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Channel Patterns and Grain Size Distribution of River Bed Sediments in
River Segments Divided according to Alongstream Changes in Channel Slope of
the Chikusa River in Hyogo Prefecture, Western Japan

Shigehiro Karon

Abstract

The middle and lower course of the Chikusa River in Hyogo Prefecture, western Japan, was
divided into three segments on the basis of the characteristics of its longitudinal profile and
alongstream changes in channel slope. Further, quantitative analyses of sinuosity, excess
segment index, and channel width, and grain size analysis of river bed sediments were
performed in the same reaches.

The results indicate that each segment is characterized by a different channel pattern and
downstream change in grain size distribution, corresponding to the alongstream changes in
channel slope. This can be explained rationally as follows;the longitudinal profile representing
the alongstream change in channel slope determines the alongstream change in tractive force.
Further, grain size distribution and movement modes of river bed materials are determined by
the tractive force, resulting in a change in channel patterns through deposition and/or erosion.
Thus, it can be concluded that the alongstream changes in channel pattern are controlled by

the characteristics of the longitudinal profile through the medium of the grain size distribution.
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Fig.1 Location of the Chikusa River in Hyogo Prefecture,
western Japan.
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Fig.2 Topography in and around the Chikusa River basin.
Cg:Chugoku Mountains, Ki:Kibi Highland, Ak:Ako,
Ai:Aioi, Ka:Kamigori, Mi:Mikazuki, Sa:Sayo, Mk:Mikawa,
Ch:Chikusa, Kw:Kawachi, Ya:Yamasaki, Fu:Furumachi,
Mm:Mt.Mimuro. Straight lines:Yamasaki Fault System,
Black squares(a~d):gauging stations, a:Kizu(5.23km from
the river mouth), b:Kamigori(22.08km), c:Kuzaki(35.05km),
d:Kami-Mikawa(53.16km), Black circles(1~8):sampling
localities of the river bed sediments, contour interval:100m.
Contour is smoothed by eliminating valleys less than 1km
in width. Active faults are drawn from the Research
Group for Active Faults of Japan(1991).
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Fig.3 Geomorphic features of the Chikusa River.
i)Longitudinal profile of the river bed and geology along
the river. 1:Permian~Paleogene granitic rocks, 2:Permian
~Cretaceous quartz dioritic rocks, 3:Pre-Cretaceous
sedimentary and metamorphic rocks, 4:Cretaceous~Paleogene
volcanic rocks, a~d:localities of gauging stations, Black
triangles: major nickpoints; ii)Alongstream change in
channel slope; iii) Alongstream change in maximum hour
water level(Hmax); iv) Alongstream change in total area
of drainage basins of inflow tributaries for each 2km
interval.
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Fig.4 Longitudinal profile(i) and alongstream change in
channel slope(ii) for the studied reach.

Numbers indicate sampling sites of the river bed sediments;
Black triangles show major and other nickpoints.
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Table 1 Results of regression analysis for three segments and the whole studied reach.

X:distance from the river mouth(km), Y:height(m), R:coefficient of correlation,

Exp:exponential function, Power:power function, Linear:linear function ;

Bold number indicates the best fitting function to the river profile.

Segment X (km) Y (m) Regression equation R
Exp © Y = 7.486e° °°°** . 9985
I 23.16 - 34.60 30 - 58 Power : Y = 0.131X" 7?2° . 9992
Linear: Y = 2.598X-31.130 . 9985
Exp Y = 1.980e° """ X . 9972
I 8.35 - 23.16 4 - 30 Power : Y = 0.073X' °°? . 9974
Linear: Y = 1.810X-13. 854 . 9883
Exp Y = 0.328e° 274X . 9998
m 0.00 - 8.35 0- 4 Power : Y = 0.106X' 777 . 9927
Linear: Y = 0.794X- 2.027 . 9742
Exp Y = 1.667e% ''°°%% . 9630
I - I 0.00 - 34.60 0 - 58 Power : Y = 0.098X' ®°¢ . 9990
Linear: Y = 1.908X-12. 899 . 9813
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Table 2 Calculated values of S¢ indicating the
change in channel slope at each measured point.
L:distance from the river mouth(km), Sc:value of
the difference of the downward channel slope
from the upward one divided by the mean slope
of the two at each measured point.

L (km) Sc L (km) Sc

3.42 0.48 | 20.22 0. 54
50 0.46 | 20.83 0.19
6. 80 0.47 |21.60 |-0.27
7. 60 0.06 | 22.61 0.59
8

o

.35 | -0.72 |23.16 | -0.55
9.95 0.74 |25.10 | -0.09
11.43 | -0.66 | 26.16 0.49
12.90 0.71 |26.80 0.19
13. 60 0.24 |[27.33 |-0.37
15.80 | -0.36 |31.20 |-0.23
17.38 0.32 |32.18 0. 61
18. 52 0.58 |32.70 |-0.30
19.15 | -0.52 | 34.10 | -0.04
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1
1 E=(3+4+3)/3=333
E*=E-1=233

Fig.6 Example of the measurements of sinuosity(S;),
mean segment number(E) and excess segment index (E*),
and river width(W).
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Fig.5 Channel patterns along the studied reach in 1986(a~d).
1:river bank, 2:artificially reformed natural levee, 3:bar, 4:bar with an indistinctive edge, 5:areas covered
with trees and/or shrubs, 6:distance from the river mouth(km), 7:sampling sites of the river bed sediments.
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Fig.7 Alongstream changes in sinuosity(i), excess segment index(ii), and river width(iii).
S; :sinuosity, E*:excess segment index, W:river width.
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Fig.8 Grain size distributions of the river bed sediments along the studied reach.

Localities of the sampling sites are shown in Fig.2, Fig.4-i, and Fig.5.
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Fig.9 Alongstream changes in median diameter, mean diameter and standard deviation of the river bed
sediments(i), and those in mean diameters and propotions of the separated lognormal populations(ii).

Md ¢ : median diameter in phi—units, M ¢ :mean diameter in phi-units,

o ¢ ‘standard deviation in phi units,

A:A-population, B:B-population, C:C-population, D:D-population, E:E-population.
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Table 3 Component populations of the river bed sediments.
Se:Segment, L:distance from the river mouth to each sampling site, Md ¢ median diameter in phi—units, M¢ :
mean diameter in phi—units, ¢ ¢ :standard deviation in phi-units, Wt%:weight percentage of each population.

A-population B-population C-population D-populatin E-population
Se | Loc. | L(km) Md ¢ Mo o¢
Mo o¢d Wt Mo o W% Mo o¢ W% L1 o¢ Wt Mo a¢ W%
1 0.9 |-1.39 |-1.68 |2.31 -4.34 0.55 3554 |-2.51 0.49 12.99 0.26 0.77 49.37 2.67 0.47 2.10
i
2 5.9 |-2.84 |-2.27 |2.07 -4.14 0.67 43.25 |-2.02 0.68 32.98 0.79 0.73 23.23 3.40 0.47 0.27
3 11.4 | -4.26 |-3.67 2.50 | -6.12 0.59 38.36 |-4.13 0.47 23.05 |-2.19 0.64 19.79 0.13 0.65 17.47 2.91 0.81 1.33
4 15.5 | -4.74 | -3.90 |2.28|-5.84 0.57 44.56 |-3.95 0.64 27.53 |[-1.73 0.63 16.04 0.45 0.66 11.53 3.65 0.49 0.34
I
5 18.2 |-5.11 |-4.34 |2.22(-6.12 0.48 49.76 |-4.11 0.55 23.72 |-1.95 0.69 19.16 0.39 0.72 6.63 3.46 0.59 0.73
6 22.5 |-5.57 |-4.68 |2.29|-6.21 0.71 60.55 |-3.76 0.68 21.92 |-0.87 0.80 15.53 1.56 0.54 1.67 3.52 0.49 0.33
7 29.3 |-5.82 |-4.90 |2.48|-6.49 0.87 6526 |-3.81 0.40 10.63 |-1.51 0.83 19.32 0.64 0.49 4.64 3.33 0.57 0.15
I
8 33.8 |-5.88 |-4.90 |2.56|-6.60 0.79 65.26 |-3.75 0.65 16.41 |-1.16 0.76 16.45 1.06 0.68 4.07 3.69 0.41 0.25
Average of M@ of each population -6.23 -4.00 -1.74 0.66 3.33
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Table 4 Comparsion of the characteristics of longitudinal profiles and downstream changes in channel slope, channel patterns, and grain size

distributions of the river bed sediments among the three segments of the studied reach.

Geomorphic features

Segments based on the longitudinal profile and downstream change in channel slope

Segment 1
(34.60~23. 16km)

Segment I
(23. 16~ 8. 35km)

Segment I
(8. 35~0. 00km)

1.Longitudinal profile and channel slope
Characteristics of the profile shape
Function type fitting to the profile
Channel slope

linear
power function
steep (1. 97~ 3. 45%0)

concave, many nickpoints
power function
moderate (0. 98~ 2. 94%o)

smooth and concave
exponential function
gentle (0. 39~ 1. 29%o)

Excess segment index(E*)
Width of the river channel and
its downstream change

single channel (E*<1.0)
100~ 150m
almost constant

braided river (E*=1.0)
100~ 450m
varied

Downstream change in channel slope almost constant or decrease significant decrease
slight increase
2. Characteristics of the channel pattern
Sinuosity (Si) sinuous (Si =0.10) straight (Si <0.10) straight” (S: <0.10)

single-channel (E*<1.0)
200~ 300m
almost constant®

3.Grain size distributions of the river-bed
sediments
Characteristics of the weight frequency
distributions of the grain size

Downstream changes in
1. median and mean diameter,
2. standard deviation(sorting index)

Component ratios of lognormal populations
1. component ratio of the A-population
and its downstream change
2. component ratios of other |ognormal
populations(B, C, and D) and their
downstream changes

max. mode:=-7¢, almost
constant in its ratio

almost constant
decrease

predominant (Z65%)
almost constant
B:decrease
C:increase
D:almost constant

downstream decrease in max
mode from -7¢ to -6~-5¢

decrease
first decrease, later increase

dominant (60~ 38%)
decrease

B:varied

C:varied
D:increase

max. mode changes from
-3~-4¢ to about 1¢

significant decrease
first decrease, later increase

none

B:decrease

C:decrease
D:increase

1) Constant width and a straight channel in the

segment I have been probably caused by the river bank protections
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