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SUSPENDED SEDIMENT DISCHARGES IN STREAMS(l)

Charles E. Abraham(z)

INTRODUCTION

This paper demonstrates a technique for relating daily suspended
sediment discharges to streamflow using a procedure that weights each
observation in proportion to the water discharge. The methods employed
can be used to generate suspended sediment loads stochastically. Factors
such as rate of change in flow, time since peak flow and an index of sediment~
producing conditions in the basin are used to estimate suspended sediment
discharge.

Aside from needs to improve the prediction of sedimerit loads for
planning studies, the analysis of short-period loads, such as daily or
weekly amounts, can be important to predict the performance of water resource
projects adequately. For example, the water-surface elevation of a reservoir

when large inflows occur can influence the pattern of sediment deposition in

the reservoir.

(1) For presentation at the AGU Golden Anniversary Meeting in Washington,

(2) Hydraulic Engineer, The Hydrologic Engineering Center, U.S. Army

Corps of Engineers, Davis, California.



REGRESSION TECHNIQUE

Logarithmic relations are used in this investigation for correlating
observed daily suspended sediment discharges with streamflow. The distri-~
bution of observed data does not‘always follow the same linear relationship
for both high and low flows. Therefore, large errors frequently occur in
estimating annual or monthly sediment (bulk) loads from a single linear
logarithmic relation of sediment and water discharge.

For purposes of estimating bulk sediment loads, the prediction of
sediment discharge at high flows is of primary importance. Conversely,
errors in estimating sediment discharges from a logarithmic relation at
low flows are insignificant compared to similar errors for high flows.

If the logarithms of each event have equal weight, the low-flow events
unduly influence the resulting relation. Since the estimate of total
bulk sediment is the usual objective, a technique is used whereby each
observation is weighted in proportion to its flow. This is done by
entering each event into the regression analysis a number of times in
proportion to the water discharge of that event.

REGRESSION EQUATION

Excessive erosion from extremely high flood flows frequently causes
unusually high sediment concentrations for several months or even years
after a flood, and these unusually high sediment discharges for relatively
short durations can transport more than twenty times the average amnual

sediment load. Also, suspended sediment concentrations are usually higher



during periods of increasing flow than during corresponding periods for
decreasing flow. Based on these considerations, the following equation

was found to be of most value in predicting suspended sediment discharge:

Q = a Qb T¢ Fd (1)
where:

QS = Suspended sediment discharge (tons/day)

Q = Mean daily water discharge (cfs)

T = Time in days since the preceding peak flow when flow

is decreasing. Ratio of the preceding period flow to
current flow when flow is increasing.

F = Index of basin condition due to antecedent floods;
1.0 for normal conditions and greater than 1.0 for
excessive sediment loads caused by an antecedent
flood that exceeded Qe {see equations (2) and (3))
a,b,c,d = Regression constant and coefficients
The occurrence of excessive sediment concentrations reflected in the wvariable
F is a function of the magnitude of the water discharge. When the water

discharge exceeds a threshold discharge determined from observations, the

variable F is computed as follows:
F=5,/Q (2)

and

S; = (Qq + S5 IR (3)

[S5]



where:

F = Index of basin condition (see definition for equation 1)
Si = Current-period flow

Si=1 = Preceding-period flow

Q. = Threshold discharge in cfs above which the basin runoff

will produce higher than normal sediment loads for some
duration in the future.

Qi = Current-period water discharge in cfs
R = Basin recovery coefficient less than one (usually .90
to .99)
BASIC DATA

Records of continuous daily suspended sediment and water discharges used
in these investigations were obtained from the U.S. Geological Survey on
punched computer cards. Gaging station locations and lengths of record used

are given in table 1.

TABLE 1

GAGING STATIONS

Suspended Sediment

Drainage Area Discharge Record
Gaging Station (sg. mi.) (Water Years, Inclusive)

Eel River at Scotia, Calif. 3,113 1958-~1965
Cottonwood Cr. at Cottonwood,

Calif, 922 1963-1965
Thomes Cr. nr. Paskenta, Calif. 190 1963-1965
Nacimiento River nr. Bryson,

Calif, 140 1961~1965



These streams all drain from the Pacific coast mountain ranges, and the

Eel River, Cottonwood Creek and Thomes Creek are located in the northern
portion of California and the Nacimiento River is located in the southern
portion. Runoff-producing rainfall normally occurs on all of these basins
only during the October through June period. The Eel River, Cottonwood

Creek and Thomes Creek basins receive considerably more rainfall than the
Nacimiento River basin. The suspended sediment discharge records include

an extremely large flood that occurred on the three northern California
basins in December 1964. This flood caused major landslides and widespread
flood damage, and the maximum daily suspended sediment loads in these streams

following this flood were more than 10 times those normally experienced for

similar water discharges before the flood.

CORRELATION STUDIES

Using the relation from equation 1, the regression constant and coef-
ficients were calculaﬁed from the given records. Separate analyses were
performed for the first half of each record and for the full record. For
the records that include three and five years, instead of actually splitting
the records the half-record analyses were performed for only the first one
and two years, respectively., The standard error of estimates (Sg) and
determination coefficients (Rz), relating the logarithms of flows, were

computed for each of three different relations:



¢8) QS versus Q, (2) QS versus Q and T, and (3) QS versus Q, T and F,

The resulting statistics for these analyses are shown in table 2.

TABLE 2

COMMON LOGARITHM STATISTICS

Qs V§'Q2 Qg Vs Q, T Qs‘Vg'Q,l,f
s R? S R2 s R2
Stream Name e e e

Eel River: Full Record 029 <95 .28 95 .21 «97
Half Record 23 +95 « 20 .96 .19 .97

Cottonwood Cr,: Full Record .32 293 31 .93 o 27 .95
Half Record +30 .89 «25 .93 24 .93

Thomes Cr.: Full Record .58 .88 «57 .89 «39 .95
Half Record .28 .93 .23 .95 .23 .96

Nacimiento River: Full Record .46 291 .38 .94 «35 .95
Half Record « 36 .93 +26 .96 25 .97

The full records of suspended sediment discharge on the three Northern
California streams include the large December 1964 flood which is a dominant
factor in these analyses. The five-year record for the Nacimiento River does
not include any particularly large floods.

As a test of the relationships derived, the regression coefficients for
equation 1 were calculated from data for the first halves of the suspended
sediment discharge records. Using these values, equation 1 was then applied
to daily water discharges to reconstitute the observed daily suspended

sediment discharges for the full record at each gaging station. The computed



and observed values in tons for the Eel River are shown in exhibit A.
Each year of computed data is shown on separate pages with the months
across the top of the page and day of the month in the first column.
Immediately following the day number is a C or O, which indicate computed
and observed values, respectively. Monthly and annual summaries showing
computed and observed values are also given following the daily data.
Although computer output data similar to that in exhibit A were
obtained for the three remaining gaging stations, the results are too
voluminous to include in this presentation, The annual summaries of
computed and observed suspended sediment loads, with the corresponding

errors for estimated values, are shown in table 3 for all gaging statioms,



TABLE 3

OBSERVED AND COMPUTED
ANNUAL SUSPENDED SEDIMENT LOADS

SUSPENDED LOAD IN 1000 TONS ERROR

STREAM WATER YEAR OBSERVED COMPUTED (%)
Eel River 1958% 29,420 30,320 + 3
1959% 9,940 7,980 -20

1960% 15,120 19,810 +31

1961% 8,280 7,760 - 6

1962 4,760 4,880 + 2

1963 21,190 22,890 + 8

1964 5,650 4,900 -13

1965 167,820 110,750 -34

Cottonwood Creek 1963% 488 460 - 6
1964 48 27 -44

1965 1,450 2,072 +43

Thomes Creek 1963% 906 954 + 5
1964 25 40 +60

1965 10,814 8,691 «20

Nacimiento River 1961%* 9 9 0
1962% 143 145 + 1

1963 22 16 ~27

1964 15 3 -80

1965 5 2 -60

* Record used to compute regression coefficients

In order to compare results obtained herein with results obtainable with
commonly-used techniques, annual suspended sediment loads for two streams were
computed by the Flow-~Duration, Sediment-Rating Curve Method.l Flow duration
curves were drawn from water discharge data for each year of suspended sedi-

ment discharge record, and the sediment rating curves were drawn from daily

1
Analysis of Flow-Duration, Sediment-Rating Curve Method of Computing

Sediment Yield, Sedimentation Section, Hydrology Branch, Bureau of

Reclamation, April 1951.
8



suspended sediment discharge data. Data from the half-record periods
were used to draw the sediment rating curves. The annual suspended

sediment loads were then computed for the full-record periods. These

values, shown in table 4 with the observed loads and corresponding errors,

indicate considerably larger errors in general than those in table 3.

TABLE 4

ANNUAL SUSPENDED SEDIMENT LOADS COMPUTED
BY THE FLOW-DURATION, SEDIMENT RATING CURVE METHOD
FOR THE EEL RIVER AND THOMES CREEK

SUSPENDED LOAD IN 1000 TONS ERROR

STREAM WATER YEAR OBSERVED COMPUTED ()

Eel River 1958 29,420 41,000 +39
1959 9,940 10,450 + 5

1960 15,120 20,300 +34

1961 8,280 7,430 -10

1962 4,760 7,400 +55

1963 21,190 17,300 -18

1964 5,650 7,120 +26

1965 167,820 91,500 ~45

Thomes Creek 1963 906 864 -5
1964 25 23 - 8

1965 10,814 3,500 -68

CONCLUSIONS

Results of this investigation are generally promising. The statistics

in table 2 indicate that the addition of variables T and F of equation 1,

each significantly helped to explain some of the remaining error variance

in the suspended sediment discharge after correlation with flow alone.



Also, the actual estimates of annual suspended sediment loads are
generally improved over those computed by the Flow-Duration, Sediment
Rating Curve Method.

In order to apply the proposed procedure, a simultaneous record of
daily sediment and water discharges is required for a duration that includes
a wide range of expected quantities, However, if the regression coefficients
follow some regional trend or correlate with basin features, a means for more
general application is possible. The testing of this procedure in other

regions is required before any general application is made.
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