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Numerical simulation of braided channels with aspect ratio larger than 1000
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Rivers all over the world face to a rapid climate change because of the global warming phenomena. Climate change wil
change the precipitation characteristics, sediment production characteristics and vegetation growth characteristics. As a rest
water discharge, sediment transport rate and sediment size of bed material in downstream area will be changed. These spatiote
poral changes of water discharge, sediment transport rate and sediment size will change the geometric characteristics of chann
and bed configuration. Braided channels produce diversified physical environment and it is considered that the diversity of th
physical environment must affect on the quality of ecosystem in the river. Hence, the temporal changes of the bed configuratio
and geometric characteristics of bars affects on the quality of ecosystem. In this study, effects of increase and decrease in wa
and sediment supplies on geometry of braided streams with large aspect ratio (larger than 1000) are discussed by use of rest
of horizontal two dimensional bed deformation analysis.

The straight rectangular open channel with the constant channel slope is used as the calculation domain. The bed slope
0.0032. The channel width is 1000m. These values are decided by channel characteristics of the Tagliamento River at the u
stream area of Pinzano. The braided width is used for the channel width here. Hence, the channel width includes the potenti
channel area; the vegetated area along the river is included in the calculation area. The bed materials are treated as both n
uniform sediment and uniform sediment with a particle mean diameter of 2 cm. The distribution is decided by the results of field
survey performed in Sep. 2009. Growth and wash away process of vegetation is considered in the model. 1200m3/s, 1800m3
and 600m3/s are selected as the water discharges in the analysis. All hydraulic conditions are located in the formative conditior
of braided stream (Takebayashi H. and Egashira S. (2000)). Water discharge in Case 1 is 1200 m3/s and the aspect ratio is 12
Vegetation growth is considered and the bed material is treated as uniform sediment. Water discharge in Case 2 is 1.5 times
that in Case 1. Sediment transport rate at upstream boundary is calculated by use of the equilibrium sediment transport formul
As a result, the sediment discharge at upstream boundary in Case 2 is 2.7 times as that in Case 1. Water discharge and sedin
discharge at upstream end in Case 3 are 0.5 times and 0.02 times as those in Case 1, respectively. Water and sediment discha
in Case 4 are the same as that in Case 2. However, vegetation growth is neglected in Case 4. Water discharge in Case 5 is
same as that in Case 1. However, bed material is treated as non-uniform sediment in Case 5.

The results are summarized as follows:

(1) The numerical model can reproduce the periodical multiple row bars which has 7 rows in the first stage of the bed defor-
mation. The periodical bars are transformed to irregular braided channels.

(2) When water and sediment supplies are increased, the number of channels is decreased. In addition, when water and se
ment supplies are increased, two or three large channels which have the nearly same scale are formed. These results show
the size distribution of habitats is changed very well due to the change of water and sediment supply conditions.

(3) When water discharge becomes half, sediment transport rate decreased to 2%, because sediment transport rate decre
rapidly near critical shear stress.

(4) When vegetation growth is neglected, the maximum scale of islands becomes smaller.

(5) When bed material has wide size distribution, the scale of the islands and the submerged bars becomes large. Furthermo
width-depth ratio of each channel becomes large, because armoring phenomena of bed material is developed in channels and |
degradation is suppressed.

Keywords: Braided channel, Numerical analysis, Aspect ratio, Vegetation, Tagliamento River, Multiple row bar
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It is commonly observed that channel networks are formed on slopes subject to erosion due to flowing water. Characteristi
morphology of channel networks has been attracting many researchers’ interest since long time ago. In the case of mild slop
for flow to be subcritical in the Froude sense, the flow is affected by morphology at the downstream end. Indentations formec
at the downstream end of the slope attracts more water than other parts, and the resultant concentration of erosion takes place
the indentations. The interaction between flowing water and morphological changes causes the formation of channel network
Taking into account of this physical process, the author has performed linear stability analysis to explain the formation of channel
on mild slopes. According to their results, channels with spacing equivalent to the critical flow depth divided by the friction
coefficient grow faster than those with other spacing. Estimating the friction coefficient to be on the order of 0.01, he concluded
that the channel spacing is on the order of one thousand times the critical flow depth. On the other hand, however, his analys
shed no further light on the formation of channels on slopes in the Froude sense. In this study, a series of experiments have be
performed to study the formation of channels on steep slopes. According to the experimental results, channels are formed frol
the downstream end in the case of relatively mild slopes such as 10 degrees, and the channel spacing is relatively large. When
slope angle is 20 degrees, relatively narrow-spaced parallel channels are formed on slopes. When the slope angle is larger tt
30 degrees, rhomboid patterns of channels are formed on slopes.
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Dune morphology changed by multiple flow conditions using a numerical simulation
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Slumping of a granular mass on an unconfined slope
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Dense granular flows generated by slumping of granular mass are often encountered in industrial processes where the trar
port and deposition of granular material such as seeds, cereals, and tablets are involved. They are also observed in geophysi
systems, such as pyroclastic flows caused by collapse of a lava dome or volcanic explosions, snow avalanches, and landslides

Constructing a numerical model to capture the major characteristics of spreading granular materials in the above situations |
a significant challenge because the mechanics of the grains and their interactions are incompletely understood at a fundamen
level. This study investigated the dynamics of dense granular materials, released from rest and allowed to flow down an uncor
fined slope, driven by gravitational forces. First laboratory experiments were performed to study granular slumping, in which a
measured volume of materials were instantaneously released from a cylindrical tube and spread across an unconfined rigid pla
inclined at angles less than the repose angle. On release from the source the particles initially spread radially. However up-sloj
motion is rapidly arrested and motion down the incline is promoted, leading to an approximately ellipsoidally-shaped deposit
once the flow has been fully arrested. Secondly, the flows were modeled under the shallow layer approximation and integrate
numerically to capture the motion from initiation to final arrest. In modelling, two types of Coulomb-type friction models were
introduced. One has a constant friction coefficient, and another has a friction coefficient that depends upon the dimensionless i
ertial number of the motion. When the initial aspect ratio of a granular mass and the slope anglei$lded), the model with
a constant friction coefficient can capture the deposit shape; but when the slope angle is increased, the inertial-number depend
friction model becomes more important. For high aspect ratio granular columns, the shallow water model fails to reproduce som
aspects of the experimental observations. Finally an example of model application to geophysical systems is introduced.
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Pore-Scale Simulations of the Diffusion in the Fluid-Saturated Porous Sediments using

X-ray Microtomographic Images

00 oo™ o0ooo0th,oooot
NAKASHIMA, Yoshito!*, Motoharu Jinguuji, Mikio Sayama

lopooooooo
LAIST

00000000000000000000000000000000000000000000C000O000000
0000000000000000000000000000000000000000000000000000 (Ref.
1)00000000000000000000000000000000000000000000000000000
0000000000000000 64-bit0000000000000000(QO00000000000000000
000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000 A(No. 232410120 000000000

Ref. 1: Nakashima et al. (2011) http://dx.doi.org/10.1007/s11270-010-0473-2
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Cyclic steps formed by a hydrophobic fluid with water dispersed flowing on ice - an

analogy with NPLD -
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A variety of characteristic landforms on Mars have been discovered since Mariner 9 spacecraft returned images of Martiar
surface in 1972 for the first time. Recently, in particular, spiral troughs on Martian north polar ice cap have been focused due
to a possibility that characteristic landforms such as spiral troughs can reveal historical variation of climate on Mars. Though
they are suspected to have some relation with katabatic wind blowing on the ice cap, it has been unclear how they are forme
in detail. It has been observed that spiral troughs are formed perpendicularly to the direction of katabatic wind, so that the)
should be boundary waves formed between Mars atmosphere and ice rather than troughs excavated by flow. In addition, becat
internal structures of boundary waves clarified by radar show traces of upstream migration, these steps may possibly be cycl
steps formed by density airflow.

In this study, we have performed a series of analogue model experiments of the formation of cyclic steps on Martian polat
ice cap. Experiments were conducted with the use of a low temperature chamber in the Institute of Low Temperature Scienc
(ILTS), Hokkaido University. In order to simulate density airflow including water vapor blowing on Martian polar ice cap, we
have used a hydrophobic fluid with water dispersed. We did not include temperature difference among ice, flowing fluid and
ambient air, which is important for the formation of cyclic steps on Mars. It is found that cyclic steps were formed on ice even
without the influence of temperature. It is suspected that the concentration of water in the hydrophobic fluid changes in space, ar
non-uniform freezing and melting take place on ice. This causes instability of a flat ice bed. By formulating freezing and melting
rates of ice as functions of flow velocity and water concentration respectively, we found that the formation of cyclic steps on ice
can be described by the equations similar to that for transportational cyclic steps formed on river beds composed of suspendat
fine sand.

gooob:0bobooogooboobo,00,bbb,00,00000
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An experimental study on cyclic steps formed in bedrock rivers
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A train of steps are often observed to be formed in bedrock rivers. They are thought to be cyclic steps formed due to erosiol
of bedrock. The erosion of bedrock is assumed to be dominantly driven by abrasion due to bedload sediment transport.

Here we demonstrated a series of flume experiments as an analogue of the formation of cyclic steps on bedrock. The expe
iments were conducted using the facility of Osaka Institute of Technology. We used a 1.5 m long, 2 cm wide, and 25 cm deey
flume made by glass. The flume has 10 cm high weirs at the downstream end and 1.2 m upstream from the downstream end,
that there is an 10 cm deep reservoir. We put sand (0.2 mm in diameter) with cement (150:2) in the reservoir and hardened it s
that the flume has an 10 cm 'model bedrock’ on its bottom. The flume is tilted by 20 degrees. The water and sand (1.0 mm ir
diameter) is supplied from a head tank to the upstream end of the flume, flows on ’'model bedrock’ in the flume, and was droppe
from the downstream end into a downstream reservoir, then pumped up to the head tank.

As a result, cyclic steps were formed on the 'model bedrock.” The shapes of the steps were resembled with the shape thi
predicted by theoretical analysis (Izumi and Yokokawa, 2011).
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