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Numerical Analysis on Countermeasures of Bank Erosion in the Sesayap River
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Synopsis

Countermeasures of the bank erosion problem considering the horizontal two
dimensional flow patterns and bed deformation are discussed in this paper. Numerical
analysis is performed using the horizontal two-dimensional bed deformation model
which the equations are written in general coordinate system. The presence of the
mid-channel bar in the river is one of the factors causes the riverbank erosion in the
rivers. The results from the numerical model indicate that dredging of the mid-channel
bar with the appropriate level reduces the bed degradation near the bank toe, especially
at the lee area. Revetment can protect the bank directly. However, the installation of
revetment makes the bank line smoother. As a result, the flow velocity to the opposite
bank becomes faster and the possibility that local scouring is accelerated along the

opposite bank increases.
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1. Introduction

In alluvial rivers, the mass failures due to
geotechnical instability of the bank are one of the
most common phenomena. The bed deformations
near the bank toe are the substantial parameters in
practical concern for channel and bank stabilization
(Thorne, 1991). Many training works were applied
at rivers to prevent bank erosion such as groin,
revetment, spur dike and so on. Most of them are
structure, which are installed on the bank body to
protect mass failure or erosion on the bank surface
and to improve bank stability. The structures will be
successful in protecting the riverbank locally.
However, usually the structures will change the
cross-sectional geometry, which leads to change the
flow pattern and others hydraulics parameters. In an
extreme case, the structure will produce another
bank erosion problem in another place, especially in
case that the flow is a dominant factor in riverbank

erosion problem. Study on the bank erosion
problem considering the horizontal two dimensional
flow patterns and bed deformations are important
for achieving a successful countermeasure.

Numerical simulation is one of the methods to
predict the future condition. It is useful for planning
or designing in hydraulic problem. In this study, the
numerical simulation was developed to analyze the
future condition of the flow pattern and the bed
deformation of the river regarding to the
countermeasure method on the bank erosion
problem. This analysis will be applied in a river in
Indonesia. In Sesayap River East Kalimantan
Indonesia, the presence of a huge mid-channel bar
accelerates the erosion by flows. The flow that
deflected around the bars is a primary cause of the
bank erosion problem. To control the flow by
dredging of the bars may give the significant result
in a countermeasure of the riverbank erosion.

In case of riverbank erosion with the mass
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failure process occurred in Sesayap River, the bed
deformation near the bank is one of the input
parameters to predict the bank stability. The
increase in relative height of riverbank that caused
by bed scour has a strong influence on the stability
of riverbank. So, the bed degradation near the
riverbank is one of the important data on bank
stability analysis. Therefore, an analysis of bed
deformation near the bank with accurate calculation
is needed.

2. Outline of the Sesayap River

The Sesayap River is located in East
Kalimantan Indonesia. This river passes through at
Malinau city, capital of Malinau district, which
established as a new district in 1999 belongs to East
Kalimantan province. Total drainage area for
Sesayap River system is 18.158 km? which small
part belonged to Malaysia's territorial. The river has
279 km long. The river reach in study area is about
80 km from estuarial and still have influenced by
sea tide level. The tide's characteristic is semi
diurnal with a mean range of 2 m and the maximum
amplitude of 3 m. Fig. 1 and Fig. 2 show the
location of study area and characteristics of water
level during one month.

Based on alluvial river's classification (Schumm,
1985), Sesayap River is representing a
meander-braided transition channel. Sediment loads
are large, and sand, gravel, and cobbles are a
significant fraction of the bed load. These
formations indicate the river flow have high-energy
(Brierley and Fryirs, 2005). Fig. 3 shows the grain
size of the bed load transport. The mid-channel bar
is formed on riverbed dominantly (see in Fig. 1).

The growth of mid-channel bars may become an
important factor in the bank erosion problem in this
river. As bar head modifies flow direction in the
river and changes flow pattern and velocity as
shown in Photo 1.
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Fig. 1 Study area on Sesayap River reach in
Malinau city
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Fig. 2 Water surface elevation at downstream
Sesayap River
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Fig. 3 Grain size of Sesayap River at Malinau

Photo 1 The head of mid-channel bars split the river
flow
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Photo 2 Mass failure on Sesayap riverbank

Photo 2 shows the mass failure and damages on
the street. The location is near the mid channel bar
(see Fig. 1). Cohesion content of the bank affects
strongly on the block failure phenomena of bank
(Dulal and Shimizu, 2010) and the bank erosion
rate increases rapidly in case which the upper and
the lower bank materials are composed of cohesive
material and non-cohesive material, respectively
(Takebayashi et al., 2010). Fig. 4 and Photo 3 show
the typical bank stratification in study reach area.
The stratification is cohesive layer lies on the
non-cohesive layer. This field survey results show
that the mid channel bar and bank stratification are
the main factors on triggering bank erosion in this
river reach.
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Photo 3 Stratification of Sesayap riverbank

3. Numerical Analysis

Numerical simulations for the Sesayap River are
performed using the horizontal two-dimensional

flow model which the equations are written in
general coordinate system. To simulate the effect of
the mid-channel bar dredging, the average daily
discharges (Q = 434.63 m3/s) used for upstream
boundary. The downstream boundary is the water
surface as shown in Fig. 2 and the initial size
distribution of the river bed is non-uniform as
shown in Fig. 3. The calculation reach of the river
is about 4.3 km long. Computation of the water
flow is performed using the governing equation of
the horizontal two dimensional flow averaged with
depth. Relationship between Cartesian coordinate
system and General coordinate system is as follows.
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Where, &and m are the coordinates along the
longitudinal and the transverse directions in the
generalized coordinate system, respectively, x and y
are the coordinates in Cartesian coordinate system.
Computation of surface flow is carried out using
the governing equation of the horizontal
two-dimensional flow averaged with depth. The
conservation of mass, i.e., inflow and outflow of
mass by seepage flow, is taken into consideration as
shown in the following equation (Takebayashi,
2005).
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Where, t is the time, z is the water surface level.
Surface flow depth is represented as h, seepage
flow depth is hg. U and V represent the
contravariant depth averaged flow velocity on bed
along & and m coordinates, respectively. These
velocities are defined as
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where, u and v represent depth averaged flow
velocity on bed along x and y coordinates,
respectively. Uy and V, represent the contravariant
depth averaged seepage flow velocity along & and n
coordinates, respectively. These velocities are

defined as
o o
Ug =&Ug+avg (5)
0
Vv, _&nug +%vg (6)

where, depth averaged seepage flow velocities
along x and y coordinates in Cartesian coordinate
system are shown as ug, Vg, respectively. A is a
parameter related to the porosity in the soil,
wherein A =1 as zyz, and A=A as z < z,
where z, is the bed level and A is the porosity in the
soil. Seepage flow is assumed as horizontal
two-dimensional saturation flow. Momentum
equations of surface water are as follows.
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Where, g is the gravity, p is the water density. T,
and 1, represent the contravariant shear stress
along & and n coordinates, respectively. These
shear stresses are defined as

g o
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Tbn = &Tbx +Erby (10)

where, T, and T, are the shear stress along x and y
coordinates, respectively as follows.
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Where, u- is the friction velocity, n, is the

Manning’s roughness coefficient, R is the hydraulic
radius, ks is the roughness height. u, and v,
represent velocity near the bed surface along x and
y coordinates, respectively. Velocities near the bed
are evaluated using curvature radius of streamlines
as follows.

U, = Uy COSOL, — Vs SINOL (15)

V, = Uy Sinol, +V,, COS oL (16)

U, = 8.5U. a7
h

Vi, = —N. 7 e (18)

Where, o, =arctan(v/u) , N« is 7.0 (Engelund,

1974) and r is the curvature radius of stream lines
obtained by depth integrated velocity field as
follows (Shimizu and Itakura, 1991).
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Oxw Oy Txy and T, are turbulence stresses as
follows.
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Where, v is the coefficient of kinematics eddy
viscosity, xis the Karman constant, k; is the

depth-averaged  turbulence kinetic  energy

(Takebayashi, 2005).
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Where, k,, and k,, is the coefficient of permeability
along the longitudinal and the transverse directions,
respectively. When the water depth of surface flow
becomes less than the mean diameter of the bed
material, the surface flow is computed only in
consideration of the pressure term and bed shear
stress term in the momentum equation of surface
flow (Nagata, 1999).

4. Results and Discussions

Flow pattern and deformation of the bed near
the bank toe as important parameters on triggered

the initial bank erosion process (Simon et al., 2000).

The flow pattern and the deformation of bed near

the bank, especially during low stages are discussed.

This condition may produce high energy due to the
different water level between upstream and
downstream.

Simulation cases are Case la, Case 1d, Case 2a
and Case 2d. Case la is the original condition. The
bed geometry of the original condition is measured
in 2008. Case 1d is the simulation considering the
dredging of the mid channel bar. The bed material

higher than +21.00 m is removed in Case 1d. Case
2a is the simulation considering the structure of
preventing bank erosion. In this case, the revetment
is installed along the bank, where the bank was
collapsed. Case 2d is the simulation considering
combination methods in Case 1d and Case 2a. The
dredging location is shown in Fig. 5 at B area. The
location of revetment is shown in Fig. 5 (b)
indicated by two arrows at the start and end point.
Bed deformations near the bank toe are investigated
at cross section C3 as shown in Fig. 5.

(@) " (b)
Fig. 5 Topography of the study reach used for the
simulations

Fig. 6, 7, 8 and 9 show the horizontal
distributions of velocity vector under the lowest
water surface level condition at the downstream
area. The small size of the vector indicates the low
velocity and the big size indicates the high velocity.

In Case la (see Fig. 6), the flow divided into
two parts by the presence of the mid channel bar
and produce high and convergence velocity at lee
area (the downstream of the bar which is indicated
by the blue circle). This may become a strong
reason that bank erosion occurred there. However,
after the mid channel bar was dredged (see Fig. 7,
Case 1d), the flow velocity in this area decreases
significantly. This means that the dredging method
can control the flow velocity near the bank. In Fig.
8, the flow velocity around lee area still has high
magnitude. And also tend to increase the flow
velocity at the opposite side as indicated by the red
circle. In this area, the flow velocity will decrease
significantly after the dredging of the mid channel
bar (see Fig. 9). These results show that the
horizontal distribution of velocity on Case 2a and
Case 2d are similar. Its means that the revetment
seems unnecessary as a countermeasure of the bank
erosion problem in this river each.
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Fig. 6 Horizontal distribution of flow velocity in

Case la
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Fig. 7 Horizontal distribution of flow velocity in

Case 1d
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Fig. 8 Horizontal distribution of flow velocity in

Case 2a

Fig. 9 Horizontal distribution of flow velocity in

Case 2d
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Furthermore, the effect of the dredging and
installing revetment will be discussed considering

on the erosion rate at the bank toe. Fig. 10, 11, 12

and 13 is the cross section at C3 for Case la, Case
1d, Case 2a and Case 2d, respectively. In Case 1la,
the bed near the bank toe (at right bank) was eroded
more. By the dredging of the mid channel bar in
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Case 1d, the bed degradation is reduced
significantly. In Case 2a, the bed degradations still
occur more in spite of the installation of revetment.
Its means that after installing the revetment, the bed
degradations near the bank toe still occurs, and will
affect on the stability of the structure. However,
after dredging of the mid channel bar (Case 2d), the
bed degradation reduces significantly. This
condition is similar with Case 1a. By considering
the cost of the structure of revetment, it seems that
this structure is not unnecessary.

5. Conclusions

The horizontal two-dimensional bed
deformation analysis is applied to the Sesayap
River. Furthermore, the advantage of the dredging
is discussed. The dredging of the mid channel bar is
the appropriate choice for the countermeasure of the
bank erosion problem in Sesayap River reach at
Malinau, when the financial efficiency, bed
degradation along both banks and the horizontal
distribution of wvelocity in the lee area are
considered.
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