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SYNOPSIS

Observations of the bed topography were performed in the Ishikari River
during a flood in August 1981, Bed configuration of the river channel altered
depending upon the hydraulic properties of the flow. Sand waves on the river bed
decayed and hence the hydraulic roughness decreased at greater flow rates. Analy-
ses of the geometrical properties of the sand waves formed on the river bed were
performed. It was revealed that the relationships for the shape of the sand
waves which had been previously reported could well be extrapolated beyond the
range of the previous data. Investigations of the meso-scale bed configurations
were carried out to find out that a theoretical analysis of a diagram of regime
criteria was well confirmed by the present field data. Measurements of suspended
sediment transport rate were performed during the flood. The field data agreed
well with a theory of suspended sediment on sand waves by the authors with some
modifications on the hiding factor for the non-uniform mixture of size of the bed
material.

INTRODUCTION

In alluvial streams it is well known that the channel geometrical character-
istics and hence also the hydraulic roughness depend on the depth, velocity and
sediment transport rate of the flow, but these flow properties are in turn
strongly dependent on the channel configuration and its hydraulic roughness. This
phenomenon has been demonstrated often in laboratory flumes but a few field data
have been reported. In August 1981, the Ishikari River had the greatest flood
since the gauging stations had been operated. The flow rate was 12,500 m3/sec at
its maximum and was more than the design flood discharge at that time. Observa-
tions of the bed configuration were performed during the flood using an echo
sounder as a part of the flood observations. In this paper, some results of the
observations and the geometrical characteristics of sand waves are described.

GENERAL DESCRIPTION
The observations of the bed configuration were carried out during August 7
to 11, 1981 in a reach of the Ishikari River from the river mouth to 15 km up-
stream. In this section, some examples of the observations performed between the



Fig. 1 Plan view of the Ishikari River

stations 1.5 km and 4 km from the river mouth
are described.

The plan view of the reach and the lon-
gitudinal and cross sectional observation
lines are shown in Fig. 1. Fig. 2 shows the
hydrograph of the 198l-flood in which the
notations a~e indicate the time when the ob-
servations of the bed configuration were per-
formed. Flow data are summarized in Table 1
in which Q= flow rate; h= depth of flow; I=
slope of energy gradient; U= areal average
velocity; Us= shear velocity(=v(ghI)); 7= di-
mensionless shear stress(=hl/sd); s= specific
weight of bed material in water; ks= size
of equivalent sand roughness; n= Manning's
roughness coefficient; 4, L= average wave
height and average wave length of sand waves
respectively as calculated by a spectral
analysis. For more details of the observa-
tions, Takagi et al. (5) could be referenced.
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The profiles of the channel bed along the logitudinal line denoted 2-2 in
Fig. 1 are shown in Fig. 3 in which notations a~e are to be referred to the same
notations in Fig. 2 and Table 1.
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Fig. 3 Profiles of bed surface

In Fig. 3, longitudinal profiles before and after the flood in May and
October 1981 were also depicted at the bottom and at the top respectively.
Before the flood, the bed was flat with small ripples. It altered to dune during
the flood at the flow rate of 4,000~6,000 m3/sec and the migration velocity of
the sand waves was 2 mm/sec, It turned back again to flat bed after the flood
had receded.

Relationship between 7+ and the grain shear stress T+ ' is shown in Fig. 4
and it is found that the bed configuration is in a category of dume II or transi-
tion.

Fig. 5 shows the relationship between Manning's roughness coefficient and
the flow rate. The dimensionless shear stress was more than 10 at the maximum
flow rate and the sand waves were supposed to be washed away to form a flat bed
and consequently the roughness coefficient decreased with increasing flow rate at
this reach.
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GEOMETRICAL PROPERTIES OF SAND WAVES

The bed material of this reach is composed of very fine sand particles with
a mean diameter of dm = 0.26 mm as shown later in Fig. 15. Consequently the
dimensionless shear stress is very great and the value of the critical shear
stress 1s very small. An analysis of the geometrical properties of sand waves
was made applying some relationships which had been deduced from flume .experi-
ments and field observations. Present field data of the Ishikari River are
plotted with double circle in the following 4 figures.

Fig. 6 shows the average length of sand waves. A straight line in Fig. 6
was proposed by Yalin (7) as:

L = 5h (n

Although the present field data fall within the scatter of the previous ones, it
is recongnized that the present sand waves have longer wave lengths.

Heights of sand waves are plotted in Fig. 7 in a non-dimensional form with
respect to the depth of flow. Curves in Fig. 7 were proposed by Yalin(7) as:

4.1 - Txc
we 4 -n) (2)
The multiplier in brackets on the right side of Eq. 2 implies the dimensionless
excess of tractive force. As for the proportional constant in Eq. 2, Tsubaki(6)

suggested that 0.3 fitted better than 1/6. The present field data are just
between them at very great values of dimensionless tractive force beyond that of
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the previous data.

A relationship between the equivalent
roughness and the wave length of sand waves
are shown in Fig. 8 with a curve proposed by
Tsubaki(6). Fig. 9 shows the steepness of
sand waves and a curve proposed by Yalin and
Karahan(8). It is recognized in these fig-
ures that both of the proposed relationships
can be extrapolated beyond the range of the
previous data taking into account the consid-
erable scatter.
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Fig. 10 Regime criteria of meso-
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3-DIMENSIONAL PROPERTIES OF SAND WAVE

A theoretical investigation of meso-scale bed configuration was performed by
Kuroki and Kishi(4) to obtain a diagram of regime criteria as shown in Fig. 10.
Double circles in Fig. 10 show the present field data and are classified to be
bars of the meso-scale bed configuration.

Figs. ll-a to ll-d show the plan view of the bed topography and were drawn
using the longitudinal bed profiles obtained on 3 observation lines denoted 2-1,
2-2 and 2-3 in Fig. 1. Each figure denoted ll-a~ ll-d coinsides with the data
described with the same notations in Fig. 2, Table 1, etc. Figs. ll-a~ll-d show
the bed topography of the left half of the main channel. Numbers in the figures
indicate the distance from the water surface in m. It is observed in the figures
that the bed configurations of ll-a and 11-b are typical bars, on the other hand
1l1-c and 11-d are more remarkably 2-dimensional.

OBSERVATIONS USNING A SIDE SCANNING SONAR

A set of detailed longitudinal and cross sectional depth soundings is
necessary to observe the 3-dimensional property of the bed configuration and very
often it is difficult to carry out a simultaneous measurement during a flood. A
side scanning sonar is a type of equipment which is useful in measuring the areal
topography under a deeper water. An attempt was made to apply this equipment to
the observation of the bed configuration in river channel. The measurement was
conducted on August 11, 1981 at the reach 7 km up-stream from the stations
described in the preseding section. It was almost at the end of the flood and
the flow rate was 1,500 m®/sec and average depth of flow was 8 m. The river
channel is alomost straight as illustrated in Fig. 12.

Fig. 12 Plan view of the Ishikari River

An example of the recorder chart is
shown in Fig. 13. Lighter parts in the
picture are at higher elevations and the e
crest lines are illustrated in Fig, 14, A
A sand wave can be observed which has a
wave length of 60~100 m. At both sides "
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Fig. 13 Recorder chart of side
scanning sonar




of the center line of the chart, there are
records of the measurements just below the
instrument which correspond to the longitudi-
nal profiles. In this case, it is difficult
to get precise qualitative information about
the height of the bed configuration, although
a better device has been developed recently.
Recognizable wave crests of the sand wave are
drawn in Fig. 12. It is recognized in Fig.
12 that the inclination of wave crests ref-
erred to the center line of the river channel
alternates periodically for each 1.5 km dis~
tance. The flood flow itself was supposed to
meander even in the straight channel during
the flood.

OBSERVATIONS OF SUSPENDED SEDIMENTS

The bed material at the reach studied is
composed of fine sand particles. Fig. 15
shows the distribution of size of the bed
material. The dimensionless shear stress is
great as shown in Fig. 4. According to a
criteria diagram for types of transportation
of the bed material load given by Shinohara
and Tsubaki(6), the present condition is
classified 1into the category of sediment
transport where the suspended sediment pre-
dominates.

Fig. 16 shows the observed trasport
rates of suspended sediment load. The curve
shown in Fig. 16 was calculated from the
theory of suspended sediment on sand waves
proposed by Itakura and Kishi(2). 1In the
proposed equation, the pick-up rate of sus-
pended sediment from the bed was modified to
take into account the hiding factor which
occurs in beds composed of non-uniform sized
material. The parameter Bs» in the equation
was modified as follows.

Bs =¢ *Bao (3

Bso= 0.143 (4)

= lo %S 2 (5)
log( 2155+ 2)

in which dm= mean diameter of the bed mate-
rial. Eq. 5 is based on Asada's(l) analysis
of the grain shear stress for each fraction
of a mixture of bed particles and subscript i
signifies the value corresponding to the
percentage 1 of the grain size distribution
in the non-uniform mixture of sediment.
There is good agreement between the observa-
tions and the theory as shown in Fig. 16.

17

\\\I\\ { ﬂs
' WRYEVANDE 3
A WY A N | Y A\ |
P 1 ~ 1 Y
NV VN N Vi R 1
LN NSO s
Y YO

o 2o 30 Rao sp e
]
Fig. 14 Location of wave crests

8

DG  ssed
8§ 8 8

3

) sl L
o1 1.0

d (oz)
Fig. 15 Distribution of size
of bed material

10°

T Ty

ce gl L
107! 10° . 10!
*

il 3 441

Fig. 16 Transport rate of
suspended sediment



18

CONCLUDING REMARKS

Detailed observations of the bed topography were performed in the Ishikari
River during a flood. The results of the observations are summarized as follows:

The bed configuration was supposed to be altered during the flood depening
upon the hydraulic properties of flow as; flat—dune—transition—flat (at the
maximum flow rate)—transition — dune—flat.

The roughness coefficient of the river bed decreased with increasing flow
rate at this particular reach.

Geometrical properties of the present sand waves revealed that the relation-
ships for the shape of the sand waves which had been reported could well be
extrapolated beyond the range of the previous data.

A theoretical analysis of the regime criteria of the meso-scale bed configu-
rations was confirmed by the present filed data.

The field data of suspended sediment transport rate agreed well with theory,
providing the equation of pick-up rate of sediment from the bed was modified to
account for the hiding factor.

Studies of the bed configuration and its deformation in alluvial channels
are necessary and very important on managing river channels. But less field data
has been reported compared to the flume experiments. It is usally too expensive
and dangerous to carry out the field observations during the flood and very often
it is difficult to obtain useful data. The Hokkaido Development Bureau will
continue to perform observations of the bed topography of river channels during
floods. An analysis of the bed configuration made by Kikkawa(3) was referred in
the section of 2~dimensional bed configuration and is greatly acknowledged.
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APPENDIX - NOTATIONS

The following symbols are used in this paper:

B
Be

Beo

[-P =%
B

[+ ]

-
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Subscript

[N (T (| Y Y O O AV B

i

width of river channel;
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parameter in equation of pick-up rate of suspended sediment from bed

of uniform particle size (Ref.2);
0.143, parameter in Eq. 4;

particle size of sediment;

mean diameter of sediment;

depth of flow;

slope of energy gradient;

height of equivalent sand roughness;
wave length of sand wave;

Manning's roughness coefficient;
flow rate;

specific weight of sediment in water;
areal average velocity of flow;
y(ghI), shear velocity;

wave height of sand wave;

hiding factor for mixture of size of sediment particles in Eq. 5;

hIl/sd, dimensionless shear stress;
critical dimensionless shear stress; and
grain shear stress.

signifies the value corresponding to percentage i of a non-uniform
mixture of sediment represented by a special diameter of material.



