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CONVERSION FACTORS AND ABBREVIATIONS

The following factors may be used to convert the inch—-pound units
published herein to the International System of Units (SI). These factors are
shown to four significant figures, but the conventional SI system equivalents
should be consistent with the values in inch-pound system.

Multiply inch-pound units By To obtain SI units
square mile (mi2) 2.590 square kilometer (km?)
ton, short 0.9072 megagram (Mg)



EVALUATION OF A HYDROGRAPH-SHIFTING METHOD FOR ESTIMATING

SUSPENDED~SEDIMENT LOADS IN ILLINOIS STREAMS

By Leonard R. Frost, Jr. and Lawrence J. Mansue

ABSTRACT

A hydrograph-shifting method for estimating monthly and annual suspended-
sediment loads was applied to suspended-sediment records for 12 streams in
Illinois. Transport equations for each station were obtained from 2 years of
suspended~sediment discharge and streamflow data. Synthetic sediment-~discharge
hydrographs were generated by using the transport equations and daily records
of streamflow. These hydrographs were shifted to measured values of daily
sediment discharge (control points) selected to represent weekly, biweekly,
and monthly sampling frequencies. Estimates of monthly suspended-sediment
load ranged from 16 to 326 percent of measured values. Estimates of annual
suspended-sediment loads ranged from 41 to 136 percent of measured values,
which indicates that the method provides a reasonable means of estimating
annual loads for most sites. An experiment designed to measure the subjec-
tivity of the method showed it to be more dependent on the particular days
selected as control points than on the person applying the method. An evalua-
tion of the effect of the length of record used to develop transport equations
on sediment load estimates was not conclusive. Although standard errors of
estimate showed no improvement, the comparison of estimated loads with
measured loads showed slight improvement when an additional 1 or 2 years of
data were added to the first year of data used to develop transport equations.

INTRODUCTION

Water-resource planning and water-quality assessment require information
on sediment concentrations and loads in streams. Studies under Section 208 of
Public Law 92-500 have suggested that sediment may be a major cause of water-
quality degradation in Illinois (Illinois Environmental Protection Agency,
1979). Sources of sediment include agricultural lands, highway construction
sites, and industrial and residential development sites. The increasing cost
of operating a daily suspended-sediment station has heightened interest by
governmental agencies in using alternate methods to compute sediment loads.

PurEose

The primary purpose of this study is to evaluate a hydrograph-shifting
method for calculating suspended-sediment discharges and loads in Illinois
streams. In addition, the frequency of sampling and subjectivity involved
in applying the hydrograph-shifting method are evaluated.



Scope

Twelve stations, for which at least 2 years of daily suspended-sediment
discharge were available, were selected for evaluation of the method. Eight
sites, for which there were more than 3 years of data, were selected to evalu-
ate the effect of different lengths of record on the quality of the sediment
transport equation. Estimates of monthly and annual loads were compared to
published (measured) data to determine the accuracy of the method. Nine
people used the method on data for one station to investigate the subjectivity
of the method. Shifting of sediment-discharge hydrographs to published values
for every 7th, 14th, and 28th day was done to simulate weekly, biweekly, and
monthly sampling frequencies.

METHOD

A method of shifting a generalized sediment-discharge hydrograph to known
values was referred to as the "shift-control" method by Colby (1956, p. 46).

The application of such a method requires that sufficient data be
available to define a sediment transport curve (a relation between suspended-
sediment discharge and streamflow). The relation, along with daily water
discharges, is used to generate estimated daily sediment discharges. These
estimated discharges are plotted in semi-logarithmic hydrograph form and then
the hydrograph is adjusted (shifted) to pass through or near known daily
suspended-sediment discharges (control points). In practice, the control
points are periodic instantaneous or daily discharges determined from
suspended-sediment concentrations and streamflow. After shifting the base
hydrograph to the control points, daily values are determined from the graph
and are summed to give monthly and annual sediment loads. The method has
potential usefulness in making estimates of suspended-sediment loads for sites
where daily sampling has been discontinued but less frequent sampling occurs.

Data

From 18 sites in Illinois for which 2 or more years of sediment data are
available, 12 were selected for evaluation of the shift-control method. Eight
of the 18 sites had 3 or more years of record and were selected for an evalua-
tion of the effects of varying lengths of record on the quality of the sediment
transport equations. The basis for selection was the degree of linear corre-
lation between the logarithms of suspended-sediment concentration and water
discharge, and the completeness of daily records. The stations, corresponding
drainage areas, and periods of record are shown in table 1.



Transport Equations

Linear relations, from least-squares regression analyses, between the
logarithms of suspended-sediment discharge and streamflow were developed for
the 12 stations as shown in figures 1 through 12. A single regression line
does not always represent the transport relation best; however, the effort
required to sort sediment discharges by their relation to stage, water dis-
charge, seasonality, or land use during the period of record was beyond the
scope of this study. Figures 1 through 12 indicate that single linear
segments were adequate for the purposes of this report. Factors which affect
suspended-sediment concentrations also affect the scatter of points in the
sediment discharge versus water discharge plots. Such variations may be
accounted for by more sophisticated transport equations than those used in
this report. The variations in the lower values in figures 6 and 7, for
examples, might be explained by changes in land use, channel morphology, or by
the use of two different sampling techniques for low flows. The stringing-out
or looping of data points in figure 10 may represent the commonly occurring
effect that varying sediment availability (generally more is available during
rising than falling stages) has on daily sediment concentrations and dis-
charges. Seasonality in the sediment discharges is shown in figure 13 which
is a plot of the residuals from the regression of the logarithms of sediment
discharges on the logarithms of water discharges for the Iroquois River near
Chebanse. As an example of the improvement in regression equations that is
possible when accounting for seasonality, an additional regression analysis
was done after adding day of the year as a second independent variable. The
standard error of estimate for the transport equations was reduced from an
average of 94 percent to an average of 45 percent by relating the logarithm of
sediment discharge to a function of the day of the year as well as to the
logarithm of water discharge. Correlation coefficients between daily mean
suspended-sediment concentrations and daily mean water discharges, regression
coefficients, and average standard errors of estimate for the transport
equations are shown in table 2.

Transport equations were also developed from 1, 2, and 3 years of sedi-
ment discharge and streamflow records for eight stations to evaluate the effect
of using various lengths of record to obtain transport curves. No shifts were
applied to these estimates. Standard errors of estimate indicated that little
or no improvement was made by adding the second or third years' data to the
analyses. However, as shown in table 3, comparison of loads estimated by the
three transport equations with those computed from daily suspended-sediment
data generally showed slight improvement. Ratios of these estimated loads to
measured loads improved by 2.5 and 2.4 percent, respectively, when increasing
the data set from 1 to 2 years and from 2 to 3 years. The improvement
affected by adding 2 years of data to the first year averaged 4.1 percent.



Hydrograph Shifting

Hydrographs generated from transport equations and streamflow data were
shifted to control points spaced at 7-, 14-, and 28-day intervals to represent
weekly, biweekly, and monthly sampling frequencies. Actual values used for
control points in this study were daily suspended-sediment discharges from
published data (U.S. Geological Survey, 1980-82). In practice, the control
points would be instantaneous or daily discharges computed from streamflow and
periodic sample data.

Generally, the shifted hydrograph was similar in shape to the base hydro-
graph with some deviation near the control points. When large changes in the
base hydrograph were made, they were done by starting the deviation from the
shape of the base at or near the onset of the streamflow change that seemed
responsible for the change in sediment discharge.

Some guidelines were established to keep the application of the method as
uniform as possible. They were: (1) selection of control points would start
with the value for October 1, and (2) the shifted hydrograph would pass through
all control points. Other guidelines for shifting the base hydrographs were
developed for evaluation of the subjectivity of the method.

SUBJECTIVITY OF THE METHOD

The use of from one to five control points to shift a month's sediment
discharge record leaves room for personal judgment in the placement of the
shifted hydrograph. Wwhen fewer control points are used, the method becomes,
in general, more subjective because of the need for considerable interpolation
between the points.

In addition, selection of different points will result in different shift-
ing of the hydrograph. The control points selected at fixed intervals will
depend on the starting date and the sampling frequency. A simple experiment
was designed to evaluate the subjective aspects of the hydrograph-shifting
procedure described in this report.

Nine people independently used the shift-control procedure on the 1981
hydrograph for the Kankakee River near Wilmington. All control points were
used (shifted hydrograph would pass through all control points) in order to
reduce the participants' tendencies to rely heavily upon their experience to
draw the curves instead of shifting the base hydrograph to the control points.

The nine participants were divided into groups of three. The first group
selected control points (published daily sediment discharges) starting with
the October 1, 1980, value; the second group with the October 10, 1980, value;
and the third group with the October 20, 1980, value. Each group used every
7th, 14th, and 28th daily sediment discharge to represent weekly, biweekly,
and monthly sampling frequencies, respectively.



Analysis of variance was used to evaluate the relative importance of
starting date and sampling frequency. Results indicated that starting date
was the more important of the two for this site and year of record. The
starting date (and subsequent dates at the prescribed fixed intervals) may be
important because of differences between sediment availability on these and
other dates and on the several days preceding them. The differences could be
particularly significant during spring runoff when large percentages of the
annual suspended-sediment loads are discharged in several days' runoff.

Ratios of the annual sediment discharges calculated by using the
hydrograph-shifting method to those computed from daily sediment-discharge
records were plotted as a histogram in figure 14 to show the distribution of
results.

Means and standard deviations of the ratios of shifted to measured sedi-
ment discharges are as follows:

Sampling freguency Mean Standard deviation
Monthly 0.80 0.29
Biweekly .83 «25
Weekly .78 <13

These statistics indicate that although greater reproducibility (decreased
dispersion of estimates) resulted from increasing the sampling frequency,
accuracy (closeness of ratio to unity) did not improve. The decrease in the
standard deviation, with increasing sampling frequency, may be interpreted as
less opportunity for subjectivity in the shifting of the hydrograph between
control points. The differences of the relatively constant mean values from
unity represents a bias in the estimated discharge. The bias probably results,
in part, from the use of a simple linear model for the sediment discharge-
water discharge relation.

The ratios of estimated to measured sediment loads for each sampling
frequency and starting date for Kankakee River near Wilmington are shown in
table 4. 1In general, results obtained from the method seem more influenced by
differences in control points used (resulting from use of different starting
dates) than by the individuals doing the hydrograph shifting.

ESTIMATES OF MONTHLY AND ANNUAL SUSPENDED-SEDIMENT LOADS

Suspended-sediment loads estimated for each month of the 1981 water year
(1980 water year for Iroquois River at Iroquois) and annual suspended-sediment
load estimates are shown in table 5.

The monthly load estimates ranged from 16 to 326 percent of measured
loads. Monthly estimates are influenced more than annual estimates by dif-
ferences in the amount of sediment available for transport during higher
flows. The differences between estimated and measured annual loads probably
reflect differences in sediment availability and storm characteristics between
the estimated year and the years used to generate the transport curve rather
than a change in the ability of the stream to transport sediment. In addi-
tion, some differences may result from representing the transport curve with a
simple linear relation.



Estimated annual loads ranged from 41 to 136 percent of measured loads.
For all 12 sites, the average ratios of estimated to measured annual loads
were: 0.68 for the unshifted base hydrograph, 0.83 for the monthly shift,
0.90 for the biweekly shift, and 0.96 for the weekly shift.

SUMMARY

A synthetic sediment-discharge hydrograph developed from sediment-water
discharge relations and records of streamflow can be shifted to once-monthly,
or more frequent, values of daily suspended-sediment discharge to provide
estimates of monthly and annual suspended-sediment loads. The estimates of
monthly suspended-sediment loads were poor, ranging from 16 to 326 percent of
measured loads. Estimates of annual loads based on shifting to once-monthly
measured values were more accurate, ranging from 41 to 128 percent of measured
loads. Estimates made by shifting to biweekly and weekly values were
increasingly accurate, ranging from 60 to 136 percent and 71 to 129 percent
of measured loads, respectively.

The method seems sensitive to the values used as control points which
probably results from variations in sediment availability prior to, and on,
days used for control points in the hydrograph-shifting process.

Improvement in accuracy of the method may be possible through better
representation of the data by a curvilinear transport curve, a multi-segmented
linear transport curve, or one in which seasonality and hysteresis can be
quantified or compensated for. The method as applied to Illinois streams is
presented herein with errors quantified. Applicability of the method will
depend on the magnitude of error acceptable to the user.
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NUMBER OF TEST RESULTS
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W10 M= Monthly
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RATIOS OF ESTIMATED SUSPENDED-SEDIMENT LOADS
TO MEASURED SUSPENDED-SEDIMENT LOADS

Figure 14.--Distribution of results of subjectivity test
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Table 1.~-Stations selected for evaluation of shift-~control method and

effects of length of record on transport equations

Station
number

Station name

Drainage
area
(mi2)

Period of
record
(Month/year)

03343550

03378900

03382100

05440000
05447500
05466500
05469000
05520500
05525000
05526000
05527500
05532500
05570370

05570380

Green River near Geneseo

Kankakee River at Momence2

Iroquois River at Iroquois

Big Creek near Bryant1'2

Slug Run near Bryant2

Embarras River at State Highway 133
near Oakland!

Little wabash River at Louissvilleh2

South Fork Saline River near
Carrier Mills1

Kishwaukee River near Perryville1
1,2
Edwards River near New Boston

Henderson Creek near Ogquawka

1

Iroquois River near Chebanse
Kankakee River near Wilmington"

Des Plaines River at Riverside

542

745

147

1,099
1,003
445
432
2,294
686
2,091
5,150
630

41.2

01/79~-09/81

03/77-09/81

10/79~09/81

04/79-09/81
04/78-09/81
01/79-09/81
04/78-09/81
10/78-09/81
10/78-09/80
10/78-09/81
10/78-09/81
04/79-09/81
12/71-09/81

10/75-09/80

1 Selected for evaluation of shift-control method.

2 Evaluated for effects of length of record on loads estimated by sediment

transport eguations.
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Table 4.--Ratios of annual suspended-sediment loads, from

shifted hydrographs, to measured suspended-sediment

loads for Kankakee River near Wilmington,

1981 water year

Starting date for selecting

Sampling control points Row
frequency Oct. 1 Oct. 10 Oct. 20 means
Monthly 1.22 0.45 0.79
(every 28 days) 1.28 «45 «62 0.80
«92 «55 .88
Biweekly 1.29 .66 .76
(every 14 days) 1.17 <60 .63 .83
1.08 .69 «62
Weekly <94 «60 .94
(every 7 days) .86 .61 «81 .78
.87 .63 .75
Overall
Column means 1.07 .58 <76 mean =
0.80
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