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1. INTRODUCTION

The morphological behavior in braided rivers with
erodible banks is governed by a lot of factors. Espe-
cially vegetation makes an important role in the channel
evolution(Fig. 1), and better understanding of its influ-
ence is of great importance in the aspect of hydraulic and
environmental engineering. However, it has been much
restricted since the behavior of vegetated rivers is com-
plex.

Numerous theoretical and experimental investigations
have been done to explain the mechanical processes of
braided rivers . And the formation processes of braided
river from initially straight channels with erodible bed
and banks have been investigated by Ashmore(1982,
1991) experimentally. He pointed out that the devel-
opment of bars brought about channel migration and di-
vison.

Andrews (1984), Hey and Thorne(1986), and Huang
and Nanson(1997) have explained from the field obser-
vations that highly concentrated vegetation increases the
channel depth and flow resistance and decreases channel
width.

A theoretical model was suggested by Ikeda and Izumi
(1990) to elucidate the relation between the vegetation
density and the hydraulic factors, for example, the chan-
nel depth, the width, and discharge in the self-formed
straight gravel rivers, in which the vegetation was as-
sumed to be stiff without considering the bending effect.
Gran and Paola(2001) reproduced a wandering channel
from a braided river by controlling vegetation density to
explain that riparian vegetation affect braided channel
form and flow characteristics by itself. Shimizu(2002)
proposed a numerical model to simulate braided rivers
with erodib le banks, and showed the possibility of simu-
lating braided rivers without vegetation considering bank
erosion.

In this study, channel evolution of braided river with
erodible bed and banks covered with and without vege-
tation experimenally and numerically is investigated co-
sisdering its hydraulic characteristcis, that is, flow resis-
tance, and water depth.

2. EXPERIMENTAL PROCEDURES

Laboratory experiments were carried out in a flume
with 12 m in length and 2 m in width, and sidewalls of
the flume were wooden plates. The flume was filled with
well sorted-sand with 1.25 mm of mean diameter. An
initial channel was set to trapezoidal shape with 80 cm
at the bottom, 3 cm at the height, and 40 degree at the
bank slope. Water discharge was controlled to 3.5 I/s un-
der the initial conditions. The non-dimensional channel
(width/depth ratio) was 85.3. Experimental conditions
are summarized at Table 1.
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Fig. 1 Braided river with erodible banks covered with
vegetation(Satsunai river, Hokkaido).

Table 1 Experimental Conditions

Bed slope Veg. Density

Ron (%) (stems/cm?®)
1 1.5 0.0
2 1.5 0.7
3 1.5 1.1

Sediments were given by hand regularly at the up-
stream end of the channel to maintain the channel shape
without local disturbance during the experiments. The
bed was graded to the intended slope by using a wide
scraper and the initial channel was cut by a wooden pro-
totype attached to the lower end of the scraper at the
same time. Before starting the experiment, a little water
flowed over the bed to saturate the bed surface. Water
depth was checked at some places using a point gage after
15 minutes of water flow.

Plastic mesh screen was set to maintain nearly steady
state inflow into the channel at the front of the channel
inlet, and water depth was regulated by sluice gate to
minimize the outlet effect at the downstream end of the
channel. Bed configuration was measured using a laser
bed profiler without water flow.

The longitudinal bed profile was measured from 1 m at
the upstream to 8 m at every 20 cm in the experimental
reach since the upstream 1 m was not considered to avoid
the effects of inlet and disturbance of water profile due
to the sediment supply. The transverse bed profile was
surveyed between 0.05 m and 1.95 m at every 1 cm due
to the moving limitation of the profiler.

After the braided channel was fully reproduced, which
was 64 minutes, we sprayed alfalfa seed on the channel
bed and banks by hand uniformly without the flow. Af-
ter that, discharge of 0.4 I/s was allowed in the channel
for 2 minutes to prevent alfalfa from growing up at the
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Fig. 2 Reproduced braided river in laboratory from
initially straight channel (a) without vegetation for Run-
1 and (b) with vegetation for Run-3. Flow is from up to
down.
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Fig. 3 Averaged water depth at 6m from the upstream
for each run

lower channel, and it similar to natural rivers, as shown
in Fig. 1, during lower flow period. The seed was scat-
tered on bars and banks, some were transported on the
lower channel bed by the flow and later placed along the
banks, border line between bar and water elevation, or
washed out the flume. It is similar to the observations
of Gran and Paola(2001) in the laboratory flume. The
discharge of 0.15 [/s had been allowed to the channel to
maintain the saturated bed, leading to keep the chan-
nel shapes, and to supply water to alfalfa by two times
per day about 1.5 hours. We continued the runs for ad-
ditional run time after alfalfa sprout had grown for two
weeks to sustain the flow, and the alfalfa was composed of
a stem of about 3.5 cm high and 1mm in diameter with 3
leaves. Roots length was about 3 cm. Alfalfa density was
estimated using the weight of the seed before spreading it
considering the sprout rate (80%), which was the speci-
fied minimum rate of a seed company, and loss rate (1%),
which was the assumed rate. One example is presented
in Fig. 2.

3. EXPERIMENTAL RESULTS

Vegetation affects the characterists of the flow, that is,
flow depth , velocity, and directions , in fluvial steams,
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Fig. 4 Cross sectional changes at 6m from the upstream
; (a) without vegetation for Run-1 and (b) with vegeta-
tion for Run-3.

resulting in the channel evolution. Fig. 3displays the wa-
ter depth with vegetation density. As vegetation density
increased in the bed and banks, the depth was increased.
Numerous studies have elucidated the relation between
vegetation density and water depth by field survey, exper-
iment, and theory (Andrws 1984; Gran and Paola 2001;
Tsujimoto 1999).

Fig. 4 illustrates the more quantative comparison of
cross sectional changes at 6m from upstream for Runs-
1 and 3. As time progressed, lateral erosion of bank in
the channel without riparian vegetation increased larger
than with the vegetation from Figs. 4 and 5. And the bed
eroded deeply and the width narrowed owing to the rein-
foreced bank by vegetation root.The bed of main channel,
which was a lower channel without vegetation in the re-
produced braided river, was scoured as time progressed
although secondary channels, which were higher channels
covered with vegetations in the braided river, were not
changed. As vegetation density increased, bank erosion
rate was lower because vegetation root reinforced bank
materials and the vegetation density increased flow resis-
tance.

Because of the roughness of vegetation near the bank
side as a bank protector, the flow did not impinge directly
on banks, which were reinforced by vegetation root. Flow
direction was controlled by vegetation, and the bed was
deepened due to the secondary flow.

As time progressed, the weakly meandered bank
eroded because of the concentrated secondary flow, and
the main channel in the braided river became high me-
andering channel. At the place the bed was deeper and
the flow direction was changed due to the higher bed and
log-jam effect. As time increased the down stream of the
bed eroded in turn due to the flow through the vege-
tation and log-jam, and a new channel occurred. At the
opposite side scour hole at the confluence channel was de-
veloped and the curvature of the channel became larger.
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Fig. 5 Comparison of averaged channel width for each
run.

This mechanism is different from it without vegetation,
illustrated by Fujita and Muramoto(1982) and Ashmore
(1982, 1991).

4. NUMERICAL SIMULATION

A numerical model was applied to investigate the effect
of vegetation in braided river with and without vegeta-
tion.

The governing equations, continuity and momentum
equaitons, for water flow are transformed the Cartesian
coordinate system to a moving boundary fitted coordi-
nate system due to the deformation of side banks. The
equations in the moving boundary fitted coordinate sys-
tem are explained in Shimizu(2002).

The continuity equation of two-dimensional bedload
transport in the moving boundary fitted coordiante
systm is represented as follows:

0 [z 1 9 (¢ 8 (q"

at (J)+ 1-X [a_g (7) *on (7)] =0
where 2, is bed elevation, A is porosity of bed material,
and ¢* and ¢” are the contravariant components of the
bedload transport rate per unit width in the £- and 7-
directions. The sediment transport rate in the stream
line, ¢*, is calculated by using Ashida and Michiue’s for-
mula(1972) modified by Hasegawa(2000) to explain the
effect of bank slope considering the gravitaional effect on
the side bank proposed by Kovac and Parker(1994).
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where 8, is channel reference slope in downstream direc-
tion, p, is density of bed material, d is grain size of bed
material, 7. is non-dimensional bed shear stress, and 7.,
is critical non-dimensional bed shear stress obtained by
using Iwagaki’s equation. ¢™ is given by the following
formula proposed by Hasegawa (2000).
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where 7, is the radius of curvature of a streamline, N,
is the coeflicient of strength of secondary flow. In the
analysis, a constant of N.= 7.0 given by Engelund (1974)
is used.

The CIP method was used as a numerical scheme. On
calculation of bank erosion, numerical algorithm follow-
ing Shimizu’s(1996) was employed.

Although the bed roughtness and drag froce of vegetation
must be cosidered to simulate vegetation effects seper-
ately(Tsujimoto 1999, and among others), as a prelim-
inary study, we assumed that the Manning’s roughness
coefficient was 0.012 without vegetation for Run-1 and
0.017 with vegetation for Run-3 simply considering water
depth, instead of ingnoring the drag force of vegetation,
and also we are trying to improve this weak point in this
model. The angle of repose was set to 24.4 degree for
Run-1 and 47.7 degree for Run-3.

5. NUMERICAL RESULTS

We display in Fig. 6 numerically and experimentally
that a braided river is shown up from initially straight
channel and is remarkly developed while the channel
width is enlarged since the side banks eroded. And also
the mechanism of braided river under large aspect ratio
explained by Ashmore(1991) were illustrated for Run-1.
Flow was concentrated into lower channels, and some of
them eroded deeply. Bars appeared to the downstream
of the lower channels and complicated braided bars were
developed due to flow division around bars, leading to
bank erosion. Fig. 7 shows that the width narrowed and
the bed eroded deeper because of the steeper angle of
repose due to the stabilized banks by vegetation.

Figs. 8 and 9 display the more quantitative comparison
of cross sectional changes at 6m from the upstream for
Runs-1 and 3. The comparison of cross sectional changes
between calculation and experiment for Run-1 and Run-
3, respectively, showed a little difference, because of the
poorly treated results of boundary between the dried and
wetted parts of the bar in the channel. The calculation
results are overall in good agreement with the experi-
mental results, although the longitudial wavelength and
thalweg of the channel in the calculation are a little dif-
ference from those in the experiment.

6. CONCLUSIONS

In this study, flow characteristics and channel evolu-
tion to explain vegetation effects in braided river were
investigated experimentally and numerically. The flow
depth, velocity, and directions were influenced by vege-
tation. As the vegetation density increased in the bed
and banks, the depth was increased because of the flow
resistance.

In the morphological evolution, a braided river without

vegetation from initially straight channel was remarkably
developed. For the braided river with vegetation, a pri-
mary channel was developed to a high meandering chan-
nel and bifucated to two channels due to vegetation on
the bed and banks. This mechanism is differnt from it
without vegetation.
The calcualtion results show relatively good agreements
with the experimental results, although the model has
some limitations. For the future, more elaborate model
will be developed to simulate channel evolution consid-
ering riparian vegetation on the bed and banks.
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Fig. 6 Comparison of channel evolution between calcu-
lation and experiment, and calculated velocity patterns
for Run-1.
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Fig. 7 Comparison of channel evolution between calcu-
lation and expeeriment, and calculated velocity patterns
for Run-3.
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