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SEDIMENT DATA COLLECTION AND ANALYSIS
FOR FIVE STATIONS ON THE COLORADO RIVER
FROM LEES FERRY TO DIAMOND CREEK

BY

ERNEST L. PEMBERTON
January 27, 1987

INTRODUCTION

Sediment transport studies on the Colorado River below
Glen Canvon Dam were initiated under the Glen Canyon
Environmental Studies to evaluate the short and long term
impacts of sediment movement on recreation, fisheries,
vegetation, and beach erosion of the Colorado River through
Grand Canyon National Park. The U.S. Geological Survey,
under an agreement with the U.S. Bureau of Reclamation
collected the field data, provided laboratory facilities for
the bed material analyses, completed discharge measurements
with rating curve development, and assisted in developing
and analyzing the basic data requirements used in the
sediment transport computations. The Bureau of Reclamation
was responsible for suspended sediment laboratory analyses
and for completion of the sediment transport computations
described in this report. To provide data for the
evaluation, five sediment sampling stations were
strategically located on the Colorado River in the Grand
Canyon reach of river below Glen Canyon Dam.

The sampling program at each of the five stations
included collecting data on suspended sediment, bed
material, and channel hydraulics for computations of total
load. It was recognized that much of the sand size sediment
conzidered most critical in replenishing the beaches is
transported near or on the streambed of the river and cannot
be measured under the normal suspended sediment sampling
program. The total sand load was derived from the sand load
portion of the total sediment load computed by the Modified
Einstein Method. Total sand load rating curves (discharge
versus sand load) at each of the five sampling locations
served two purposes; one, as a control point on the river
for verification of the STARS (Sediment Transport and River
Simulation Model) (Orvis and Randle, 198&) developed by the
Bureau of Reclamation and the other to test several of the
sediment transport equations to see which is most applicable
to the Colorado River. :

The U.S. Geological Survey, Arizona District Office in
Tucson, Arizona was responsible for the ingtallation of
equipment and the collection of data at the five Colorado
River sampling locations. The sampling period ran in two
phases; Fhase | was from June 30, 1983 to December 13, 1983
with the second phase from October 1, 1983 to February 2,
1986. Phase | was limited to the high discharge range
because of the high runoff and operation of the river
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outlets and spiliway at Glen Canyon Dam beginning in June
1983. The high flow releases from Glen Canyon Dam prevailed
until October 1985. Sampling under Phase 2 or more nearly
the. normal operation of Glen Canyon Dam Powerplant wi th
fluctuating discharges ran for about four months beginning
on October 1, 19835.

Phase 1, the 1983 sediment data collection and analysis
program is described in the report, “Review Report, Sediment
Data Collection" by Ernest L. Pemberton dated December 3,
1984, The material contained in this Phase 1 report along
with the Phase 2 data from the 1985-86 period are combined
with a complete description of the data collection and
analysis presented in this report.

SEDIMENT SAMPLING PROGRAM

The location of these stations as shown in Figure 1
divides the river into four subreaches. The subreaches
allow for the separation of sediment originating from the
large tributaries such as the Paria River, Little Colorado
River, and Kanab Creek. This subdivision into four reaches
permits a better evaluation of sediment transport through
the approximate 225 miles of river from Lees Ferry to
Diamond Creek.

The five sampling sites on the Colorado River identified
in Figure 1 utilized two existing gages "at Lees Ferry" and
"near Grand Canyon". The other three main river stations
required installation of a low level cable from which a
cable car was hung for use in obtaining the field data. In
addition to the main river stations, suspended samples were
collected in 1982 at the three major tributaries, Paria
River, Little Colorado River, and Kanab Creek. Sediment
data had been collected at gages on these three tributaries
in previous years which provided a check of 1983 data with
data from the earlier years. Sediment load computations for
the tributaries and resulting supply to the Colorado River
ic described in detail in the report by Randle and
Pemberton, 1987.

Sampling procedures adopted by the Geological Survey in
1982 involved teams of two people stationed at each gage for
the sampling period. The sampling periocds which varied due
to delavys in installation and getting observers to the site
are given below:

Station Location Sampling Period

Number

t at Lees Ferry June 29,to December 11,1983
3 ab Little Colorado River July 12,to December 13,1983
4 nr Grand Canyon July 1,to December 14,1983

S ab National Canyon July 15,to December 7,1983

& ab Diamond Creek Auqust &,to December 19,1983

Suspended sediment samples on the tributaries covered
the period July 1 to December 3, 1983 for Paria River at
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Lees Ferry, July 27 to November 3, 1983 for Little Colorado
River at Cameron, and August 2 to December 13, 1983 for
Kanab Creek near Fredonia. :

The logistics for the 1983 program for collecting data
at the five sampling stations involved two people spending
ten dayes at each sampling site before moving on to another - .
station. With a few exceptions the data collection schedule
was as follows:

Phase 1 . -
Day Description of Activity A‘
| First day for every {0-day crew rotation

1. Suspended sediment - 20 to 25 verticals
(EW! or Equal-Width-Increment Method>
2. Bed Material - 20 to 2S5 verticals
2 to 10 Al ternate from day to day
First day - Discharge measurement
"Suspended sample (10 to 13
verticals by EWI Method>
Alternate day - Two sets of suspended samples
(10 to 15 verticals — EWI
Me thad)

Several changes were made in the data collection program
for the 1985 toc 19864 period primarily due to the fluctuating
f1ows from Glen Canyon Dam Powerplant releases. In order to
adequately sample the peaks, troughs, rising, and falling
stages of the flow hydrograph a schedule was developed for
continuous sampling for a 4-day period at each station. Two
boat crews consisting of & people started down the river '
with stops of four days at each sampling location. Two
sampling people per shift would sample on g8-hour shifts for
the 4-day period before moving on to the next location. For
the four month period from October 5, 1985 to February 2,
1986 each of the two crews made four trips down the river
collecting eight sets of 4~day samples at each sampling
site. The only exception to this schedule was at the Lees
Ferry sampling location where about one-third of the samples
collected at the other sampling stations were taken because
of clear water releases and sediment concentrations were
extremely low. An example of the sampling schedule at
Location 4, Colorado River near Grand Canyon (Figure 2)
shows the typical 1985-8é6 4-day sampling.

Sampling equipment used throughout the data collection
period included the P-4é1 sampler for most of the suspended
sediment samples with a D-77 used in the early part of 1983.
A Price &A Current Meter was used for velocity measurements.
In 1985-86 the cablecar was equiped with lights for ;
night-time operation and included a special power packKage T
for moving along the cable. The BM-54 was used to collect
bed materialsamples and the Helley-Smith for bed load -,
samples. i

One advantage with the time between sampling periods

permitted an adjustment in the sampling procedure for
1985-86 based on experience gained from the 1983 data

’ 10




analysis. Bed material samples in 1983 showed a consistent
pattern of streambed material across the cross section, with
only minor changes with time during the sampling period.
Because of this, the bed material samples in 1985-86 were
taken less frequently but on a regular interval with more
samples in the cross section to better define the variation
across the sampling section. Discharge measurements in
1785-8& were made closer in time with the suspended seciment
samples. With the faster changes in stage and discharge
during the rising and falling portions of the £1ow
hydrograph the current meter was piggy—backed with the
sediment sampler for computed discharges more applicable to
the actual time of sediment sampling.

BASIC DATA

Suspended sediment (EWI) samples were transmi tted to
Denver ,Colorade and analyzed for concentration and size
analyses (Guy, 1949) in the Bureau of Reclamation
Interregional Soil and Water Laboratory. All other samples
such as bed material and the Helley-Smith samples were
analyzed in the U.S. Geological Survey, Arizona District
Laboratory, Tucson, Arizona. All data collected in the
field such as discharge measurements and depth scundings
were input to the computer by the Geological Survey Tucson
Cffice.

In all laboratory work the location numbers used to
identify the sampling stations were as follows:

Location Station

Number

Colorado River at Lees Ferry

Paria River at Lees Ferry

Colorado River above Little Colorade River
Colorado River near Grand Canyon
Colorado River above National Canyon
Colorade River above Diamond Creek
Little Cotorado River at Cameron
Kanab Creek near Fredonia

Little Colorado River near mouth

NN DWN -

To avoid transporting large volumes of water samples
from the field to the Denver laboratory, the sand portion of
the sample was run through a 230 (.082 mm) sieve size screen
and retained for transmittal to the laboratory. The clay
and silt portion of the sample was run through a churn
splitter in the field and then the split sample was either
transmitted on a fiiter or S00 ml bottle to the laboratory.
Many problems were encountered with the filter either by
contamination, sticking together, or filter breaking into
pieces. These problems were eliminated in 1985-86 by use of
the bottle. In 1983 each sample sent to the laboratory
concicsted of (3) three 500 ml. size bottles each containing
a split portion of the clay and silt sizes (<0.062 mm)> of
the total sample, and a S50 ml. size bottle containing the
total sand particles ¢(>0.062 mm>. In 1983-86 only (2) two
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bottles containing the clay and silt size fraction were sent
to the laboratory. Early in the 1983 laboratory procedures
all of the (3) three bottles containing the clay and silt
material were analyzed to test the reliability of the churn
splitter. These tests showed less than a 10% variation in
the results which was within the accuracy of the splitting
procedure; therefore, during the late part of 1983 and for
all of 1985-84 only (1) one bottle was analyzed.

Other problems normal to any sediment data collection
program were encountered throughout the sampling period.
There were suspended sediment samples where it was obvious
that the nozzle dipped into the bed of the stream as
indicated by unusually high sediment concentrations in
addition to abnormal size distribution. Other samples
arrived at the laboratory with no total weights or with
omission of the sand sample. One problem that occurred in
1983 and again in 1985-86 was evidenced by pieces of glass
chips found in the sand material. For the above reasons a
few of the samples were not analyzed or could not be used in
the sediment transport computations. During 1983 sampling
period, 1,115 suspended sediment samples, and in 19835-86
828 samplies were received in the Denver Interregional Soil
and Water Laboratory for analysis. A list of the results of
all the suspended sediment sample analyses used in the
sediment transport computations is shown in Table 1.

Table 2 is a list of all the discharge measurements (874
given) utilized in the sediment transport computations. The
measurements made in 1983 at the sampling stations were
schedule for every other day but because of gaps due to crew
changes this schedule was not alwayrs possible. In 1985-86
more discharge measurements were taken to aid in defining
the channel hydraulics for use in the sediment transport
computations.

There were 976 bed material samples taken in the 1¥83
and in 1985-84 periods which were used in developing average
bed material sizes for the sediment transport computations.
Some of the samples collected did not have sufficient
quantity of material to be considered in determining an
average. Examples of the bed material samples taken on July
12, 1983 and December &, 1985 at the “"Above Little Colorado
River" sampling station are shown in Figure 3 and 4,
respectively. A tabulation of the bed material size
gradations used in the sediment transport computations is
shown in Table 3.

A list of the number of samples or measurements taken in
the two sampling periods and used in the computations
described in this report is given below.




Item Number of Samples or Measurements

. 1983 1985-84

Main Channel Tributaries Main Channel
Suspended Sediment 814 261 777
Bed Material 484 292
Discharge Measurements 259 615

SEDIMENT TRANSPORT COMPUTATIONS

The Mofified Einstein Method (Colby and Hembree, 1933)
that relies on discharge measurements, suspended }oad
samples, and bed material samples is standard procedure for
computing the total sand in transport at a sampling station.
The recults of the Modified Einstein computations provided
data to develop total sand load rating curves at the five
sampling locations and to test several of the many different
predictive sediment transport equations for applicability to
the Colorado River. The data needed for the Modified
Einstein Method are stream discharge Q, mean velocity U,
cross—-sectional area A, stream width b, mean depth of cross
section applicable to the EWI sampling verticals d, the
measured sediment discharge concentration C, size
distribution of the suspended load, size distribution of the
bed material at the cross section, and water temperature.
The predictive equation computations use the same data
except for the cuspended sediment load measurements., Total
sediment transport was computed using five applicable
predictive transport equations:

Ackers and White (Ackers and White,1973)

Mever—Peter and Muller (Meyer-Peter and
Muller,1948; Randle,1984)

Toffaleti (Toffaleti,1949™

Velocity-Xi Adjusted Einstein, Bureau of Reclamation,
(Einstein,1950; Femberton,1972)

Yang (Yang,1973)

The linking of several different types of data toge ther
from discharge measurements, suspended sediment samples, and
bed material samples was necessary to make one sediment
transport computation for a given location and time. A
computerized data management system was developed to combine
the tremendous variety and volume of data for computations
of =and load at each of the five sampling stations and for
different transport equations. The data management system
developed in the Sedimentation and River Hydraulics Section,
Bureau of Reclamation, Denver, Colorado made it possible to
sort and plot the data in & variety of wars. It also
eliminated tedious hand computations and the need for
reentry of data for use with various programs. Without the
aid of the data management system the amount of work
accomplished would have been both time and cost prohibitive.

Computations by the Meyer—-Peter and Muller equation were

l'imited to the 1983 data because the results were found to
be from 10% to 20% less than values shown by the other
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equations and thus not applicable to the Colorado River as
indicated in my report dated December 35, 1%84.

BED MATERIAL

The first step in the sediment transport computations
was developement of a method for determining the appropriate
bed material for use with the channel hydraulics (Table 2)
and suspended sediment sample results (Table 1). The
plotting of all the bed material size gradation for each
sample revealed some drastic changes (Figure 3 and 4> in bed
material sizes ranging from sand to gravels and cobbles
across the section at the five Colorado River sampling
stations. However, consistencies did exist in certain
portions of each measuring cross section with some minor
changes with time during the sampling period. For use in
the sediment transport computations bed material samples
were composited by averaging data representing a
predetermined portion of the cross section and time period.
In the procedure for determining the composite or average
bed material size, the plotted cross sections defined by the
discharge measurements were used to locate changes in bed
material within the channel cross section. Each bed
material composite was applicable to a particular river
gage, cross section limits, and time period with up to four
bed material composites in a cross section. Table 3 shows
all of the bed material composites developed from the 976
samples. The plots of these composites are shown in Figure
5 through Figure 18. Figures 19 through 32 show the change
in bed material size gradation at a typical cross section
plot for each of the composite bed material sizes given in
Table 3. As noted in Table 3 and the plotted size
gradation, bed material composites could apply to separated
portions of the cross Bection.

A problem was encountered in the sampling if the BM-54
sampler, when contacting gravel or cobble size material,
would close on contact with the bed and no material was
collected. When this occurred it was identified as a "no
return” or "NR"sample. In some cases, samples were
collected near the interface where the bed material was
changing from sand to gravel material, and these samples had
a few particles of coarse gravel and a small amount of sand.
Some of the bimodal type samples were not used in computing
a composite size gradation.

CHANNEL HYDRAULICS

Since the suspended sediment samples were not taken at
or near the same time as the discharge measurements,
especially in 1983, a method was developed for computing
hydraulic parameters for use in the transport computations.
A subdivision of the channel section was made with the same
cross section distance limits as defined by the bed material
composites. Subdivision of the section was accomplished by
selecting a discharge measurement closest in time and gage
height and adjusting the cross sectional area to time of

7
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sampling by a change in gage heights. No change in velocity
shown in the discharge measurement was made within a
specified portion of the cross cection. This technique
provided a computed discharge for the suspended sample that
could be subdivided into segments as defined by the change
in bed material.

The celectiaon of a discharge measurement that could be
adjusted for gage height and then subdivided for zegmental
discharge at time of suspended sampling worked better for
the 1995-56 data with the additional discharge measurements.

SUSPENDED SAMPLES

The suspended sediment concentration and size gradation
represented the results of an EWI (Equal-Width-Increment?
(U.S. Geological Survey, 1978) Method of sampling. This
permitted the compeositing of all verticals sampled into one
sample for laboratory analysis with the results given in
Table 1.

MODIFIED EINSTEIN METHOD

The computations of total sand load were computed by
parts because of significant variations in bed material
across the sampling station. Hydraulic parameters such as
discharge, area, velocity, top width, and wetted perimeter
were computed for each subsection (See Figures 1% to 32).
The bed material composites are tabulated in Table 3 and
plotted in Figqures S5 throuah 13. The results of the

Modified Einstein total load computation were used to
develop a sand load rating curve at each sampling station as
well as provide a check on the best predictive equation.

The method used is the Bureau of Reclamation’s version of
the Modified Einstein Method (Lara, 1966é6; Stevens, 1985)
whereby "2" values are computed for at least two sand sizes
with sufficient material found both in suspension and in the
bed. The "2" value represents the slope of the sediment
concentration curvé from water surface to the streambed.
After computing the "2" values for two or more reterence
sizes, the "2" values for all other sizes are computed by
extrapolation from a least square correlation with fall
velocity from the computed "Z" values. The "2" slopes of
the reference sizes are then used in computing the sediment
transport rather than a value from the correlation.

For all five of the Colorado River sampling stations the
firet run for the Modified Einstein Method was made with "Z2"
slopes computed for the referenced size fractions having ¥
or greater material in both suspension and bed material.
After the first run this percentage was sometimes changed in
order to complete a computation and/or to have a better
correlation for extrapolation purposes.

In the Modified Einstein computations, the suspended

zediment load was subdivided within the cross section as
identified by the twpe of bed material. The suspended
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sediment samples were composited from the EWI Method as

sampled over the entire cross section width. The suspended

sediment concentration and size was assumed to be the same

in each subdivision of the water discharge and corresponding

bed material. This assumption is considered good bhecause of

the interaction within the cross section caused by irregqular v
bed forms, channel veloccities, and turbulence. The meander

pattern of the channel and variation of bed materials

created by the meander in the vicinity of the five sampling i
stations also support the one composited suspended sediment
sample as the same over all portions of the channel cross
section.

An example of the output for a Modified Einstein
computation is shown in Tables 4, 5, and é for Colorado
River at Lees Ferry on July ¢, 1983. The cross section for
July 9, 1983 is shown in Figure 19 with the appropriate
subdivision of the section for the different bed material
composition. The bed material size analysis used in the
Modified Einstein computations is shown in Figure 5. The
discharge used in the computations was for July 9, 1983, at
Time 1130 with a gage height of 14.58 and measured discharqge
of 53,500 cubic feet per second. The computed discharge for
the suspended sediment sample taken on July 9, 1983, at Time
1710 with a gage height of 14.55 was 53,433 cubic feet per
second. Table 7 shows the subdivision of the total
discharge in appropriate segments for the transport
computation. All data used in the computations are shown in
Tables 4, S, and 6. Table 7 also shows the hydraulics for
the “"No Return" portion of the channel! assumed to have a
cobble or ltarger size bed material. The suspended load over
each segment of the cross section is proportioned according
discharge.

The "2" values shown in Tables 4, 5, and é are computed
for the reference sizes in which the percent of material in
suspension and bed is 1% or greater. The fitted "2" values
represent a least squares correlation and are only used for
computing total load if there is no computed "2".

The sand load portion of the Modified Einstein total
load computation for each suspended sediment sample (example
shown in Table 7) was plotted using a log-log scale of
discharge in cubic feet per second versus sand load in tons
per day. Thus sand load rating curves for each of the five
sampling stations were developed. The plotted points and
rating curves are given on Figures 33 through 37. Data
points are plotted for the 1983 as well as the 1985-84 e
sampling periods. Examination of the plots for 1983 and
1985-84 show the overlap in discharges for the two periods
in the vicinity of about 20,000 cubic feet per second. The ~
range in discharges for which sand loads were computed in
the two sampling periods is shown in Table 8.




MODIFIED EINSTEIN SAND LOAD REGRESSION CURVES

Total sand loads computed by the Modified Einstein
Me thod and plotted in Figures 33 through 37 were used to
develop rating curves by a least squares regression analysis
(Chow V.T.,19464). The data scatter is quite noticeable in
the Modified Einstein data points and appears extreme.
However, the computed equation will provide a representative
average. The scatter in data points occurs at all five
sampling stations (Figures 33 through 37) and can be traced
back to extremes in the suspended sediment sample results.
Extremes in suspended sediment samples on the Colorado River
are not unusual because of tributary or side drainage inflow
of sediment in addition to filaments of sediment movement in
suspension caused by sand dune or sand bars influencing
instantaneous samples. The natural factors given above that
create fluctuations in channel hydraulics and sediment
transport parameters have a direct influence on variations
in computed sand loads by the Modified Einstein Method.
Al though some of the scatter in data points about the
regression lines shown in Figures 33 through 37 may be
attributed to errors in sampling, laboratory analyses, or
computations, a much larger deviation about the mean is a
natural phenonamen inherit in the measured sand load. The
adjusted regression lines in Figures 33 through 37 should be
disregarded since the plotting software was an existing
Bureau of Reclamation program that in addition to a
regression line developed an adjusted line for which the sum
of residuals equals zero. The adopted equations for the
regression lines for the five sampling stations are given on
Figure 33 through 37 and listed in Table 9.

In developing the regression equations several
condi tions were noted that influenced the selection of the
final adopted equations shown in Table ?. In arriving at
these final equations one of the critical conditions was

that the regression lines for any station have some
continuity when compared to the sand load curves at the
other sampling stations. In this comparison the

extrapolation of the equations beyond the discharges
measured at a particular station was a concern. To aid in
evaluating inluences of other stations and problems of
extrapolation, the sand load rating curves for all stations
are shown on Figure 38. A comparison of the sand load
rating curves show a slight break in slope or change in the
exponent or power of water discharge above a discharge of
about 25,000 cu.ft./sec. for all curves except for above
Little Colorado River that breaks at about 40,000
cu.ft./sec. This break in slope is not unusual because many
river channels have rating curves for suspended load that
have a similar break due to several reasons such as
adjustment in channel hydraulics or 1imit in sediment
supply. A station by station description of conditions
considered in the final equations is given in subsequent
paragraphs.




At Lees Ferry, the data indicated two different
equations, one for above and one for below discharges of
25,000 cubic feet per second. The equation for below 25,000
cubic feet per second was influenced by relatively high
suspended concentrations of sand size sediments. These
points were disregarded by extrapolation of the regression
line below 25,000 cubic feet per second parallel to the
curves for downstream stations which had more data for
computing a line (Figure 33).

Above Little Colorado River, the break in data with
discharges was moved up to 40,000 cubic feet per second.
This was done by examining the highest discharges and
extended up to match the 100,000 cubic feet per second
rating curve at Lees Ferry (Figure 34).

Near Grand Canyon data provided the most information at
high discharges for extrapolating the equations for Above
National Canyon and Above Diamond Creek. Because of the
need for the extrapolation and the extremely close
comparison of the sand load rating curves at all three
stations the data for all three stations were combined to
compute rating curve equations for above and below the
25,000 cubic feet per second (Figure 33).

Above National Canvon sand load rating curves (Figure
34) for above and below 25,000 cubic feet per second are
identical to that developed for the three sampling stations
at Lecation 4, 5, and 6.

Abcve Diamond Creek sand load rating curves (Figure 37)
for above and below 25,000 cubic feet per second are
determined by combining data from Locations 4, 5, and é.

The Modified Einstein sand load rating curves derived by
combining all of the data for 1983 and 1985-86 for Locations
4, S5, and 6 are shown on Figure 39.

ERROR ANALYSIS

The Modified Einstein equations (tables ¢ and 10)
represent total sand loads with many natural variations or
errors in the data that could influence the results. These
variations or possible errors involve the following:
suspended sediment samples, bed material samoles, discharge
measurements, and laboratory analyses of suspended and bed
material samples. Without tests of errors in all of the
above for the Colorado River in the Grand Canyon (and more
specifically at the sampling sites), all uncertainty caused
by either errors or extremes in data are plus or minus and
would, in general, cancel each other. Data from streams
having medium to fine sand size bed material show variations
in error ranging from + or - 4 percent for discharge
measurements to + or — 20 percent error in Modified Einstein
computations. For the Colorado River, average relationships
were developed which should help cancel the errors involved
in all possible factors. Modified Einstein results can vary
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from the computed regression lines due to time variations in
sediment loads. Many of the apparent errors or variations
are caused by natural factors that create fluctuations in
the parameters used in the channel hydraulics or sediment
parameters.

PREDICTIVE EQUATIONS

Upon completion of the Modified Einstein computations,
the same bed material size analyses and hydraulic parameters
were used to compute the transport by five different
predictive equations. For each computation by a predictive
equation the results were presented in tables similar to
Table 7, with the composites added together for total sand
transport. The only exception was in the application ot the
Meyer—Peter and Muller equation which was used with the 1983
data, but the equation gave consistently low sand loads and
was not used when the 1983 and 1985-86 data were combined.

The regression curves for sand load computed by the four
predictive transport equations at each of the five sampling
stations are shown in Figures 40 through S9. The predictive
equations were also applied to the combined data for
Locations 4, 5, and & and shown on Figures 40 through &3.
The predictive equations, in general, showed much less
scatter and a better correlation coefficient when compared
with the Modified Einstein results, because of reliance
solely on bed material size gradation and channel hydraulic
properties. Unfortunately the 1985-86 data and especially
at the station Above Little Colorado River had a major
change in bed material within the cross section which
resulted in two parallel sets of data points. The parallel
lines are caused by a reduction of gravel-cobble bed
material and increase in sand size material within the cross
section. Because the predictive equation results are very
sensitive to bed material size, any change from
gravel-cobble streambed to sand size sediments within the
cross section would drastically influence the computed sand
loads. With similar number of data points in each set of
parallel lines the average line as computed was considered
adequate. The regression line equations for the predictive
equations as well as the Modified Einstein equation at the
five sampling stations are listed in Table 10.

A comparison was made of the rating curves for all sand
transport computations for the five sampling stations and
the combined Location 4, 5, and & as shown in Figures 64
through 69. The result of this comparison would indicate
that any one of the final four equations (excluding the
Meyer—-Peter and Muller) gives sand loads that agree
favorably with the Modified Einstein sand loads.

In comparing the Toffaleti and Velocity—Xi equations,
loads are computed by size fractions which considers a
hiding factor, while the sand loads computed by Ackers and
White and Yang equations are based on a mean size bed
material with no hiding factor. There is a distinct
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advantage using either the Velocity-Xi(adjusted Einstein) or
the Toffaleti equation in the STARS model on the Colorado
River because the potential exists for armoring of the
streambed with a sand-gravel mixture and these equations
account for armoring with & hiding factor. Other equations
require an additional armoring analysis.

SUMMARY

This report presents a description of the steps involved
in completing the sediment transport computations for data
collected in 1983 and in 1985-86 at the five (3) Colorado
River sampling stations. It documents the basic data that
were used in- the sediment computations and by example shows
the parameters used such as; bed material size, channel
cross section from discharge measurements, variation of bed
materials in the section, and suspended sediment
concentration and size analysis. Examples are given on the
transport computations and method for compositing the
subdivided sections into a total transport (Table 7).

The assumptions are described that are critical for
completing the sediment transport computations. Al though
problems arose during the processing and analyzing of the
data, the development of the data base and data management
system by Tim Randle of the Denver Office of the Bureau of
Reclamation provided an efficient and reliable method to
complete the transport computations and present the resulte.

The sand load rating curves derived for all five
sampling stations by the Modified Einstein Method and the
other predictive equations as illustrated in Figures 33
through &9 represent the completion of Sediment Data
Collection And Analysis Program.

RECOMMENDAT I ONS

Sand load rating curves at the five sampling locations
recommended for use as control points in the STARS sediment
routing model are given in Table 9. Based on comparison of
sand load rating curves for the predictive equations any one
of the four equations was found to adequately check the sand
load computed by the Modified Einstein Method at all of the
five sampling stations.

Either the Velocity-Xi(adjusted Einstein) or Toffaleti
equations that rely on .a hiding factor would be more
applicable for computing sand load transport in the STARS
model. It is recommended that selection of either of these
two equations for use in the STARS model be based on the
least amount of computer time to reduce costs.
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Table B

Range in Discharges for Sampling FPeriods
Colorado River Transport Study

Year Station Range in Discharges
Cubic Feet Per Second

1983 1 22,047 to 71,044
198524 3,240 to 24,817
1983 3 21,818 to 57,443
1955-86 3 5,249 to 23,545
1983 4 21,231 to 83,542
1985-34 4 4,219 to 24,543
1983 5 22,941 to 55,229
1985-34 5 2,94% to 28,801
1983 6 23,973 to 39,660

1985-86 é 3,807 tao 28,341
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Table 9

IVER TRANSPORT STUDY

SAND LOAD RATING CURVES

1983 a

Location Discharge Limits

1 0CFS to 25,000 CFS

1 25,000 CFS to Maximum
3 0 CFS to 40,000 CFS

3 40,000 CFS to Max imum
0 CFS to 25,000 CFS

4,586

25,000 CFS to Max imum
Legend: Location 1 = Colorado River
Location 3 = Colorado Rliver
Location 4 = Colorado River
Locatlion 5 = Colorado River
Location 6 = Colorado River

nd 1985-86 Data

Sand Load Equation - Tons/Day

0.21029E~11%Q**03,3326

0.27301E-14%Q**03, 9864

0,46047E-10%Q%**03,2228

0.57336E-05%Q**02. 1117

0.31854E -10%Q**03.3326
0. 101 14E-04*Q**02, 1117

at Lees Ferry

above Littlie Colorado Rlver
near Grand Canyon

above National Canyon

above Diamond Creek
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Correlation
Coefficient

0.897

0.915

0.898
0.675




Location

1

4,586

)y -
(L) -

Method

Modifled
Einsteln

Ackers and white
Toffaleti
Veloclty-Xi

Yang

Modifled
Einstein

Ackers and White
Toffateti

Valoci ty-Xi

Yang

Modi fled
Einstein

Ackers and White
Toffaleti
Veloclty-XI

Yang

Modiflied
Einstein

Ackers and White
Toffaleti
Velocity-Xi

Yang

Modified
Einsteln

Ackers and White
Tof faleti
Velocity~-Xi

Yang

Modifled
Einstelin

Ackers and White
Tof faleti
Velocity-Xi

Yang

Upper Curve }

Lower Curve

Table 10

COLORADO RIVER TRANSPORT STUDY
SAND LOAD RATING CURVES

1983 and

Discharge - CFS

Minimum Maximum Minimum

3360 91044
9521 91044
4181 91044
9521 91044
9521 91044
5249 57643
5249 57643
5249 57643
5249 57643
5249 57643
6319 83542
6319 83542
6319 83542
6319 83542
6319 83542
2969 55229
2969 55229
2969 55229
2969 55229
2969 55229
3807 39660
5338 39660
4006 39660
3807 39660
4006 39660
2969 83542
2969 83542
2969 83542
2969 83542
2969 83542

1985-86 DATA

Sand load - T/D

Max imum

32 105,412
19 82, 589
! 30,680
4 92,726
25 134,096
40 99, 741
5 17,470

5 17,932

S 25,963
8 15, 171
78 300,444
126 104,377
110 41,449
181 431,531
76 117,219
20 201,231
20 236,351
13 87,297
36 792,483
19 186, 380
52 127,718
9 132,900

1 51,490

1 284,999

1 46,224

20 300,444

236,351
87,297
792,483
186, 380

- — D

Split at 25,000 CFS

)4
-)

Sand Load Equation

«27301E-14%Q%%3 9864
+66598E-04%Q**1,6439
+13267E-11%Q%*3_,4319
«71061E-10%Q**3_0132
« 14979E-12*Q**3, 5982
«45951E-13%Q**3,7466

«46047E-10%*Q**3,2228

«23621E-07*Q**2,5355
«99023E-07*Q%**2,3675
»38124E-08*Q**2,6980
. 12184E-07*Q**2,5874

«31243E-04%Q%%1 9961
«21120E-11%Q%*3,6104
« 79606E-06*Q**2,2753
«41271E-05%Q**2,1074
+83662E-07*Q%**2,5758
«24605E-07*Q**2, 5847

«86843E-05%Q**2, 1448
« 18688E-09*Q¥**3, 1519
«42876E~10%Q¥**3,3222
« 13551E-10%Q**3,4223
«20423E-12*Q**3,9176
«21843E-10*Q**3,3504

«35941E~12*Q**3,7706
67850E-10%Q%**3,2542
191 10E-16*Q**4,7779
« 26290E ~17*Q%**4 9594
«71860E-20*Q**5,6358
. 19834E-16*Q%*4,7021

o 10114E-04%Q**2, 1117
«31854E-10%Q**3, 3326
«67T90E-10*Q**3,2436
«36064E~10%Q**3,2951
«34449E-12%Q%**3,8394
«T4576E-11%#Q**3,4169

()
(L)

)
)

U
L

)
(L)

)
L)

Correlation
Coefficient

0.897
0.672
0.975
0.926
0.928
0.993

0.915

0.792
0.766
0.823
0.851

0.732
0.913
0.947
0.924
0.905
0.972

0.645
0.882
0.978
0.974
0.979
0.970

0. 566
0.896
0.990
0.989
0.992
0.995

0.675
0.898
0,927
0.915
0.923
0.942
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