .260 11.475
.050 | .630 | .142 .226 |1.009

Flume Centerline,

Station 5 Feet - Parabolic Sensor

RIvNoD T v

1.84x10°3  py, = 0.244 fps

8.0 ft T = 0.153 1b/ft?
20.15 cfs v = 1.03x10-% ft?/sec
22.6 °C R = 237,000

1.333 ft F = 0.287

1.88 fps C/Vg = 7.72

0.900 |2.390 | 0.084 | 0.035 .3443
.800 (2.300 | .090 .039 .3689
.700 [2.250 | .088 .039. .3607
.600 [2.210 [ .090 .041 .3689

.500 [2.160 [ .105 . 049 .4303
.400 [2.060 | .147 .071 .6025
.300 |1.820 | .248 .136  |1.0160
.250 |1.640 | .264 .161 |1.0820
.200 |1.420 | .314 .221 |1.2870
2150 §1.150 | .325 .283 11.3320
.100 | .750 | .258 .344 11.0570

Flume Centerline,

Station 10 Feet - Parabolic Sensor

|RivRoTn

nowwomonom

1.84x103 U
8.0 ft

= 0.244 fps
0.153 1b/ft?

20.15_cfs 1.03x105 ft2/sec
22.6 °C 237,000
1.333 ft 0.287

«
T
v
R
F
1.88 fps C/Vg = 7.72

0.900 | 2.580 | 0.092 0.036 | 0.3770
.800 [ 2.480 | .078 .031 L3197
.700 | 2.370 | .094 .040 | .3852
.600 (2.280 | .126 .05S .5164
.500 (2.130 | .168 .079 | .6885
.400 (1.920 | .213 111 .8730
.300 [1.670 | .251 .150 | 1.0290
.250 (1.500 | .252 .168 | 1.0330
.200 (1.300 | .280 .215 ( 1,1480
.150 (1.050 | .275 .262 | 1.1270
.100 | .680 | .222 .326 [ .9098
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TABLE 5. — 8-foot-wide flume, rigid boundary — Continued

Mean Flow Parameters
and Variables

¥/

7|7z
(fps)

2

Flume Centerline, Station 15 Fe

et - Parabolic Sensor

B 0.900 | 2.690 | 0.097 | 0.036 | 0.3975
5§ =1.84x16% U, = 0.244 fps .800 | 2.560 | .105 .041 | .4303
.700 [ 2.420 | .140 .058 | .5738
W= 8.0 ft T = 0.153 1b/ft? .600 | 2.260 | .169 .075 | .6926
~ .500 | 2.080| .198 .095 | .8115
Q= 20.15 cfs v = 1.03x10° ft2/sec .400 | 1.890 | .225 119 [ L9221
o 300 | 1.660 | .256 .154 | 1.0490
7 =122.6C R = 237,000 .250 | 1.510| .250 .166 | 1.0250
200 | 1.340| .273 .204 | 1.1190
D = 1,333 ft F = 0.287 150 | 1.100 | .278 .253 | 1.1390
_ .100| .780( .235 .301 [ .9631
V=1.88 fps C//g = 7.72 .050 [ .120| .123 | 1.025| .5041
Flume Centerline, Station 25 Feet - Parabolic Sensor
_ 0.900{ 2.760 | 0.161 0.058 | 0.6598
5 = 1.84x16° U, = 0.244 fps .800 | 2,590 .190 .073] .7787
.700 | 2.410| .218 .090 | .8934
W= 8.0 ft T = 0.153 1b/ft? 600 { 2.240 | .229 .102| .9385
B .500 | 2.070 | .256 .124 | 1.0490
Q@ = 20.15 cfs v = 1,03x10° ft%/sec .400 | 1.890 | .259 .137 | 1.0610
o .300 | 1.680 | .287 .171| 1.1760
T =22.6 °C R = 237,000 .250 | 1.540 | .284 .184 | 1.1640
.200 [ 1.370 | .298 218} 1.2210
D = 1.333 ft F = 0.287 .150 | 1.150 | .308 .268 | 1.2620
_ .100 | .840| .340 .405 | 1.3930
V=1.88 fps C/Vg = 7.72 .050 | .310| .158 .510| .6475
Flume Centerline, Station 45 Feet, Parabolic Sensor
S = 1.84x10% U, = 0.244 fps 0.900 | 2.520( 0.202 | 0.080] .8279
.800 | 2.440| .192 L079| .7869
W= 8.0 ft T = 0.153 1b/ft? .700 | 2.350 | .205 087 [ .8402
.600 | 2.240| .233 .104| .9549
Q = 20.15 cfs v = 1.03x10°% ft2/sec .500 | 2.110] .216 102 .8852
o .400 | 1.960 | .248 126 | 1.0160
T =22.6°C R = 237,000 .300 1 1.760 | .279 .158 | 1.1430
.200 | 1.480| .305 .206 | 1.2500
D = 1.333 ft F = 0.287 .150 | 1.280| .370 .289| 1.5160
_ .100| 1.000 | .398 .398 | 1.6310
7 =1.88 fps C/Vg = 7.72 .050 | .520| .260 .500| 1.0660
Flume Centerline, Station 75 Feet - Parabolic Sensor
0.900 | 2.450 | 0.198 | 0.081 |0 8115
S = 1.84x103 U, = 0.244 fps .800 | 2.440 | .201 .082 | 8238
.700 | 2.340 | .205 .088 | 8402
W= 8.0 ft T = 0.153 1b/ft? .600 | 2.270 | .234 .103 | 9590
.500 | 2.130 | .239 -112 .9795
Q = 20.15 c¢fs v = 1.03x105 ft2/sec .400 {1.940 | .251 .129 11,0290
o .300 [1.750 | .283 162 |1.1600
T=22.6 C R = 237,000 .250 | 1.630 | .298 .183 | 1.2210
.200 | 1.480 | .316 214 11,2950
D =1.33 ft F = 0.287 .150 | 1.260 | .371 .294 11,5200
_ .100 | .980 | .407 415 11.6680
V=1.8 fps C/Vg = 7.72 .050 | .510{ .253 .496 | 1.0370
Flume Centerline, Station 100 Feet - Parabolic Sensor
0.900 | 2.590 | 0.164 | 0.0633 [ 0.5816
5 =1.88x10% U, = 0.282 fps .800| 2.500| .180 .0720 | .6383
.750 | 2.460| .198 .0805 | .7021
W= 8.0 ft T = 0.156 1b/ft? 700 | 2.410( .212 .0880 | .7518
.600| 2.290| .229 .1000 | .8121
Q = 22.06 cfs v = 1.03x10° ft2/sec .500| 2.180| .233 .1069 | .8262
o .400| 2.020| .250 .1238 | .8865
T =22.6°C R = 267,900 .300 | 1.810f .286 .1581 | 1.0140
.250{ 1.670| .335 .2006 | 1.1880
D = 1.331 ft F=0.31 .200 | 1.520| .357 .2349 | 1.2660
_ .150| 1.140| .383 .3360 | 1.3580
7 = 2.073 fps C//g = 8.4 .100 | .840| .421 .5012 | 1.4930
.050| .530| .280 .5283 | .9929
Flume Centerline, Station 75 Feet - Parabolic Sensor
0.900 | 4.050| 0.264 | 0.065 | 0.6804
S = 4.63x10° U, = 0.388 fps .800 | 4.100| .270 .066 6959
.700 | 4.010| .285 071 7345
W= 8.0 ft T = 0.380 1b/ft? .600 | 3.770| .316 .084 .8144
/500 | 3.670| .386 .105 .9948
Q = 30.53 cfs v = 1.04x10° ft2/sec .400 | 3.530 .436 .124 | 1.1240
o .300 | 3.070 | .480 156 {1.2370
T=22.2°% R = 369,000 .250 | 2,840 .500 .176 | 1.2890
.200 | 2.480| .520 .210 | 1.3400
D = 1.316 ft F = 0.446 .150 [ 2.290| .604 .264 |1.5570
— .100}1.710| .675 .395 | 1.7400
V = 2.903 fps C/Vg = 7.50 .050 | .920( .497 .540 | 1.2810




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 5. — 8-foot-wide flume, rigid boundary — Continued

Mean Flow Parameters = | /= g Ly Ay
P w | T 2z /75/" v/ —;/U,
and Variables (£ps) | (£ps) u u (sec) (ft) (ft)
18 Inches Off Flume Centerline, Station 100 Feet - Parabolic Sensor
_ 0.900 | 3.900) 0.266 | 0.068
S = 4.63x103 U, = 0.388 fps .800 | 3.890 .250 .064
.700 ] 3.770 .302 .080
W= 8.0 ft T = 0.380 1b/ft2 .600 | 3.770 .316 .084
.500 ] 3.620 .376 .104
Q = 30.53 cfs v = 1.04x10° ft?/sec 400 | 3.430| .438 | .128
o .300 | 3.110 .479 .154
T=22.2"C R = 369,000 .250 | 2.920 .520 178
.200 | 2.660 .572 .215
D = 1.316 ft F = 0.446 .150 | 2.250 .608 .270
_ .100 ] 1.740 .636 .365
V = 2.903 fps C/V/g = 7.50 .050| .980| .556 .567
Flume Centerline, Station 100 Feet - Parabolic Sensor
0.900 | 3.960 )0.267 0.0674 } 0.6881
~ .800 [ 3.940 | .266 . 0675 .6856
S = 4.63x103 U, = 0.388 fps .750 ) 3.910 | .282 L0721 .7268
.700 | 3.880 | .298 .0768 .7680
W= 8.0 ft T = 0.381 lb/ft2 .600 | 3.760 | .319 .0848 .8222
.500 | 3.600 | .366 .1017 -9433
Q = 30.53 cfs v = 1.04x105 ft2/sec .400 [ 3.390 | .413 .1218 | 1.0640
o .350 | 3.260 | .446 .1368 | 1.1490
T=22.2"°C R = 436,000 .300 | 3.110 | .486 .1563 {1.2530
.250 | 2.940 | .522 L1776 [ 1.3450
D =1.32 ft F = 0.446 .200 | 2.680 | .546 .2037 ) 1.4070
_ .126 | 2.350| .611 .2600 | 1.5750
¥V = 2.903 fps C/@' = 7.50 2100 (1.750( .639 .3651 | 1.6470
.080 [ 1.380| .561 .4065 {1.4460
Flume Centerline, Station 50 Feet - Parabolic Sensor
0.900 ) 2.790 |0.154 0.055 0.658
.800 | 2.840| .150 .053 .640
S = 1.101x103 U, = 0.234 fps .700 | 2.810| .176 .063 .752
W= 8.0 ft T = 0.172 1b/ft? .600 | 2,650 [ .195 .074 .833
Q = 46.6 cfs v = 1.12x16°% £t?/sec .500 | 2.470| .222 .090 .948
7 =18.9 °C R = 463,000 .400 | 2.140| .249 .116 1.062
D = 2.50 ft F=0.23 .300 | 1.850] .276 .149 1.179
V=2.34 fps  C/J/g = 10.0 .200 | 1.520 | .306 .201 | 1.307
.100 (1.140( .348 .303 |1.488
.050 .660 | .375 .568 1.602
Flume Centerline, Station 75 Feet - Parabolic Sensor
0.900 | 2,910 {0.172 0.058 0,745
- .800 | 2.820 | .184 .065 .781
S a 1.101x103 U, = 0,234 fps .700 | 2.670 ] .202 .076 .863
W= 8.0 ft T =0.172 l_l:l/ftz .600 | 2.510 | .224 .089 .956
Q = 46.6 gfs v = 1.12x10% £t2/sec .500 | 2.290 | .254 2111 1.084
T=18.9 °C R = 463,000 .400 | 2,050 | .269 .131 1.152
D =2.,51 ft F=0.23 .300 | 1.840 | .287 .156 | 1.226
V = 2.34 fps C//g_= 10.0 .200 | 1.570 ) .316 .201 1.352
.100 | 1.130 | .354 .316 1.514
.050 .680 | .388 .562 1.661
Flume Centerline, Station 100 Feet - Parabolic Sensor
0.900 |2.660 P.ua 0.067 |0.761
_ .800 |2.710 ] .184 .068 .786
S = 1.101x103 U, = 0.234 fps .700 | 2.590 | ,204 079 .872
W= 8.0 ft T = 0.172 1b/ft2 .600 | 2.490 | .226 .091 .966
Q = 46.6 cfs v = 1,12x10° ft2/sec .500 [2.400 ( .254 .106 |1.087
7 =18.9C R = 463,000 .400 |2.290 | .264 15 |1.129
D = 2.52 ft F=0.23 .300 {1.940 | .285 .147 |1.218
V = 2.34 fps C//g; = 10.0 .200 [1.760 | .312 L177 11.334
.100 |1.330 | .369 .278 |1.577
.050 .820 | .390 .475 11.668
Flume Centerline, Station 50 Feet - Parabolic Senmsor
" 0.900 | 3.200[0.316 | 0.099 |0.708
S = 10.54x103 U, = 0.447 fps .800 [ 3.040 | .362 .119 .811
W= 8.0 ft T = 0.452 1b/ft? .700 | 2.890 | .400 .138 .896
Q = 14.09 cfs v = 1.06x105 ft?/sec .600 | 2.650 | .441 166 | .989
T =21.1 "C R = 141,900 .500 | 2.420 | .487 .201 1.091
D = 0.687 ft F = 0.46 .400 | 2.010 | .530 .264 |1.188
V = 2.56 fps C/fg' = 5.60 .300( 1.530 | .547 .358 11.224
.20011.130} .517 .458 1.157
.100 .900 | .455 .506 |1.020
Flume Centerline, Station 75 Feet - Parabolic Sensor
. 0.900( 3.210(0.348 0.108 | 0.780 |----e | ---ee
S = 10.54x103 U, = 0.447 fps .800( 3.130( .373 .119 834 |eeen | eeeee
W= 8.0 ft T = 0.452 1_1y/f\:z .700 | 2.910| .392 .135 .879
Q= 14.09 cfs v = 1.06x10% ft?/sec 600 | 2.710| .448 .165 11.005
7=21.1"C R = 146,300 .500 | 2.440| .513 .210 1.148
D = 0.687 ft F = 0.48 .400| 2.090| .580 .278 11,298
V = 2.56 fps C/fg-= 5.60 .300 | 1.640]) .590 .360 |1.322
.200| 1.220| .543 .445 1.216
.100 .970| .463 .447 1.038
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TABLE 5. — 8-foot-wide flume, rigid boundary — Continued

7 L A
Mean Flow Parameters = V= E T z
: o | T 2 —z/ﬁ =
and Variables (gps) | (£ps) u u (sec) (ft) (ft)

Flume Centerline, Station 100 Feet - Parabolic Sensor
0.900 | 3.270(0.338 | 0.103 {0.758
S = 10.54x103 U, = 0.447 fps .800 | 3.140 .395 126 .884
W= 8.0 ft t = 0.452 1b/ft? .700 | 2.970| .413 .139 .924
9 =14.09 cfs v = 1.06x10% ft?/sec .600 | 2.740 | .470 .172 | 1.052
r=21.1°% R = 149,100 .500 | 2.450| .533 .218 |1.195
D = 0.687 ft F =0.49 400 | 2,140 .608 .318 | 1.363
V= 2.56 fps C/V/g = 5.60 .300 | 1.690 | .608 402 |1.363
.200 | 1.290 | .562 .436 |1.258

100 | 1.020 | .438 .429 | .983

Flume Centerline, Station 140 Feet - Parabolic Sensor

0.900 | 3.2401(0.361 | 0.111 |0.807 |---=- |=-=--= | --==~

S = 10.54x10% U, = 0.447 fps .800 | 3.110 | .382 .123 .846
W= 8.0 ft T = 0.452 1b/ft? .700 | 2.930 | .388 .132 .870
Q= 14.09 cfs v = 1.06x10° ft?/sec .600 | 2.700| .477 177 | 1.068
7= 21.1 °C R = 150,000 .500 | 2.460 | .502 204 |1.122

D = 0.687 ft F=0.49 .400 | 2.150 | .558 .260 | 1.250

V = 2.56 fps C/Vg = 5.6 300 1.790 | .614 .343 {1.375
.200 | 1.350| .577 .427 |1.296

100 | 1.070 | .485 .453 | 1.086

TABLE 6. — 8-foot-wide flume, alluvial boundary
Mean Flow Parameters Y/D T /:2 [ TE' L X c dSO o w
i u V= = z z [
and Variables (fps) (£ps) ,7/” F/Uu secd| ) | £ty | ep1) (nm) (£ps)

Flume Centerline, Station 120 Feet - Ripples

0.90 1.45 0.063 [0.044 |0.677 1.11 [1.610

S = 0.3201x10° dsq = 0.121 mm .80 1.44 .074 | .051 .796 .92 ]1.325 8 | 0.11 | 1.36 | .0361
W = 8.0 ft U, = 0.093 fps .70 1.41 .084 | .05 [ .903 .97 |1.368 P R e B
Q =9.94 cfs T = 0.0209 1b/ft? .60 1.37 .093 | .068 {1.000 | 1.01 |1.384 10 .12 | 1.41 | .0387
T =22.7°C v = 1.027x10% ft2/sec .50 1.31 .105 | .080 11.129 .94 11,231 12 .12 ] 1.37 | .0387
D = 1.046 ft R = 124,300 .40 1.23 .104 | .084 |1.118 .92 |1.132 -- -
V =1.19 fps F = 0.210 .30 1.12 .107 | .095 ]1.151 .94 |1.053 21 13 | 1.38 | 0427
C, = 0.813 gpl C/Yg = 12.80 .20 .95 110 | .116 [1.183 .78 | .741 56 .14 | 1.37 | .0483
D = 1.046 ft  Dsg = 0.26 mm .10 .66 114 | .173 [1.226 .65 | .429 81 .16 | 1.36 | .0565
Flume Centerline, Station 120 Feet - Ripples

0.90 1.85 | 0.088 |0.047 ]0.779 | 0.97 |1.795 R B R B
S = 0.4743x10% dsp = 0.141 mm .80 1.84 .123 | .067 |1.088 .80 |1.472 7 .12 | 1.42 | .0387
W = 8.0 ft U, = 0.113 fps .70 1.80 .142 | .079 [1.257 .79 |1.422 B N B B
Q@ = 15.07 cfs T = 0.0311 1b/ft? .60 1.75 .149 | .085 [1.319 .78 [1.365 9 .13 | 1.37 | L0427
T =21.7 °C v = 1.044x10% ft2/sec .50 1.67 183 | .110 |1.619 .75 [1.253 -- ———- P EECE
D = 1.052 ft R = 160,200 .40 1.59 195 | .123 |1.726 .67 |1.065 18 16 | 1.46 | .0565
vV = 1.79 fps F=0.273 .30 1.47 .152 | .137 [1.345 .70 |1.029 - ——- e e
Cyp = 73.0 gpl  C/Vg = 15.80 .20 1.32 162 | 153 |1.434 .66 | .871 76 .19 | 1.38 | .0722
D = 1.052 ft  Dsg = 0.26 mm .10 1.07 131 | .177 [1.159 .54 | .S78 | --n-- 139 .20 | 1.37 | .0791

Flume Centerline, Station 120 Feet - Dune Trough

0.92 2.74 | 0.238 {0.087 [1.400
.83 2.78 .240 | .086 [1.412
5 = 1.107%18% dsp = 0.179 mn .75 2.68 .309 | .115 |1.818
.67 2.36 345 | 145 |2.029
W = 8.0 ft U, = 0.170 fps
z 2 .59 2.17 .339 | .156 |1.994
Q 19.66 cfs T = 0.0905 lb/ft
° - 35 pr2 .50 2.10 .354 | .168 |2.082
T 20.6 °C v = 1.075x10° ft“/sec
D = 1.31 £t R - 251,600 .42 1.96 .398 | .203 |2.341
7 T oo .34 1.93 492 | .245 [2.894
2.42 fps F =0.313
C, - 996.4 gpl C/Vg = 14.30 .26 1.70 532 | .314 |3.129
Zt : .19 1.46 392 | .268 |2.306
D’ =1.012 ft  Dsy = 0.26 mm .
: 50 : .15 1.36 361 | .266 [2.124
.08 1.13 .468 | .287 [2.753
Flume Centerline, Station 95 Feet - Dune
_ 0.88 3.56 | 0.185 [0.0520 |1 088
§ =1.107x10% dsy = 0.179 mm .76 3.50 ,199 | .0569 |1.171
W =8.0 ft . = 0.170 fps .64 3.43 219 | .0638 |1.288
Q = 19.66 cfs T = 0.0580 1b/ft? .52 3.25 251 | .0772 |1.476
T =20.6 °C v = 1.075x10° ft?/sec .40 3.07 .269 | .0876 |1.582
D =0.84 ft R = 214,100 .29 2.84 283 | .0996 |1.665
V = 2.42 fps F = 0.527 .25 2.29 .241 | .1052 {1.418
C,=996.4 gpl C/Yg = 14.30 .17 1.62 .208 | .1284 [1.224
D = 1.012 ft Dsg = 0.26 mm .09 1.07 .167 | .1561 .982




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES

TABLE 6. — 8-foot-wide flume, alluvial boundary — Continued

Mean Flow Parameters /D 7 /z [ Ty L, Ay Cy dsg a w
and Variables (fps) | (fps) ’/J_T/” ’/5'/1’* (sec)| (fr) | (£t) | (gpl)| (nm) (fps)
Flume Centerline, dtation 105 Feet - Dune irough
0.93 2.57 0.139 |0.054 [0.818 0.51 |1.311 ---
.86 2.50 .159 .063 .935 .54 [1.350 -
.80 2.45 .185 .076 11.088 .55 |1.348 241
S = 1.1073x103 dgg = 0.179 mm .73 2.22 .211 .095 1.241 .44 .977 -
W = 8.0 ft U, = 0.170 fps .65 2.21 .256 .116 | 1.506 .58 [1.282 -
Q = 19.66 cfs T = 0.0988 l;b/f!:2 .58 2.16 .246 114 1.447 .53 |1.145 422
T =20.6 °C v = 1.075x10°% ft2/sec .52 2.07 .310 .150 {1.824 .57 [1.180 -
D =1.43 ft R = 228,800 .45 1.94 .339 .175  [1.994 .54 |1.048 ---
V = 2.42 £ps F = 0.253 .38 1.79 .396 .221 |2.329 .59 ]1.056 583
Ct = 996.4 gpl 0/6 = 14.30 .31 .85 .208 .245 |1.224 .61 .519 --- ——--
D = 1.012 ft Dsp = 0.26 mm .24 .84 .202 .241 ]1.188 .53 .445 191 19
.14 .83 .200 .241 1.176 .48 .398 - ———-
.08 .82 .101 .233 1.124 .47 .385 101 .18
.07 .80 177 .216 1.041 .48 .384 | ~---- --- .- Eannl EEE
Flume Centerline, Station 100 Feet - Dune Crest
0.88 2.40 0.143 [0.059 (0,841 0.48 (1.152 | ----- -—- .- LR Bt
. =3 _ .79 2.32 J145 | ,063 .853 .64 |1.485 P B IEEEEE PP
f, : ;.éozlo ‘150 - g'i;g ';““ .68 2,22 147 | .066 .865 .46 |1.021 337 .15 1.38 |0.0512
o * T P .58 2.18 173 079 1.018 50 [1.090 -~ .- LR EECE
@ = 19.66 cfs T = 0.0642 1b/ft? : : . ' ’ :
T = 20.6 °C v = 1.075x105 £t2/sec .46 2.16 .180 .083 1.059 .53 {1.145 447 .16 1.42 .0559
a , .38 2.15 204 095 11.200 .54 |1.161 ——— -——- Bl R Lt
D =0.93 ft R = 177,300 ; : :
V o= 2.42 £ F-0 3.’] .24 2.11 .217 .103 |1.276 .48 |1.013 554 .16 1.37 .0559
. PS .375
C. = 996.4 1 C/v’g‘: 14.30 .16 2.10 .264 .126  |1.553 .50 |1.050 --- ——-- Lo R
=t &p .08 1.91 .282 .148 1.659 .48 .917 1670 .18 1.40 .0614
D =1.012 ft  Dsp = 0.26 mm .04 .92 176 | .191 |1.035 46 | 423 | --oe- 3030 .18 | 1.43 | .0614
Flume Centerline, Station 120 Feet - Transition
~ 0.90 2.81 0.181 |0.0644 |1.168 0.54 (1,517 --- ———— ——--
5 = 0.887x103 dso = 0.183 mm .80 2.73 .185 .0678 |1.194 .46 11.256 --- - ----
W= 8.0 ft U, = 0.155 fps .70 2.64. .205 .0776 |1.323 .50 {1.320 134 0.13 1.33 |0.0427
Q@ = 24.72 cfs T = 0.0591 1b/ft? .60 2.59 .224 .0865 |1.445 .57 |1.476 - ——-- Bl Bkt
T =21.3 °C v = 1.054x10° ft2/sec .50 2.54 .229 L0902 |1.477 .56 |1.422 256 .14 1.35 .0460
D =1.068 ft R = 247,200 .40 2.39 .228 .0954 (1.471 .52 11.243 - ———- P R
V =2.89 fps F = 0.416 .30 2.30 .244 L1061 |1.574 .46 |1.058 449 .15 1,37 .0512
Ct = 872.8 gpl C/G = 18.68 .20 2.20 .269 L1223 11,735 .42 .924 885 .16 1.36 0559
7 = 1.068 ft Dsg = 0.26 mm .10 1.90 .291 .1532 |1.877 .38 W722 | m---- 2220 .18 1.38 .0614
Flume Centerline, Station 120 Feet - Flatbed
0.90 4.86 0.242 [0.050 {1.316 0.48 | 2.333 [ ----- -—= | ==--- Rl Rt
5 = 1,219x103 dsp = Q.205 mm .80 4.82 .256 .053 1.391 .57 | 2,747 270 0,123 | 1.41 |0.0387
W = 8.0 ft U, = 0.184 fps .70 4.64 .265 .058 1.441 .54 [2.506 -=- ] - R Rkt
@ = 35.98 cfs T = 0.0822 1b/ft? .60 4.62 .291 .063 1.580 .69 | 3.188 425 .128 | 1.46 .0417
T =21.8 °C v = 1.046x10° ft2/sec .50 4.49 .314 | .070 |[1.702 .63 | 2.829 —--
D =1.081 ft R = 450,600 .40 4.43 .349 .079 1.895 .65 | 2.880 665 .131 1.44 .0429
V = 4.15 fps F =0.739 .30 4,31 .402 .093 2,180 .66 [2.845 918 .140 1.52 0460
Qt = 1719.2 gpl C//g-= 22.55 .20 3.92 .419 .107 12,276 .61 12.391 1220 .144 § 1.50 0480
D% - 1.081 ft Dgo = 0.26 mm .10 3.18 426 | 134 |2.317 .48 [1.526 | ----- 2950 152 | 1,56 | .0518
Flume Centerline, Station 110 Feet - Dune Trough
0.93 2.35 0.177 10.076 |1.060 0.41 1 0.964 46
.85 2.24 .206 .092 1.234 .67 11,501 122
_ 33 _ .77 2.19 .296 L1350 11.772 .52 (1.139 301
5 2 1.02810%  dso - 0.206 e .68 | 2.20 | .203 | .133 |1.754 | .49 [1.078 788
Q = 17.02 cfs : = 0.0842 1b/£t2 .61 2.22 .300 .135 |1.796 .53 | 1,177 343
7 = 20.8 °C v = 1.82x165 f£t2/sec .52 2.06 .260 .126 |1.557 .44 1 906 225
.45 2.13 .297 . 140 1.778 .56 [1.193 236
D =1.32 ft R = 225,600
vV o=1.97 fps F-0.279 .38 1.95 .329 .168 11.970 .46 .897 231
¢, = 350.8 gpl C//5= 11.77 .31 1.63 .442 .270 |2.647 .54 .880 305
5 Lo e 026 m .28 1.66 .507 | .306 |3.036 .49 | .813 475
o t 50 = He .16 1.27 .327 .257 1,958 .54 .686 221
.08 1.17 .361 .309 [2.162 431 .503 | ----- 501
Flume Centerline, Station 100 Feet - Dune Crest
» 0.89 2.23 0.161 |0.072 |0.964 0.57 [ 1.271 0.138 | 1.43 [0.0482
S = 1.023x133 dsp = 0.206 mm .78 2,18 .159 .073 .952 .62 11,352 | ----- ] 67 | ----- ———— | mm——--
W = 8.0 ft U, = 0.167 fps .66 2.20 .178 .081 11.066 .48 | 1.056 .142 | 1.36 .0517
Q@ =17.02 cfs T = 0.0575 1b/ft? .55 2.19 .186 .085 11.114 .53 11.161 ———-
T =20.8 °C v = 1.065x10% ft2/sec .44 2.17 202 | .093 |1.210 .47 | 1.020 el R
D = 0.9 ft R = 182,500 .33 2.14 .208 .097 1.246 .61 11.305 1.25 0551
Vv =1.97 fps F = 0.401 .24 2.17 .230 .106 1.377 .63 | 1.367 ———— | mm———--
Ct = 350.8 gpl C//g_ = 11.77 .10 2.15 .297 .138  [1.778 .51 | 1.097 1.40 .0636
D =1.079 ¢ Dy = 0.26 m .01 2.00 .510 | .255 |3.054 .72 | 1.440 B B

B57



B58 TURBULENCE IN WATER

TABLE 6. — 8-foot-wide flume, alluvial boundary — Continued

Mean Flow Parameters ¥/D 7 /= N T z c d o | w
and Vari u2 /5 V= E z L 8 =0
1avles o | | A A G| @] | e ) (£ps)
Flume Centerline, Station 120 Feet - Flatbed
0.94 5.71 0.325 [0.057 |1.231 0.76 |4.340 | 0.023 | 185 | ----- RO [,
-89 5.62 .326 | .058 |[1.235 .68 [3.822 | .022| 161 | ----- [
.83 5.69 .341 | .060 {1.292 .83 (4.723 | .024 | 221
- .72 5.43 .353 | .065 [1.337 .78 |4.235 | (023 | 351
S = 1.791x10 dsg = 0,200 mm .67 5.55 .411 | .074 |1.557 .75 |4.163 | .022 | 352
W = 8.0 ft U, = 0.264 fps .61 5.43 .440 | .081 |1.666 .86 [4.670 | .023 | s12
9 = 73.33 cfs T = 0.194 1b/ft2 .50 5.42 .461 | .085 [1.746 .80 [4.336 | .024 | 697
T =21.0°C v = 1.057x10°% ft?/sec .45 5.38 .490 | .091 |1.856 .71 [3.820 | .023 | 685
D =1.732 ft R = 834,000 .39 5.39 .550 | .102 |2.083 .63 13.396 | .024 | 940
V =5.30 fps F = 0.682 .28 5.13 .533 | .104 |2.019 .75 | 3.848 .025 11399
C, = 1796.9 gpl C/Vg = 20.48 .22 4.88 522 | .107 |1.977 .68 |3.318 .024 {1650
D = 1.732 ft Dgg = 0.26 mm .17 4.67 579 | .124 |2.193 .68 [3.176 | .023 |2103
.11 4.35 .592 | .136 [2.242 .62 [2.697 | .022 |2673
.07 3.92 .592 | .151 [2.242 .66 12.587 | .020 |6477
.06 3.74 .587 | .157 }2.223 .58 |2.169 | .012 |6732
Flume Centerline, Station 105 Feet - Dune Crest
0.94 3.85 | 0.262 [0.068 [1.248 | 0.43 |1.656 | 0.034 | 118 ———-
S = 1.056x163 _ .82 3.90 .285 | .073 [1.357 .57 [2.223 | 033 | 149 B By
Vo= ;,35‘;“’ djg g:ﬁg 'f'“'p's .69 3.93 .322 | .082 |1,533 .63 [2.476 | .036 | 176 | 0.127 | 1.46 |0.0436
Q = 48.65 cfs 1= 0.111 1b/£t2 .57 3.87 .329 | .085 |1.566 .76 | 2.941 028 | 197 | ----- B B
T = 21.0 °C v = 1.054x105 £t2/sec .45 3.80 .365 | .096 |1.738 .59 [2.242 | .028 | 262 | ----- [ PR
D = 1.68 ft R 573,800 .36 3.52 .348 | .099 |1.657 .71 [2.499 | 027 | 256 .137 | 1.50 | .0485
¥ = 3.16 fps 0480 .24 3.42 .338 | .099 |1.609 .80 |2.736 | .025 [ 345 .139 | 1.48 | .0500
C, = 778.1 gpl 0//" 15.03 .13 3.53 .431 | .122 |2.0s2 .59 [2.083 | .026 | 449 | ----- PO -
=t : .09 3.30 .469 | .142 |2.233 .62 |2.046 | .025 | 551 145 | 1.45 | .0544
D = 1.920 £t Dgy = 0.26 mm .
0 : .03 2.86 .603 | .211 [2.871 .56 [1.602 024 | - | —-eee cmen fommeme
Flume Centerline, Station 95 Feet - Dune Trough
0.96 3.80 | 0.236 |0.062 [1.124 | 0.54 |2.052
.89 3.75 .244 | 065 |1.162 .72 | 2.700
.81 3.76 .271 | .072 [1.290 .69 |2.594
- <163 - .74 3.70 .296 | .080 |1.410 .58 [2.146
§ T aose0t dso - 0.185m .68 | 3.58 | 286 | .080 |1.362 | .64 |2.291
. . . Ps
Q@ = 48.65 cfs T - 0,186 1b/ge? .61 3.60 .306 | .085 |1.457 .61 [2.196
T = 21.0°C v=1 .53 3.55 .330 | .093 |1.571 .68 |2.414
D = 2.82 £t R - .47 3.23 .400 | .124 |1.905 .62 |2.003
7 = 3.16 fps F- .40 3.32 .647 | .195 |3.081 .58 |1.926
¢, = 778.1 gpl 0/./5= .33 1.27 485 | .382 [2.310 .66 | .838
75 < 1.970 £t Deo = .26 .47 186 | .397 | .886 .67 | .315
- s0 .18 .47 .173 | .368 .824 .65 | .306
.11 .34 110 | .323 .524 .68 | 231
.04 .32 092 | .287 | .438 .74 | .237
Flume Centerline, Station 105 Feet - Dune Back
) 0.94 3.64 | 0,266 [0.073 |1.267 | 0.42 |1.529 104
5 = 1.056x10% dsp = 0.183 mm .83 3.56 .281 | ,079 |1.338 .58 |2.065 389
W o= 8.0 ft U, = 0.210 fps .71 3.43 .394 | 115 [1.876 .60 |2.058 296
Q = 48.65 cfs T = 0.115 1b/ft2 .60 3.40 .401 | .118 |1.910 .53 |1.802 391
T =21.0 °C v = 1,054x10°% £t2/sec .49 3.35 .402 | ,120 [1.914 .54 [1.809 374
D = 1.75 ft R = 564,500 .37 3.34 .431 | .129 2,052 .64 |2.138 513
V = 3.16 fps F = 0.453 .26 3.31 .447 | .135 |2.129 .80 |2.648 592
€, = 778.1 gpl C/Vg = 15.03 .14 3.27 477 | 146 2,271 .62 [2.027 569
D =1.920 ft  Dsg = 0.26 mm .03 3.22 .505 | .157 [2.405 .51 [1.642 763
Flume Centerline, Station 20 Feet - Flatbed
0.91 2.93 | 0.196 [0.067 [1.059 | 0.48 [1.406 | ----- 186
B .82 2.92 .196 | .067 [1.059 .64 |1.869 | ----n 254
§ = 1.221x10%  dgg = 0.206 mm .73 2.86 .212 | 074 [1.146 .53 [1.516 289
W = 8.0 ft U, = 0.185 fps .64 2.86 226 | 079 [1.222 .58 [1.659 349
Q = 25.81 cfs T = 0.0843 lb/ft2 .55 2.87 .247 | .086 |1.335 .56 |1.607 401
T =20.7 °C v = 1,049x10% ft2/sec .46 2.80 263 | .094 l1.422 .64 11.792 474
D =1.107 ft R = 296,500 .37 2.79 .265 | .095 [1.432 .68 |1.897 519
V =2.92 fps F = 0.469 .28 2.72 .261 | 096 {1.411 .57 |1.550 571
C = 826.8 gpl C/Yg = 15.80 .19 2.74 .266 | .097 [1.438 .61 {1.671 714
Pt = 1.107 £t Dgg = 0.26 m .09 2.66 295 | 111 [1.595 .54 (1,436 1203 .192 | 1.39 | .0780
.04 2.63 329 | .125 [1.778 .63 |1.657 mmmm | e e
Flume Centerline, Station 60 Feet - Flatbed
0.92 3.67 | 0.257 [0.070 [1.389 | 0.54 |1,982
} .83 3.58 .265 | .074 |1.432 .56 |2.005
S = 1.221x10°  dsg = 0.206 mm .75 3.54 .297 | .084 |1.605 .52 {1.841
¥ = 8.0 ft U, = 0.185 fps .67 3.51 .305 | 087 [1.649 .55 |1.931
Q = 125.81 cfs T = 0.0843 1b/ft? .58 3.48 .310 | .089 |1.676 .54 |1.879
T =20.7 °C v = 1,049x105 ft2/sec .50 3.37 .347 | .103 [1.876 .62 12,089
D = 1.107 ft R = 350,400 .42 3.36 .380 | .113 [2.054 .54 ]1.814
V =2.92 fps F = 0.556 .33 3,22 .399 | .124 |2.157 .68 {2.190
C, = 826.8 gpl C/¥g = 15.80 .25 3.17 .412 | .130 |2.227 .60 11,902
D = 1.107 ft  Dsy = 0.26 mm .17 2.96 .462 | .156 |2.497 .54 {1.598
.08 2.62 .524 | .200 |2.832 .49 |1.284
Flume Centerline, Station 90 Feet - Flatbed
~ 0.89 3.68 | 0.217 [0.059 |1.173 | 0.62 |2.282
S =1.221x16%  dsg = 0.206 mm .79 3.67 .235 | .064 [1.270 .56 |2.055
W = 8.0 ft = 0.185 fps .68 3.64 .240 | .065 |1.297 .52 [1.893
Q@ = 25.81 cfs - 0.0843 1b/ft? .57 3.62 .246 | .068 {1.330 .58 |2.100
T =207 °C v = 1,049x105 ft2/sec .47 3.50 .290 | .082 {1.568 .68 |2.380
D =1.107 ft R = 340,900 .36 3.27 .307 | .093 1.659 .65 (2,126
V = 2.92 fps F = 0.541 .25 3.15 .335 {.106 [1.811 .52 [1.638
C, = 826.8 gpl C/Vg = 15.80 .15 2,86 .377 | .131 [2.038 .51 [1.459
D" = 1.107 ft  Dgg = 0.26 mm .05 2.12 .367 | .173  |1.984 .46 | .975




SUMMARY, DATA FROM RIVERS, CONVEYANCE CHANNELS, AND LABORATORY FLUMES B59

TABLE 7. — Atrisco feeder canal

Mean Flow Parameters Y/p T /= - Ty L, Ay Cq dgg &4 w
and Variables (fps) (£ps) "5/” "?/U* (sec) | (f8) | (ft) | (gpl) (mm) (fps)
44 Feet From Left Bank - Dunes
0.98 2.07 | 0.127 [0.061 [0.742
.86 2.06 135 | .065 | .791
S = 0.57x103 U, = 0.171 fps .75 2.05 .145 | .071 .847
W = 56 ft T = 0.059 1b/ft? .49 2.07 .168 | .081 | .982
Q = 203 cfs v = 1.36x10° ft?/sec .37 2.05 .187 [ .091 [1.092
T = 11.4 °C R = 250,200 .36 2.05 .194 | 095 |1.133
D= 1.66 ft F=0.28 .27 2.05 .219 | .107 |1.280 P e e B ——— ——--
V=213 fps  C/Vg = 12.45 .22 2.04 228 | (112 |1.334 e | - -
D=1.70 ft Dsg = 0.235 ma .17 2.04 240 | .118 [1.403
.13 2.03 .268 | .132 [1.567 e | - R [,
44 Feet From Left Bank - Dunes
0.92 1.67 | 0.126 [0.075 |0.737
5 = 0.57x10°3 U, = 0.171 fps .81 1.64 .138 | .083 | .808
W= 56 ft T = 0.063 1b/ft? .70 1.64 .148 | .090 | .865
Q@ = 203 ¢fs v = 1,33x10° ft2/sec .60 1.62 .157 [ .097 | .918
T =12.2 °C R = 212,900 .49 1.58 .171 | .108 [1.000
D=1.77 ft F=0.13 .36 1.57 J191 | L1211 [1.117
V=213 fps  C/Vg = 12.45 .22 1.56 .217 | .138 |1.269
D= 1.70 ft Dsg = 0.235 mm .11 1.41 .251 | .178 |[1.469
44 Feet From Left Bank - Dunes
0.97 2.39 | 0.124 [0.052 |0.725 | 0.69 |0.550 60 0.12 | 1.42 |0.0364
5 = 0.57x163 U, = 0.171 fps .86 2.36 .142 | .060 | .830 .80 | .448 73 .12 | 1.46 | .0364
W= 56 ft T = 0.066 1b/ft? .76 2.33 .224 | .096 |[1.310 .78 | .66 90 (12 | 1.43 | .0364
Q = 203 cfs v = 1.22x10% ft2/sec .65 2.31 .229 | .099 [1.339 .72 | .554 116 .13 | 1.47 | .0412
T =14.7 °C R = 326,500 .45 2.29 247 | 108 |1.444 .88 | 412 204 .14 | 1.44 | .0457
D= 1.87 ft F=0.27 .29 2.14 .280 | .130 [1.637 .88 | .599 320 .14 | 1.42 | .0457
V=213 fps /g = 12.45 .19 1.91 .302 | .158 |1.766 .80 | .573 - | 409 .15 | 1.39 | .0513
D=1.70 ft Dsg = 0.235 mm .08 1.35 .305 | .226 |1.784 .76 | .351 | ---- | 816 .16 | 1.46 | .0565
42 Feet from Left Bank - Dunes
0.95 2.78 | 0.145 [0.052 [0.838 | ---- -
_ .85 2.76 .164 | .059. [ .959 -
5 = 0.57x10° U, = 0.171 fps .73 2.66 177 | .067 |1.035 -
W= 56 ft T = 0.0679 1b/ft? .64 2.55 .188 | .074 |1.099 -
Q = 203 cfs v = 1,41x10% ft2/sec .52 2.59 196 | .076 |1.146 -
T =10.0 °C R = 270,900 .41 2.06 .186 | .090 | 1.088 —
D= 1.,91 ft F = 0.306 .31 2.12 .200 | .095 |1.170 -
V=213 fps C/Vg = 12.45 .23 2.10 232 | 110 [1.357 .
D= 1.70 ft Dgo = 0.235 mm .13 2.00 270 | 135 | 1.579 | --a- -
28 Feet From Left Bank - Dunes
0.95 2.54 | 0.151 [0.060 |0.883 | 0.65 |1.651 69 0.11 | 1.33 [0.0325
- <163 _ .84 2.43 .189 | .078 | 1.105 .85 12.066 76 .12 | 1.36 | .0364
P g:égézfﬁ/ftz 74 | 2,35 | 194 | .084 |1.134 | .77 [1.810 94 12 | 1.42 | .0364
Q = 203 cfs v = 1.38x105 £t2/sec .64 2.30 .207 | .090 |1.211 .85 |1.955 127 .13 ] 1.32 | .0412
7= 10.8 °C R = 281,700 .54 2.02 .202 | .100 [1.181 .82 |1.656 249 .14 | 1.41 | .0457
D= 1.86 ft F-o0.270 .43 2.06 227 | 110 |1.327 .89 |1.833 339 .14 | 1.38 | .0457
V=213 fps /g = 12.45 .35 1.86 .234 | 126 |1.368 .79 [1.469 428 J15 | 1.34 | .0513
Te1.70 £t » 0.235 .28 1.75 .268 | .153 |[1.567 .87 [1.523 644 .16 | 1.47 | .0565
. 50 = 0.235 mn .16 1.55 .318 | .205 |1.860 L77 [1.194 | - | 876 .17 | 1.43 | .0614
12 Feet From Left Bank - Dunes
5 =0.,570x10° v, = 0.171 fps 0.90 2.30 | 0.146 [0.064 |[0.854 [ —
W= 56 ft T = 0.0494 1b/f£t? .77 2.27 .158 | .070 | .924 - .
Q@ = 203 cfs v = 1.29x10° ft2/sec .58 2.27 180 | .080 |1.053 a--
T =13.3 °C R = 227,400 .48 2.12 .198 | .094 [1.158 -
D =1.39 ft F =0.315 .34 2.01 .217 | .108 [1.269 —
V=213 fps (/g = 12.45 .19 1.70 .248 | .146 |1.452 R .-
D=1.70 ft Dsg = 0.235 mm




B60 TURBULENCE IN WATER

TABLE 8. — Rio Grande conveyance channel

Mean Flow Parameters Y/ 7 /5 - Ty L, Ay Cqy dsy a w
and Variables (fps) | (£ps) ’/I_f/” ‘/5/”* (sec) [ (£t) | (£t) | (gp1)|  (mm) (£ps)
52 Feet From Left Bank - Dunes
0.96 1.53 | 0.139 [0.091 |0.650
.86 1.78 .185 | .104 .864
s U, = 0.214 fps .78 1.94 322 | .166 [1.505
W T = 0.109 1b/ft? .68 1.81 .348 | .192 |1.626
Q v = 1.217x10° ft2/sec .58 2.16 .488 | .266 |2.280
T R = 444,200 .49 1.82 480 | .264 |2.243
D F = 0.168 .40 1.58 426 | 270 |1.991
v ¢//g = 12.53 .30 1.50 .474 | 316 |2.215
D= 2.80 ft Dgg = 0.240 mm .18 1.53 .496 | .324 |2.318
.09 1.53 .468 | .306 |2.187
.08 1.46 .153 | .105 715
34 Feet From Left Bank - Dunes
0.96 2.83 | 0.125 {0.044 |0.584 | 1.08 |3.056 283 | 0.132 | 1.32]0.0432
- .86 2.86 .154 | .054 .720 .82 |2.345 346 135 | 1.37 | .0444
S = 0.55x10° U, = 0.214 fps .76 2.85 191 | .067 | .893 | 1.28 |3.648 483 .137 | 1.43| .0458
W = 68 ft T = 0.105 1b/ft? .66 2,73 | .202 | .074 | .944 | 1.03 |2.812 530 138 | 1.51| .0463
Q = 510 cfs v = 1.16x10% ft2/sec .57 2.70 .232 | .086 [1.084 1.06 |2.862 594 .141 | 1.42| .0479
T =17.2 °C R = 674,900 .47 2.62 259 | .099 [1.210 | 1.31[3.432 673 145 | 1.46 | .0494
D = 3.07 ft F = 0.256 .36 2.52 242 | ,096 |1.131 | 1.19 |2.999 612 .148 | 1.41| .0519
V=268 fps  C/Vg = 12.53 .25 2.21 256 | .116 1.196 | 1.01 |2.232 882 .163 | 1,51 { .0584
D= 2.80 ft Dgy = 0.240 nm .18 2.11 ,279 | .132 [1.304 | 1.03 {2.173 1039 \171 | 1.44 | .0623
.12 2.02 .323 | 160 |1.509 .89 |1.798 1221 183 | 1.46 | .0692
16 Feet From Left Bank - Dunes
0.94 2.59 | 0.140 |0.054 |0.654
_ .84 2.47 158 | .064 | .738
§ = 0.55x10° U, = 0.214 fps .76 2.44 .151 | .061 | .706
W =68 ft T = 0.114 1b/ft? .66 2.66 173 | .065 .808
Q = 510 cfs v = 1..45x10° ft2/sec .58 2.75 .215 | .078 |1.005
T =17.8 °C R = 685,100 .47 2.64 .241 | 091 |[1.126
D= 3.31 ft F =0.230 .37 2.50 260 | .104 [1.215
V= 2.68 fps  C/Vg = 12.53 .28 2.36 277 | 117 [1.294
D=2.80 ft D = 0.240 mm .18 2.17 .306 | .141 [1.430
.11 1.86 .293 | .157 [1.369
.09 1.67 .284 | 170 |1.327
34 Feet From Left Bank - Dunes
0.95 3.09 | 0.167 0.055 [0.780
~ .86 3.05 .235 | .077 |1.098
5 = 0.550x10° U, = 0.214 fps .77 3.16 .275 | .087 |1.285
W =68 ft T = 0.111 1b/ft? .67 3.08 ,342 | .111 [1.598
Q = 550 cfs v = 1.29x10° ft?/sec .58 2.97 .404 | .136 |1.888
T = 13.3 °C R = 691,100 .49 2.83 416 | .147 [1.944
D = 3.23 ft F=0.271 .41 2.67 .433 | .162 }2.023
V=12.88 fps C/Vg = 13.42 .30 2.48 .439 | .177 |2.051
D= 2.8 ft Dgy = 0.240 mn .22 2.28 431 | .189 [2.014
.15 2.30 361 | 157 |1.687
.09 2.40 415 | .173 [1.939
34 Feet From Left Bank - Dunes
0.96 2.54 | 0.107 (0.042 [0.500
.86 2.59 L111 | .043 .519
~ .77 2.64 .166 | .063 | .766
$ = 0.550x10° U, = 0.214 fps .69 2,72 .245 | 090 |1.145
W= 68 ft T = 0,114 1b/ft? .58 2.70 .351 | .130 [1.640
Q = 550 cfs v = 1.29x10° ft?/sec .50 2.62 .443 | .169 |2.070
T =13.3°C R = 614,400 .42 2.50 .455 | .182 [2.126
D = 3.33 ft F =0.230 .32 2.29 .472 | .206 |2.206
7 =2.8 fps  ¢/Vg = 13.42' .24 2.00 .490 | .245 |2.290
T = 2.80 ft Dsg= 0.240 mm .16 1.88 .451 | .240 [2.107
.09 1.73 .303 | 175 11.416
34 Feet From Left Bank - Dunes
0.98 2.86 | 0.123 10.043 |0.575
.92 2.94 138 | .047 .645
_ .86 2.98 176 | .059 | .822
5 = 0.550x13° U, = 0.214 fps .72 2.94 .223 | .076 |1.042
W =68 ft T = 0.119 1b/ft? .63 2.82 .288 | .102 [1.346
Q = 545 cfs v = 1.28x105 ft2/sec .55 2.48 .407 | .164 |1.902
T = 13.6 °C R = 574,700 .46 2.12 .409 [ .193 |1.911
D = 3.47 ft F = 0.201 .37 1.71 393 | .230 [1.836
V=12.8 fps  C/Vg = 13.35 .31 1.40 .294 | .210 |1.374
D= 2.8 ft Dsg = 0.240 mm .22 1.09 ,251 | .230 [1.173
.15 1.07 .209 | .195 .977
.09 1.10 .248 | .225 |1.159
34 Feet From Left Bank - Dunes
0.95 2.78 | 0.170 [0.061 | 0.794
.86 2.70 181 | .067 | .846
_ .77 2.75 .179 | .065 .836
S = 0.550x103 U, = 0.214 fps .68 2.90 .203 | .070 | .949
W = 68.0 ft T = 0.115 1b/ft? .60 2.66 210 | .079 .981
Q = 540 cfs v = 1,28x105 ft?/sec .51 2,23 .256 | .115 | 1.196
T =13.6 °C R = 493,200 .42 1.77 .381 | .215 | 1.780
D= 3.34 ft F=0.18 .34 1.22 .373 | .306 | 1.743
V=2.84 fps  C/Vg = 13.25 .23 1.06 264 | 249 | 1.234
D= 2.80 ft Dsg = 0.240 nm .16 .90 .178 | .198 | .836
.12 .90 .169 | .188 .790
.08 .80 137 | 171 .640
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TABLE 8. — Rio Grande conveyance channel — Continued

Mean Flow Parameters Y/D 7 ‘/u:Z ﬂ Ty L A [4 dsg o w
. /_ €T x 8
and Variables @ | & | A Eh e | o 0 (GpD) | (m) (£ps)
34 Feet From Left Bank - Dunes
0.95 2.42 | 0.165 [0.068 | 0.771
- .86 2,49 .184 | .074 .860
§ = 0.550x103 U, = 0.214 fps .77 2.65 .191 | 072 .893
W = 68.0 ft T = 0.101 1b/ft? .67 2.75 1198 | .072 .925
Q = 540 cfs v = 1,27x105 ft?/sec .56 2.89 .280 | .097 [ 1.308
T = 13.9 °C R = 578,700 .45 2.83 .293 | .104 | 1.369
D= 2.94 ft F = 0.257 .33 2.83 .351 | .124 | 1.640
V= 2.84 fps  C/Vg = 13.25 .20 2.78 .487 | .175 | 2.276
D= 2.8 ft Dsy = 0.240 mm .08 0.86 .170 | .198 .794
34 Feet From Left Bank - Dunes
0.94 2.69 | 0.202 [0.075 | 0.944
.85 2.86 .260 | .091 | 1.215
~ .77 2.96 .299 | .101 | 1.397
$ = 0.550x103 U, = 0.214 fps .69 2.86 .332 | .116 | 1.551
W = 68.0 ft T = 0.0824 %b/ftz .60 2,79 .379 | .136 | 1.771
Q = 530 cfs v = 1.25%10° ft?/sec .52 2.86 .332 | .116 | 1.551
T = 14.4 °C R = 562,600 .44 2.96 .326 | .110 | 1.523
D = 2.40 ft F = 0.333 .36 3.06 .397 | .130 | 1.855
V=278 fps  C/V/g = 12.98 .28 3.13 .385 | .123 | 1.799
D= 2.80 £t Dsg = 0.250 mm .19 3.03 .373 | .123 | 1.743
.12 2.98 374 | 126 | 1.748
34 Feet From Left Bank - Dunes
0.94 2.86 | 0.223 |0.078 | 1.042
.85 2.96 .243 | .082 | 1.136
B .76 3.03 .294 | .097 | 1.374
§ = 0.550x10% 0.214 fps .67 2.96 .302 | .102 | 1.411
W= 68.0 ft 0.0844 1b/ft? .59 2.86 323 | .113 | 1.509
Q = 530 cfs 1.25x10° ft2/sec .51 2.82 .327 | .116 | 1.528
T = 14.4 °C 558,900 .42 2.76 351 | .127 | 1.640
D = 2.46 ft 0.319 .39 2.76 364 | .132 | 1.701
V = 2.78 fps 12.98 .31 2.82 .361 | .128 | 1.687
D= 2.80 ft Dsg = 0.240 mm .23 2.96 .429 | .145 | 2.00S
.15 2.98 401 | .135 | 1.874
.12 2.86 .486 | .170 | 2.271
34 Feet From Left Bank - Dunes
0.94 2.50 | 0.215 |0.086 | 1.005
5 = 0.550x10° U, = 0.214 fps .83 2.41 .251 | .104 | 1.173
W = 68.0 ft T = 0.0916 1b/ft? .72 2.30 .269 | .117 | 1.257
Q = 520 cfs v = 1,24x10° ft2/sec .60 2.12 .267 | .126 | 1.248
T = 14,7 °C R = 480,200 .50 2.06 .280 | .136 | 1.308
D= 2.67 ft F = 0.241 .39 2.02 .295 | .146 | 1.379
V=2.74 fps  C//g = 12.80 .28 2.11 .312 | .148 | 1.458
D= 2.80 ft Do = 0.240 mm .16 2,30 .313 | .136 | 1.463
11 2.26 .389 | .172 | 1.818
34 Feet From Left Bank - Dunes
0.94 2.58 | 0.196 |0.076 | 0.916 | 0.26 |0.671 |0.028 | 426 | 0.126 | 1.46 |0.0394
5 = 0,550x103 U, = 0.214 £ps .83 2.68 .263 | .098 | 1.229 .22 | .590 | .031 | 497 125 | 1.42 | .0388
W= 68.0 ft T = 0.0916 1b/ft? .71 2.55 .293 | .115 | 1.369 .17 | .434 | .033 | 545 .127 | 1.47 | .0408
Q = 520 cfs v = 1.23x10° ft2/sec .61 2.40 .338 | .141 | 1.579 .21 | .504 | .029 | 489 .127 | 1.38 | .0408
T = 15.0 °C R = 494,900 .50 2.28 .415 | .182 | 1.939 .23 | .524 | .027 | 526 .128 | 1.40 [ .0418
D = 2,67 ft F = 0.246 .38 2.10 .372 | 177 | 1.738 .24 | .504 .030 | 525 .131 | 1.46 | .0440
V=274 fps  C/Vg = 12.80 28 2.00 .366 | .183 | 1.710 .19 | .380 | .028 | 998 .145 | 1.54 [ .0498
D= 2.80 ft Dsg = 0.240 mm .17 1.95 .343 | .176 | 1.603 .20 | .390 .026 1112 .159 | 1.50 | .0564
.13 1.97 .299 | .152 | 1.397 .18 | .355 | .027 |1311 .169 | 1.48 | .0623
34 Feet From Left Bank - Dunes
0.94 3.08 | 0.129 (0.042 [0.603
.83 2.92 178 | .061 .832
$ = 0.550x10° U, = 0.214 fps .71 2.77 .255 | .092 [1.192
W = 68.0 ft T = 0.0903 1b/ft? .60 2.54 .272 | 107 [1.271
Q = 510 cfs v = 1.23x10° ft?/sec .48 2.37 313 | 132 |1.463
T = 15.0 °C R = 472,500 .38 2.07 .277 | .134  (1.294
D = 2,63 ft F = 0.240 .27 1.83 .258 | .141 [1.206
V=12.68 fps ¢//g = 12.53 .16 1.64 .246 | .150 |1.150
D = 2.80 ft Dsp = 0.240 mm .11 1.65 261 | .158 [1.220
34 Feet From Left Bank - Dunes
0.95 2.74 | 0.156 [0.057 [0.729
N .84 2.77 .249 | .090 [1.164
= 0.550x10°3 U, = 0.214 fps .75 2.60 .341 | ,131 [1.593
= 68.0 ft T = 0.0913 1b/ft? .64 2.42 .351 | .145 |1.640
= 510 efs v = 1,217x105 ft2/sec .52 2.15 .357 | .166 |1.668
= 15.6 °C R = 478,700 .39 2.03 .309 | .152 {1.444
= 2.66 ft F =0.237 .30 1.82 .348 | 191 |1.626
= 2,68 fps  C/Yg = 12.53 .19 1.66 .400 | .241 |1.869
= 2.80 ft Dso = 0.240 mn 11 1.55 .375 | .242 |1.752
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TABLE 8. — Rio Grande conveyance channel — Continued
Mean Flow Parameters ¥/p 7 V5 [ Ty L, Ae Cq dsp o w
N U
and Variables (fps) (£ps) /ﬁ/{/ /?/U* (sec) (ft) (ft) (gpl (mm) (fps)
34 Feet From Left Bank - Dunes
0.94 2.95 | 0.156 |0.053 |0.729 | 0.73[2.15 | 0.026| 368 | 0.134 | 1.43(0.0434
S = 0.550x103 0.214 fps .83 3.00 183 { .061 | .855 .68 | 2.04 .031] 414 136 | 1.41] .0442
W= 68.0 ft 0.0793 1b/£t? it 3.00 .204 | .068 | .953 .81 [2.43 028 487 139 | 1.35] .0454
Q = 510 cfs 1.217x165 ft?/sec .58 2.97 223 | .075 |1.042 | 1.33[3.95 .025| 544 142 | 1.38 ] .0471
T =15.6 °C 525,800 .45 3.05 .262 | .086 |1.224 .84 | 2.56 029} 527 147 | 1.45| .0497
D= 2.31 ft 0.321 .27 2.70 .338 | .125 |1.579 .92 | 2.48 .027| 987 167 | 1.42 | .0585
7 = 2.68 fps 12.53 .13 1.70 .380 | .223 [1.776 .89 [ 1.51 024 1518 .182 | 1.51| .0676
D= 2.31 ft 0.240 mm
34 Feet From Left Bank - Dunes
. 0.94 3.32 | 0.173 |0.052 |0.808
S = 0.550x163 U, = 0.214 fps .86 3.34 .200 | .060 | .935
W = 68.0 ft T = 0.0872 lb/ft? .74 3.31 .225 | .068 |1.051
Q = 510 cfs v = 1.217x10% ft2/sec .63 3.29 .273 | .088 [1.276
7 =15.6 °C R = 690,800 .42 3.28 .302 | .092 [1.411
D= 2.54 ft F = 0.366 .31 3.26 .346 | .106 |1.617
V= 2.68 fps  C/Yg = 12.53 .20 3.27 405 | .124 |1.893
D =2.80 ft Dso = 0.240 mm .10 3.40 517 | .152 [2.416 | ===- |=-==- | =e--- el B B
36 Feet From Left Bank - Flatbed
0.90 5.43 | 0.261 |0.048 |1.155 | 1.54 |8.36 | 0.037| 413 | 0.163 |1.32 | 0.0574
.79 5.32 289 | .054 |1.279 | 1.53]8.14 .038| 476 .167 | 1.33| .0590
_ .79 5.30 .314 | .059 {1.388 | 1.51 [8.00 041} 476 | --oe- S
S = 0.57x103 U, =-0.226 fps .69 5.23 .341 | .066 ]1.510 | 1.24 |6.48 039 544 174 | 1.35 [ L0612
W= 73.0 ft T = 0.203 1b/ft? .59 5.12 .384 | .075 |1.700 | 1.03]5.27 .043| 661 179 | 1.36 | .0638
@ = 930.0 cfs v = 1.34x105 ft?/sec .48 5.01 .391 | .078 [1.726 | 1.32 [6.61 038 777 185 | 1.36 | .0662
T = 12.C °C R = 1,021,500 .48 4,97 .398 | .080 [1.761 1.43 {7.11 L0361 777 [ ----- PSR .
D = 3.00 ft F = 0.488 .38 4.82 .442 | .092 |1.951 | 1.08 |5.21 .040 | 1162 .189 | 1.41( .0683
7 =4.60 fps  ¢/Yg = 20.40 .28 4.56 .452 | .099 [1.993 | 1.26 |5.75 .039 | 1479 1.43
D= 3.00 ft Dsp = 0.200 mm .28 4.61 456 | .101 {2.020 | 1,17 {5.39 ,042 | 1479 -
.17 4.19 .518 | .124 |[2.282 | 1.44 |6.03 .038 [ 2423 217 [ 1.44 | L0813
.07 3.58 .548 | ,153 [2.430 | 1.51 |5.41 .034 | 6084 237 [1.45| 0893
.04 3.29 .624 | .190 {2.763 .94 |3.09 .031 {15800 .263 | 1.51] .1032
36 Feet From Left Bank - Flatbed
5 = 0.57x163 v =o. 0.87 4,14 | 0.228 |0.055 |1.016 | 1.04 [4.31 | 0.042| 397 | 0.156 { 1.36 | 0.0522
¥=73.0 ff b 8 fg; fgjftz .73 4.13 .248 | .060 |1.107 | 1.16 |4.79 037 526 .164 | 1.38 | .0566
@ = 815.0 ofs v = 1.34x105 £t2/sec .60 4.11 .279 | .068 [1.246 | 1.57 |6.45 .039 | 764 .172 | 1.37 | .0598
7= 12.0 °C R = 866 400 .47 4.07 .334 | .082 [1.491 | 1.56 (6.35 .041| 916 185 [1.41| .0658
D = 2.90 £t F=-o0.304 .33 3.93 424 | .108 [1.893 | 1.34 |5.27 .036 | 1031 .192 | 1.43| .0690
V=385 fps  c/g - 17.2 .20 3.69 435 | 118 |1.942 | 1.29 |4.76 .032 | 1426 209 | 1.44 | .0787
D= 2.90 ft Doy - 0.202 mm .07 3.12 .543 | .174 |2.424 | 1.23 |3.84 .035 | 4116 .252 | 1.47 | .1015
TABLE 9. — Columbia River estuary
Mean Flow Parameters 2| yp| T hz ,};‘/E /u_—z'/u* Ty Ly %
and Variables (£ps) | (£ps) (sec) | (ft) | (gpl)
19.2{0.98( 4.73 | ----- —oem 2.3¢ | 11:070 | -----
18.0| .83 4.03 |o0.3870.196 1.78 | 7.173] -=---
= 15.8| .68 4.34 | 1.128] .260 2.28 | 9.895| 100
V= 1.88 fps R=93,270 1157 s1| .61 | .171| .280 74 451 180
11.2{ .36 .37 | .19 .321 1.53 .566| 173
v = 1.29x10°5 fe2/sec F = 0.041 | 14°7) T39| 27 | .104| .386 3.32 .896| 116
10.5| .04] .37 [ -m-o-] ----- 2.07 .766| 260
10.3{ .o1] .35 | .1s2| .435 | -———- 1.49 .522| 321
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TABLE 10. — Missouri River

Mean Flow Parameters ¥/p 7 e T L 2y [4 d 4 w
d Vari w2 /S S E z x 8 30
and Variables (fps) (£ps) ,7/ F/ | osee) | #0) | 0 | GepD) (om) (£ps)
580 Feet From Left Bank at River Mile 612.51 - Dunes
5 = 0,150x103 U, = 0.263 fps b.zn 4.70 | 0.235 [0.050 | 0.890 | 2.93 | 13,77 { ----- 37 | 0.097 | 1.34 |0.0285
W= 697.6 ft T = 0.135 1b/ft? .55 4.33 .282 | .065 | 1.071 | 3.32 109 .102 | 1.35 | .0311
Q@ = 31,400 cfs v = 1.091x105 £t2/sec .34 3.98 .295 | .074 | 1.120 | 4.06 132 .104 | 1.36 | .0322
T = 20.0 °C R = 5,675,500 .23 3.92 .343 | ,088 ( 1.303 | 4.12 215 .107 | 1.40 | .0334
D= 14.4 ft F = 0.200 .17 3.90 .378 | .097 { 1.438 | 2,98 256 J109 | 1.42 | .0341
V=4.44 fps  C/Vg = 19.20 .12 3.82 .393 | .104 | 1.501 { 2.61 286 112 | 1.44 | .0360
D = 10.15 ft Dsg = 0.203 mm
497 Feet From Left Bank at River Mile 612.51 - Dunes
S = 0.150x10°? U, = 0.274 fps 0.80 6.49 | 0.305 10.047 | 1.112 | 3.42 | 22.20 | 0.061 | 117 | 0.110 | 1.26 |0.0358
W= 697.6 ft T = 0.146 1b/ft? .54 6.16 .357 | .088 | 1.302 | 5.88 | 36.22| .062 | 285 .121 | 1.28 | .0410
Q = 31,400 cfs v = 1.091x16° ft2/sec .33 5.44 .359 | .066 | 1.311 { 4.16 | 22.63| .056 | 409 .125 | 1.27 | .0426
T = 20.0 °C R = 8,420,000 .21 5.18 .378 | .073 | 1.380 | 3.81 | 16.47] .057 | 238 .119 | 1.29 | .0394
D =15.6 ft F = 0.263 .15 5.05 408 | .081 | 1.493 | 3.24 |{16.36 | .058 | 341 127 | 1.31] 0437
V=444 fps /g = 19.20 .11 4.96 .500 | .102 | 1.828 | 2.90 | 14.38 [ .048 | 826 .129 | 1.33 | .0450
D = 10.15 ft Dgy = 0.237 mm
i
440 Feet From Left Bank at River Mile 612.51 - Dunes
S = 0.150x183 U, = 0.256 fps 0.81 6.81 | 0.318 [0.047 | 1.243 | 2.94 | 20.02 151 | 0.125 | 1.28 |0.0426
W =697.6 ft T = 0.0849 1b/ .55 6.61 .349 | .053 | 1.366 | 3.87 | 25.58 295 .133 ] 1,30 | .0466
Q = 31,400 cfs v = 1,091x10% ft?/sec .35 6.42 .371 | .058 [ 1.450 | 4.04 | 25.94 510 .137 | 1.34 | .0479
T = 20.0 °C R = 8,102,700 .24 6.13 .406 | .067 | 1.591 | 3.08 ; 18.88 656 .139 | 1.33 | .0497
D= 13.6 ft F =0.311 17 5.82 .441 | .076 | 1.724 | 3,84 | 22.35 1190 L1841 | 1.39 | .0512
V=4.44 fos  C//g = 19.20 .13 5.52 .486 | 089 | 1.902 | 2,75 | 15.18 1989 145 | 1.41 | 0531
D = 10.15 ft Dy = 0.252 nm ‘
[
373 Feet From Left Bank at River Mile 612.51 - Dunes
§ = 0.150x183 U, = 0.234 fps .82 6.59 | 0.309 [0.047 | 1.320 | 3.68 | 24.25 [0.067 | 238 | 0.136 | 1.35 |0.0476
W= 697.6 ft T = 0.0705 1b/ft? .55 6.26 .346 | 056 | 1.476 | 3.23 ] 20.22 | .062 | 161 .138 | 1,32 | .0488
Q = 31,400 cfs v = 1.091x10°% ft2/sec .34 5.90 .384 | .066 | 1.643 | 4.04 | 23.84 | .057 | 391 .143 | 1.36 | .0521
T = 20.0 °C R = 6,183,400 .22 5.61 413 | .074 | 1.764 | 3.26 | 18,29 | .063 | 666 .147 | 1,34 | .0541
D =11.3 ft F = 0.266 .16 5.36 .474 | (089 | 2.023 | 2.82 {15,12 | .052 | 802 L151 | 1.37 | 0561
V=4.44fps C//g.=19.20
D = 10.15 ft Dgo = 0.283 mm
226 Feet From Left Bank at River Mile 612.51 - Dunes
S = 0.150x103 U, = 0.187 fps 0.91 5.38 | 0.228 |0.043 | 1,222 | 2.76 | 14.85 162 | 0.154 | 1,31 |0.0578
W= 697.6 ft T = 0.0399 1b/ft? .66 5.30 .281 | .050 | 1,396 | 3.49 | 18.50 262 .162 | 1.33 | .0616
Q = 31,400 cfs v = 1,091x105 ft2/sec .45 5.13 .297 { .058 | 1,589 | 3.16 | 16.21 292 .166 | 1.37 | .0640
T = 20.0 °C R = 2,974,200 .34 4.99 .324 | .065 | 1,781 | 3.03 | 15.12 588 .175 | 1.41 | .0694
D= 6.4 ft F = 0.353 .28 4.88 .374 | .071 | 2,004 | 2.45 | 11.96 | ----- 1062 .188 | 1.43 | .0748
V=4.44 Fps  ¢/Vg =19.20
D =10.15 ft Dgo = 0.302 mm f |
| ] |
540 Feet From Left Bank at River Mile 612.51 - Flat Bed
5 = 0.155x103 U, = 0.285 fps 0.77 6.82 | 0.294 |0.044 | 1,032 | 4.08 | 27.83(0.060 | 199 | 0.117 } 1.29 [0.0272
W= 645.4 ft T = 0.119 1b/ft? .51 6.36 308 | .049 | 1.081 | 5.19 | 33.01| .0S5 | 322 125 1 1,33 )} .0308
Q = 32,500 cfs v = 1,764x10° ft2/sec .30 5.63 369 | .066 | 1.296 | 3.18 | 17.87| .047 | 607 128 | 1.34 | ,0314
T=2.8° R = 5,645,900 .18 5.45 .444 | .082 | 1,555 | 3.74 | 20.38| .053 | 980 .138 { 1,36 | .0361
D = 16.3 ft F = 0.266 .12 4.62 466 | .101 | 1,637 | 2.66 | 12,29 | .036 |1280 146 | 1.39 | .0390
V=5.21fps C//g = 23.01 .10 4.64 .472 | .102 | 1,660 | 2.95 | 13.69| .032 |2518 181 | 1.40 | .0546
D =9.67 ft Dsg = 0.217 mm
481 Feet From Left Bank at River Mile 612.51 - Flat Bed
§ = 0.155x10% U, = 0.267 fps 0.77 7.46 | 0.322 |0.044 | 1.205 | 3.22 | 24.02 220 | 0.135 | 1.31 [0.0345
W = 645.4 ft T = 0.104 1b/ft? .50 7.04 0362 | .052 | 1.356 | 3.92 | 27.60 459 .137 | 1.33 | .0357
Q = 32,500 cfs v = 1.764x13° ft2/sec .22 6.46 .441 | .068 | 1.650 | 4,17 | 26.94 821 .135 | 1.35 | .0345
T =2.8°C R = 5,431,400 .17 6.09 463 | .076 | 1,734 | 4.06 | 24.74 1250 139 | 1,37 | .0371
D= 14.3 ft F = 0,312 .10 5.36 472 | .088 | 1.766 | 3.07 | 16.46 1807 .140 | 1,38 | .0377
V=5.21 fps C//g = 23.01 .06 5.36 .488 | .092 | 1.832 | 2.84 | 15.22 |----- 3603 .188 | 1.40 | .0588
D= 9.67 ft D5y = 0.232 mm
L
340 Feet From Left Bank at River Mile 612.51 - Flat Bed
5 = 0,155x103 U, = 0.232 fps p.77 6.86 | 0.305 [0.045 | 1.310 | 3.23 | 22.16 182 | 0.135 | 1.30 [0.0345
W= 645.4 ft 1 = 0.0788 1b/ft? .50 6.46 .372 | 058 | 1,595 | 3.78 | 24.42(- 382 141 | 1.32 | .0377
Q = 32,500 cfs v = 1.764x10° ft2/sec .29 5.81 .433 | 075 | 1.860 | 4.06 | 23.59 |- 672 .160 } 1,35 | .0459
T =2.8° R = 3,673,400 .17 5.27 .448 | .085 | 1.925 | 3,26 | 17.18 1159 2155 | 1.38 ) .0434
D = 10.8 ft F = 0.322 .10 5.08 491 | .097 | 2.108 | 2.73 | 13.87 |----- 1756 .160 | 1.41 | .0459
V=5.211fps C//g = 23.01
D= 9.67 ft Dgp = 0.135 mm




TURBULENCE IN WATER

TABLE 11. — Mississippt River

Mean Flow Parameters Y/D T = [ 7, L X C dsg o w
. ul =17 | S~ E z x 8
and Variables (£ps) (£ps) ,:f/ {?‘/ « L sec) | (£) | (£F1) | (gpD) (mm) ()

550 Feet From Left Bank at River Mile 444.0 - Dunes
5 = 0.0236x10°3 -
S 2elo £t R 0.8 | 2.51 | 0.138 0.055 |0.994 [ 5.0z |12.57 24 | 0.143 | 1.54 [0.0892
@ = 325,000 cfs o 1013105 £t2/sec .66 2.37 152 | .064 | 1,093 | 4.89 | 11.80 18 148 [ 2.26 | .0541
7. 18.3 °C R - 4.896,900 .46 2,24 .181 | .081 |1.302 | 6.95 |15.55 18 .103 | 2.72 | .0308
D= 25k £t Fooorss .26 2.06 .208 | .101 | 1.495 | 6.10 |12.53 32 116 |1.71 | .0377
V=252 fps eI = 13.72 .06 1.66 251 | .153 [1.804 | 5.51 | 9,14 |----- 34 112 [1.70 { 0361
D = 44.4 ft Dsp = 0.38 mm

1150 Feet From Left Bank at River Mile 444.0 - Dunes
5= 0.0236x10"3 U, = 0.208 fps s | 4.65 | 0.244 |0.052 | 1.172 | 7.34 [34.13 [0.103 | 35 | 0.130 | 1.77]0.0446
W = 2910 £t T = 0.0810 1b/¢e2 % | 5 | "268 | 063 | 1208 | 8.8 | 36,51 | o114 | eo | .18 1.6 | 0541
Q= 525,000 cfs v = 1.1310° £t2/sec 48 | 3.2 | 294 | 086 | 1.413 | 4.97 |17.00 [ .097 | 74 | .141 | 1.58)| 0499
T = 18.3 °C R = 18,349,600 128 3.67 391 | .107 | 1.880 | 6.49 |23.82 | 095 76 .146 1 1.64) 0525
D = 55,0 ft F = 0.08% 08 | 2.84 | .412| .145 | 1982 |6.23 [17.70 | .086 | 115 | .157 | 1.53| .0581

2.52 fps ¢/lg = 13.72
44.4 £ Dsg = 0.38 mm

1600 Feet From Left Bank at River Mile 444.0 - Dunes
§ = 0.0236x10"3 U, = 0.289 fps 0.89 4,30 | 0.284 [0.066 | 0,984 | 8.78 ] 37.75 23 | 0.124 |1.69 |0,0413
W= 2910 £t T = 0.1620 1b/£t2 69 | 3.04 | .324 | .082 [1.121 | 6.45 [25.41 25 | .12 (154 L0304
Q= 325,000 ofs v = 1.13610% £2%/sec a9 | 330 | .35 | .110 [1.263 [11.38 | 37.55 oA ool B ot
T = 18.3 °C R = 33,876,100 ‘20 | 352 | .a26 | .121 |1.a7s | 8.23 | 28.97 23 | 135|210 0472
D =110.0 ft f = 0.0585 09 | 2.36 | .486 | .206 |1.683 | 6.00 | 14.37 17 | 116 | 1.70 .
V = 2.52 fps c/Vg = 13.72
D = 44.4 ft Dsg = 0.38 mm

650 Feet From Left Bank at River Mile 443.2 - Dunes
S =0.0181x103 U, = 0.115 fps 23 0.207 |1.87 |0.0820

. 2. 0.132 [0.061 (1.147 | 5,18 [ 11.08 .

W = 1880 ft T = 0.0254 Ib/£t? 0,:3 2_(1)2 (167 | .081 |1.453 | 6.53 | 13.38 17 [ ----- ol e
Q = 325,000 cfs v = 1.18x10° ft?/sec “46 2.0 176 | .088 |1.530 | 8.06 | 16.12 10 127 | 2.04 | .0413
I:g = Z; ;’E g = g,,ggg,wo .25 1.79 187 | .105 |1.626 | 5.98 | 10.70 -- -igg f-;g g;gg
2= L, R .06 1.15 202 | 175 [1.756 | 4.75 | 5.46 | ----- 123 . . .
V = 3.23 fps C/Va = 18.30
T = 53.5 ft Dgy = 6.37 mm

1050 Feet From Left Bank at River Mile 443.2 - Dunes
S =0.0181x10"%  y, = 0.206
W= 1880 ft * 2 0 0818 l;:/ftz 0.88 3,00 | 0.202 [0.067 [ 0.983 | 8.09 | 24.27 41 | 0.120 | 1.59 {0.0731
@ = 325,000 cfs v = 1.18105 £t2/sec .68 3.06 .242 | .079 | 1.176 {11.50 | 35.19 67 .123 [ 1.67 | .0384
7 =177 °C R = 19.108.100 .48 3.56 .278 | .078 | 1.347 | 9.23 | 32.86 62 .160 | 1.74 | .0577
D= 72.5 £t F = 00640 .28 3.07 .365 | .119 | 1.772 | 8.58 | 26.34 126 154 | 1.40 | .0545
V- 5.23 £ps /g = 18.30 .08 2.88 .429 | .149 | 2.081 | 6.93 | 19.96 | ----- 293 214 [ 2.10 | 0843
D = 53.5 ft Dgp = 0.37 mm

1650 Feet From Left Bank at River Mile 443.2 - Dunes
S5 =0.0181x10"% U, = 0.246 fps
W = 1880 ft T = 0.1173 1b/ft2 0.89 4.28 0.265 10.062 | 1.077 7.15 | 30.60 | ----- 33 0.134 | 2.56 | 0.0440
@ = 325,000 cfs v = 1.18x105 £t2/sec .69 3.96 .301 | .076 | 1.223 |10.16 | 40.24 | ----- 45 .098 | 2.33] 0269
T = 16.7 °C R = 35,871,200 .49 4.14 .352 | .085 | 1.431 [10.73 | 44.42 105 1122 | 1.68 | .0384
D = 104.0 ft F = 0.0703 .29 4.35 .470 | .108 | 1.910 | 6.93 | 30.15 32 117 | 1.95 | .0355
V= 3.2 fps el - .09 3.55 482 | .136 | 1.956 | 5.18 | 18,40 | --~-- 115 .154 | 2,08 | .0551
D = 53.5 ft Dsg =

1155 Feet From Left Bank at River Mile 441.6 - Dunes
S =0.0241x1073 U, = 0,216 f
¥ = 2000 £t % 2 00901 1oset? 0.88 | 4.43 | 0.221 |o.050 |1.025 | 8.50 | 37.66 | 0.118 | 14 | 0.121 |1.71 |0.0387
Q = 325,000 cfs v = 1.16x105 £t2/sec .68 4.87 .33 | 069 |[1.554 | 4.94 | 24,06 | .119 | -- [ ----- el e
I - 17.5 °C R = 21,982,800 .48 4.74 .393 | .083 | 1.817 | 7.31 | 34.65 | .094 | 226 .203 |1.58 | .0804
D =600 £t F - 0.0067 .28 4,15 .486 | .117 (2,250 | 8.53 | 35.40 | .073 | 73 .137 | 1.41 | .0469
¥ = 3.20 fps Vg = 16.11 .08 3.58 ,523 | .146 |[2.418 | 5.74 | 20.55 | .052 | 504 .188 [1.37 | .0728
D = 50.9-ft Dsg = 0.43 mm

1755 Feet From Left Bank at River Mile 441.6 - Dunes
5 =0.0241x10"3  p, = 0.225 fps
W = 2000 ft T = 0.0976 1b/ft2 0.88 4.08 | 0.236 [0.058 | 1,049 | 6.28 | 25.62 14 | 0.117 | 2.23 |0.0374
Q = 325,000 cfs v = 1,16x10° ft2/sec .68 4.18 .297 | .071 }1.318 | 8.40 ) 35.11 12 .102 | 1.85 | .0295
T =17.2 °C R = 20,172,400 .48 3.71 .319 | .086 | 1.416 |10.03 ] 37.21 15 .103 | 1.93 | .0299
D = 65.0 ft F = 0.0787 .28 3.52 .384 | ,109 | 1,705 7.14 | 25.14 14 .110 | 1.33 | .0335
V = 3.20 fps c/Yg = 16.11 -08 2.51 .364 | 145 ] 1.619 | 4.34 | 10.90 464 .182 | 1.25 | .0692
D = 50.9 ft Dsg = 0.43 mm
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TABLE 11. — Mississippt River — Continued

Mean Flow Parameters /D 7 /= T L A c d o @
d Variabl w2 | /=] /= E x x 8 50
anc Yariables o | @ | /A (sec) | (£0) | (£6) {(gp1) | (mm) (£ps)

770 Feet From Left Bank at River Mile 440.0 - Dunes
S = 0,0486x10% U, = 0.195 fps
W= 2690 ft 1 =0.073 lib/ﬁz 0.88 4.82 | 0.323 |0.067 {1.146 | 6.00 | 28.92 1 0.096 | 28 | 0.117 | 1.63 {0.0377
Q = 280,000 cfs v = 1.16x105 £t2/sec .68 4.54 .368 | .081 [1.374 | 6.36 | 28.87 | .090 | 30 .130 | 1.60 | .0427
7=17.3 °C R = 13,862,100 .48 3.95 .356 | .090 | 1,671 5,27 | 20.82 , .091 | 86 .184 [ 1.74 | .0709
D= 24.3 £t F=0.112 .28 3.87 .406 § .105 | 1.980 | 4.64 | 17.96 | .094 | 144 .192 | 1.66 | ,0738
V= 4.27 fps /g = 21.90 .08 2.93 419 | .143 |2.143 | 3.24 | 9.50 | .093 | 118 .166 | 1.44 | .0620
D= 24.3 ft Dgy = 0.41 mm L

1370 Feet From Left Bank at River Mile 440.0 - Dunes

= 03 -

f,, gg,gg“;:“’ U; - g'ignggg/ﬁz 0.87 4.70 | 0.254|0.054 | 1.087 | 4.90 | 23.03 |0.003 | 22 | 0.121 | 1.47 |0.0387
g = 280,000 cfs v = 1.16%105 £12/sec .67 4.48 .296 | .066 | 1.263 | 5.70 | 25.54 | .087 | 77 171 | 2.25 | .0971
T - 17.2 °C R - 12.129.300 .47 4.06 .349 [ .086 | 1.490 | 5.14 | 20.87 | 077 8 .263 | 4.05 | .1106
D= 35.0 £t F-o0.120 .27 3.79 .379) .100 | 1.620 | 6.46 | 24.48 | .083 | 143 .182 | 2,68 | .0696
V=4.27 fps C/Yg = 21.90 .07 3.08 .456 | 148 | 1.948 | 3,72 | 11.46 | .065 | 95 .263 (2,73 | .1106
D= 24.3 ft Dgy = 0.41 mm

1970 Feet From Left Bank at River Mile 440.0 - Dunes
S = 0.0486x103 U, =0.181 fps
W = 2690 ft T =0.0637 1b/ft? 0.84 4.63 | 0.2390.052 | 1.320 | 5.14 [ 23.80 [0.088 | 11 | 0.248 | 2.37 [0.1043
Q = 280,000 cfs v = 1.16x10° ft2/sec .60 4.48 .327| .073 | 1.804 | 7.40| 33.15 | ,089 | 293 .108 | 1.59 | .0328
T=17.2 °C R = 7,856,900 .36 4.42 .385| .087 | 2.119 | 4.92 | 21.74 | 084 | 405 .272 | 1.74 | .1158
D= 21.0 ft F = 0.167 .12 3.83 .486 | .127 | 2.690 | 3.48 | 13.36 | .076 | 524 .228 | 1.64 | .0945
V = 4.27 fps c/ig = 21.90
D= 24.3 ft Dgy = 0.41 mm

-

TABLE 12a. — Current meter results, Atrisco feeder canal

Hot-Film Current Meter
Mean flow parameter = vz
: ¥/D 7 2| = % =/
and variables (£ps) (£ps) ui/U (£ps) u2

Atrisco Feeder Canal, 44 Feet From Left Bank - Dunes

0.92 | 1.67 | 0.126 | 0.073 | 0.057 | 0.034

S = 0.57x10°3 U, = 0.180 fps .81 | 1.64 .138| .083 .049 .030
W = 56.0 ft T = 0.063 1b/ft2 .70 | 1.64 L1481 .090 | .065 .043
Q = 203 cfs v = 1.700x10° 5 ft2/sec .60 | 1.62 .157| .097 | .059 .036
7 =12.2 °C R = 212,900 .49 | 1.58 .171| .108 | .065 .043
D= 1.77 ft F = 0.132 .36 | 1.57 1917 .121 | .098 .060
V =1.60 fps C/Vg = 8.89 22 | 1.56 217 | .138 | 090 .058
11| 1.a1 .251) .178 | .065 .039

Atrisco Feeder Canal, 28 Feet From Left Bank - Dunesr

0.95 | 2.54 | 0.151|0.060 | 0.009 | 0.004

§ = 0,57x103 Uy = 0.185 fps .84 | 2.43 .189 | .078 .00% .004
W =56.0 ft T = 0.066 1b/ft? .74 | 2.35 .194 | .084 .010 .004
Q = 203 cfs v = 1.714x1075 ft2/sec .64 | 2,30 .207 | .090 .014 .006
T = 10.8 °C R = 281,700 .54 | 2.02 2021 .100 .043 .020
D= 1.8 ft F = 0.207 .43 | 2.06 227 | .110 | .069 .032
V = 2.09 fps C/¥g = 11,30 .35 | 1.86 234 .126 139 ,078
.28 | 1.75 .268 | .153 | .117 .067

.16 | 1.55 318 [ .205 137 .098

Atrisco Feeder Canal, 12 Feet From Left Bank - Dunes

0.91 | 2.31 | 0.126{ 0.054 [ 0.061 [ 0.026

S = 0.57x103 U = 0.160 fps .80 | 2.25 L135 | .060 .046 .020
W= 56.0 ft T = 0.049 1b/ft2 .71 | 2.28 143 | .063 .036 .016
Q = 203 cfs v = 1.682x10°5 £t2/sec .59 | 2.28 .161| .070 .045 .020
T =13.3 °C R = 227,400 481 2,11 .168 | .079 .059 .028
D =1.39 ft F =0.315 41| 2.12 1741 .082 .065 .031
V=2.111£ps C//g =13.19 .30 | 1.96 .179 | .091 .084 .043
21| 1,72 .198| .114 .087 .051

.10) 1.37 .214} .156 .087 .064
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TABLE 12b. — Current meter results, Rio Grande conveyance channel

Hot-Film Current Meter
Mean flow parameter = =
] ¥/D v 2 =/ Vo2 =
and u Y/, ) v
nd variables (£ps) (£5s) uz/u ps) 2|V

Rio Grande Conveyance Channel, 34 Feet From Left Bank - Dunes

0.96 2.83 0.125| 0.044 | 0.017 0.006

86| 2.86 .154| .054 .028 .010

8 = 0.55x103 U, = 0.214 fps .76 | 2.85 .191{ .067 | .048 .017
W= 68.0 ft T = 0.105 1b/ft? 661 2.73 .202| .074 127 .046
Q = 510 cfs v = 1.635x107 5ft2/sec 57| 2.70 .232| .086 143 .053
7 =17.2 °C R = 674,900 .47 2.62 .259|  .099 .120 .044
D = 3.07 ft F = 0.25 .36 | 2.52 242 .096 .141 .056
V=2.68 fps C/V/g = 12.53 .25) 2.21 .256| .116 .159 .072
.18 2.11 279 132 136 .066

12 2.02 .323| .160 .158 .086

Rio Grande Conveyance Channel, 16 Feet From Left Bank - Dunes

0.94| 2.59 | 0.140 0.054 [ 0.051 | 0.020

84| 2.47 .158| .064 | .059 .024

§ = 0.55x103 U, = 0.214 fps .76 2,44 .151) .062 .107 .042
W= 68.0 ft T = 0.114 1b/ft? 66| 2.66 173|065 171 .062
Q = 510 cfs v = 1,664x1075ft2/sec 58| 2.75 .215|  .078 [ —--ee 1 -e---
T =17.8 °C R = 685,100 47| 2.64 .201| .076 .194 .073
D= 3,31 ft F = 0.230 37| 2.50 .200] .080 121 .048
V= 2.68 fps C//g = 12.53 28| 2.36 .217|  .092 .100 .043
18| 2.17 .206| .095 .106 .048

11| 1.86 \193| L1084 | —---- | -----

.09l 1.67 .184( .110 .211 .129

Rio Grande Conveyance Channel, 52 Feet From Left Bank - Dunes

0.96| 1.53 0.139( 0,091 | 0.435 0.271

.86| 1.78 .185] 104 | ----- } -----
S = 0.55x10° Uy = 0.214 fps .78 1.94 L322 .166 .392 .202
W= 68.0 ft 0.109 1b/ft2 .68| 1.81 .348 .192 .375 .206
g = 510 cfs 1.65x10-5 ft2/sec .58( 2.16 .488| .226 .679 . 314
7 = 15.6 °C = 444,200 .49 1.82 .480) .264 469 .261
D = 3.18 ft = 0.168 .40( 1.58 L4261 .270| ----- | --=—-
V = 2.68 fps = 12.53 .30 1.50 .474] 316 .292 .194
.18! 1.53 .496 2324} ----- | -
.09 1.53 468 .306| .312 .202
.08 1.46 L1531 105 ----- | -
TABLE 12¢. — Current meter results, Mississippi River
Hot-Film Current Meter
T
Mean flow parameter = Vi el
and variabl we | v 2 7| 7
variables (Eps) | (£5%) v2/U (£ps) ',u_Zﬁ
Mississippi River, 770 Feet From Left Bank, River Mile 440.0 - Dunes
S = 0.0486x10° U, = 0.195 fps 0.88) 4.82 | 0.223| 0.047{ 0.512 { 0.103
W = 2690 ft T = 0.0736 1b/ft? 68 4.54 .268| 059 .342 .073
Q= 280,090 cfs v = 1,635x1075ft2/sec .48| 3.95 .326( .083 .576 <132
T=17.2°C R = 13,862,100 .28 3.87 .386/ .100 441 .111
D = 40,0 ft F =0,112 .08 2.93 .419] 143 .541 .180
V=4.27 fps  C/Vg = 21.90
Mississippi River, 1370 Feet From Left Bank, River Mile 440.0 - Dumes
§ = 0.0486x10°3 U, =0.234 fps 0.87 | 4.70 0.254 | 0.054 | 0.383 0.078
W = 2690 ft T = 0.1062 1b/ft? .67 | 4.48 .296 .066 .575 .131
Q= ‘280,090 cfs v = 1,635x1075ft2/sec .47 | 4.06 .349 | .086 .514 117
T =°17.2 °C R = 12,129,300 .27 | 3.79 .379 .100 .757 .192
D = 35.0 ft F=0.120 .07 | 3.08 .456 .148 .545 -168
V= 4.27 fps  C/Yg = 21.90
Mississippi River, 1970 Feet From Left Bank, River Mile 440.0 - Dunes
S = 0.0486x103 U, =0.181 fps 0.84 | 4.63 0.199 | 0.043 | 0.518 0.109
W = 2690 ft T = 0,0637 1b/ft? .60 [ 4.48 .327| .073 .637 .135
Q = 280,000 cfs v = 1.675x1075ft2/sec .36 | 4.42 .385 | .087 .830 .188
T =17.2 °C R = 7,556,900 .12 | 3.83 .486 | .127 .888 .243
D =21.0 ft F = 0.167
V=4.27 fps  C/Vg = 21.90
Mississippi River, 1055 Feet From Left Bank, River Miles 441.6 - Dunes
§ = 0.0241x1073 Uy = 0.216 fps 0.88 | 4.43 0.221(0.050 | 0.293 0.066
W = 2000 ft T = 0.0901 1b/ft? .68 | 4.87 .336 | .069 .813 .168
@ = 325,000 cfs v = 1.63x1075 ft2/sec| .48 | 4.73 .393| .083 | .494 114
r=17.2°C R = 21,982,800 .28 | 4.15 .486 | .117 | 1.156 .277
D = 50.9 ft F = 0.097 .08 | 3.58 .523¢( .146 .734 .209
V=3.20fps /g =11.61
Mississippi River, 1755 Feet From Left Bank, River Mile 441.6 - Dunes
S = 0.0241x1073 U, =0.225 fps 0.88] 4.08 0.216| 0.058 | 0.647 0.140
W = 2000 ft T = 0.0976 lb/ft? .68) 4.18 L2971 .071 .701 .163
Q = 325,000 cfs v = 1,635x1075ft2/sec .48| 3.71 .319|] .086 .634 .149
T =17.2 °C R = 20,172,400 .28| 3.52 .384|  .109 .427 .110
D = 65.0 ft F =0.079 .08] 2.51 .344] 137 571 .181
V=320 fps C/Vg = 16.11

* U.S. GOVERNMENT PRINTING OFFICE: 1973 o—543-5792/26





