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SEDIMENT TRANSPORT MECHANISM ON
STEP-POOL BED FORM

By Kazuo AsHIDA, Shinji EGASHIRA and Naosh? NISHIMOTO

Synopsis

Step-pool bed forms are usual in mountain streams and play an important role in sediment
transport phenomena. The present study discusses the transporting process of sediment particles
on a step-pool system. In additions, theoretical, experimental discussions are made on the de-
sruption condition of bed with step-pool system as well as on sediment transports in formative,
deformative processes of such a bed form.

A mathematical model which calculates the sediment transport rate in time and space is
developed, using an idea such as coverage rate or storage rate by sediment particles to be trans-
ported on the armoured bed of step-pool system. The results simulated by the model agree well
with those from flume experiments,

The stable step-pool bed form begins to deform ‘and the destruction occurs as soon as a
largest particle composing the step sets in motion. A method to predict the critical discharge
above which the destruction occurs is proposed. The critical discharges calculated by the method
are compared well with data from flume experiments,
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Fig. 2 Sand particle sizes used in flume

experiments.
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Table 1 Conditions of flume experiments.

Run Q . . used D, D,
No. ({/sec) % Ze sand (cm) {cm)
1-1 6.90 0.100 | 0.086 ' A 131 262
1-2 4.90- 9.40 | 0.08 | 0.086 A L2
2-1 10. 80 0.100 | 0.052 A 1.31 2.52
2-2 8.80-13.78 | 0.052 | 0.052 . A Co2.43
3-1 8.88 0.100 | 0.055 | A 131 | 265
3-2 6.90-12.24 | 0.055 | 0.046 A L2241
4-1 14.78 0.060 | 0.030 A 181 | 257
4-2 12.78-19.68 | 0.030 | 0.030 A ; 2.49
5-1 12.80 0.060 | 0.036 A 131 | 245
5-2 10.80-19.66 | 0.036 | 0.036 A 25
6-1 10.78 0. 060 0. 045 ‘ A 1.31 [ 2.62
6-2 8.86-13.56 | 0.045 | 0.039 | A 2.65
7-1 11.82 0.033 - ' a 131 | 2.63
7-2 8. 88 0.033 -, A 2.63
7-3 5.90 0.033 — 1 A 2.63
7-4 11.82 0.013 — 1 A 2.63
7-5 8.86 0.013 - 1 A 2. 63
7-6 5. 92 0.013 - A 2.63
7-7 11.82 0. 003 — ] A 2.63
7-8 8.86 0.003 - | A f 2.63
7-9 5.92 0. 003 - 1 A 2.63
81 5.90 0.0 | — ‘ A B | 2.63
8-2 5.92 0.033 - | A/B | 263
8-3 5.90 0.033 - ' B, C ] 0.178
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Fig. 5 Sediment discharge transported on the
armoured flat bed. The grain size of
the armour coat in this case is smaller
than that of Run 8-2 shown in fig. 4.

Fig. 4 Sediment discharges transported on
the armoured flat bed (Run8-2) and
on the armoured bed with step-pool
(Run 8-1).
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Fig. 6 Water surface profiles and bed profiles in armoured bed with and without
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Fig. 7 Sediment transport process on
armoured flat bed.
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Fig. 9 Comparison between sediment discharges at downstream end. Black and open
circles are data from experiments, and on the other hand curves are simulated
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from the present theory.

ARun 8-3

20— 8

E L A A—h—a—

o T 4, A a L
O i

e

~ I
5 1.0 X=0m

a 4
o

3 A
O L L I 1 | 1 I 1 I J{J_
0 5 1020 25

t (min.)

Fig. 10 Comparison between sediment discharges at downstream end. In this case the
particle size of armoured flat bed is smaller than that of Run 8-2 shown in Fig. 9.
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Fig. 11 Bed and water surface profiles appeared in the final stages of armouring processes,
The profiles of Run 3-1 shows the final stage in the formative process of step-pool
bed form, and on the other hand those of Run 3-2 indicates the final stage in the
recreating process after the destruction of armour coat in Run 3-1.
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Fig. 12 (a), (b) Changes of sediment discharge, meam and maximum diameters in
transported materials.
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Fig. 13 Changes of sediment particle size in the Fig. 14 Changes of sediment particle size in the
formative process of step-pool bed form. recreating process of step-pool bed form.
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Fig. 16 Shear stress distribution on an artificial step-pool bed surface.
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