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A Area of flow section 

B Width of channel 

Ch{g Chezy coefficient of discharge in 
dimensionless form which is equivalent 
to V/V'I~ 

d 

D 

Fr 

g 

h 

L 

Q 

s 

t 

T 

V 

Drag coefficient for the particle 
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STUDIES OF ROUGHNESS IN ALLUVIAL CHANNELS 

THE EFFECT OF LARGE CONCENTRATIONS OF FINE SEDIMENT ON 

THE MECHANICS OF FLOW IN A SMALL FLUME 

by 

W. L. Haushild, 

D. B. Simons, 

and 

E. V. Richardson 

ABSTRACT 

A flume study was made using a natural river sand as the bed material, 

median . diameter = 0. 54 millimeters. Clear-water flow was compared with 

flow containing from 6,000 t o 65,000 parts per million of fine sediment (bento

nite). 

The study shows that the form of bed roughness could be changed by 

adding sufficient fine sediment (bentonite) to the clear-water flow. The total 

bed material transport was decreased by 50 percent with increasing fine sedi

ment concentration with the dune bed form and was increased by as much as 

550 percent for the transition, standing wave, and antidune forms of bed 

roughness. Resistance to flow was less ( C/~- increased by 45 percent) with 

fine sediment-laden flow than with clear-water flow for the dune, and transition 

bed forms; and was greater ( C/-yg reduced by 25 percent) for the standing 

waves and the antidunes. A narrow range cf bentonite concentration for each 

form of bed roughness was established as a limit below which only minor 

changes in bed form, bed material t r ansport, and resistance to flow occurred. 
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The variation of the liquid proper ties, specific weight and viscosity, 

for water-berttonite dispersions were studied and their effect on the proper

ties of the bed material particles measured. The fall velocity of the particles 

in a dispersion of 100. 000 parts per million fine sediment in water was 

reduced to about one-half their fall velocity in clear water. 
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!NTRODUCTlON 

Many controversial statements regarding the influence and effect of 

very fine sediment on the mechanics of flow in alluvial channels prevail. 

This fine material is most commonly ref erred to as wash load and it has 

been defined by Einstein (1950) as "that part of the sediment load which 

consists of grain sizes finer than those in the bed". Even the name 

wash load is controversial and for the most part is referred to as fine 

material load in this report. Einstein ( 19 50) pointed out that the wash load 

does not appear to be a function of the flow. that the rate of transport of this 

fine sediment is usually related to supply and that the streams' capacity to 

transport this fine material is always vastly in excess of the available 

supply. He. does not indicate that its presence is apt to influence the mecha

nics of flow in any way. Similarly. Brown in Engineering Hydraulics (Rouse. 

1950) states that the fine sediment load plays a negligible role in the predic

tion of normal stream behavior. 

In contrast, Langbein ( 1942) reported changes in bed form and increased 

antidune -activity as the concentration of fine sediment was increased. Blench 

(1957) has also implied that fine sediment load exerts a measurable effect on 

flow in alluvial channels. He stated that the velocity distribution and resis

tance to flow are effected by the concentration and the characteristics of sus

pended sediment load. 

In support of those indicating a fine sediment effect. Bingham ( 1922) 

showed that fluidity. the reciprocal of viscosity. of aqueous suspensions of 

clay in water varied markedly with the volume percentage of clay. 



• 

As a part of the United States Geological Survey's study of fluvial 

mechanics at Colorado State University!./ 1an investigation of the effect of 

fine sediment was made by Simons, Richardson and Haushild 
21 

in a large 

flume to specifically evaluate the significance of fine sediment load as a 

variable. This investigation conclusively verified that where fine sediment 

is transported in appreciable quantities, it is a significant variable. This 

study also emphasized the need for further research to determine the effect 

/ of larger concentrations of fine sediment. To accomplish this a second 

study was conducted in a small flume, where large fine sediment concen

trations could be economically obtained. The investigation covers the effect 

of fine sediment concentrations exceeding 6,000 parts per million on: 

ll 

1. The resistance to flow 

2. The forms of bed roughness 

3. The total bed material transport 

4. The properties of the liquid and the properties of the 

bed material. 

Simons, D. B., Richardson, E. V., and Albertson, M. L., 1960, 
A study of flow in alluvial channels. Flume studies using medium sand 
{ 0. 45 millimeters) United States Geological Survey Report. 

lf Simons, D. B. , Richardson, E. V. , and Haushild, W. L. A study of flow 
in alluvial channels. The effect of fine sediment on the mechanics of flow. 
United States Geological Survey Report. 
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EQUIPMENT AND PROCEDURE 

The velocity of flow with a rough movable boundary changes both in 

magnitude and direction with time and distance and uniform steady flow exists 

only in a statistical sense. Therefore, th e runs were first established in 

equilibrium and the data were then collected over a period of time necessary 

to obtain accurate averages . A run was assumed in equilibrium when: 

1. The bed configuration was established for the full 

length of the flume, excluding entrance and exit 

sections. 

2 . The average water-surface slope remained essentially 

constant with respect to time • 

Twenty clear-water runs were completed which covered the forms of 

bed roughness from plane bed prior to movement of sediment to antidunes . 

The range in the basic variables was: slope 0.00016 to 0.0144 foot/foot, 

discharge 1. 1 to 7 . 9 cubic teet per second. and depth O. 59 to O. 91 feet. Nine

teen runs with bentonite concentrations ranging from 6,000 to 64. 000 parts 

per million by weight were made. These runs included the range in the 

forms of bed roughness from dunes to violent antidunes. Slope varied from 

0 . 00198 to 0.0193 foot/foot, discharge from 3. 7 to 7.9 cubic feet per second, 

and the depth range was 0.65 to 0.89 feet. 

The Flume 

The flume was 60-feet long, 2-feet wide, and 2-1 / 2 feet deep. 

A schematic drawing of the flume is shown in Figure 1 . The side walls 

were 1 / 2 inch clear plastic and the floor was 1 / 4 inch stainless steel plate. 

The flume was adjustable to any slope fr om horizontal to approximately 

0 . 1 foot/ foot, and the water-sediment dispersion was recirculated. 
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