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Synopsis

The depth integrated two dimensional bed deformation analysis has been
performed to understand the seasonal change of the flow pattern, bed deformation
characteristics and horizontal distribution characteristics of bed material size.
Furthermore, the bed material is treated as both the cohesive and the non-cohesive
sediments and the effect of the horizontal distribution of cohesive material on bed
deformation characteristics is discussed. The result shows that the sediment deposited
at the south of the peninsula between the Tonle Sap River and the Mekong River during
the flood season. The peninsula between the Tonle Sap River and the Mekong River
has been extended to south year by year. The sediment deposition during the flood
season causes the extension of the peninsula. Furthermore, cohesive characteristics of
the sediment affects the bed deformation characteristics because of the suppression of
sediment transport rate and bed degradation. Especially, when rivers which have

different sediment size characteristics confluents,

difference of the cohesive

characteristics of the sediment must be considered.
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1. Introduction

Chaktomuk, which is the confluence and diversion
area among the Mekong River, the Tonle Sap River
and the Bassac River, is located in the north part of
the Mekong Delta as shown in Figure 1. The Mekong
River changes its flow from west to east at Phnom
Penh, where the two rivers, the Tonle Sap River and
the Bassac River, diverge. There is the Tonle Sap
Lake at the north boundary of the Tonle Sap River.
The Tonle Sap Lake is the largest freshwater storage
in the Southeast Asia, which covers an area of about
13000 km? [1]. The Tonle Sap flow system is well
known because of its unique hydrological regime and
its contribution to both the economy and the

ecosystem of Cambodia and South Vietnam. A unique
hydrological system of the river is the inverse flow
that takes place from June to September. In June, the
water in the Mekong River starts to flow to the Tonle
Sap River because of the flood in the Mekong River.
Thus, the river flow begins to enter the lake and the
Tonle Sap Lake behaves as an effective flood
detention basin. On the other hand, from October to
May, the flow direction in the Tonle Sap River is
from the Tonle Sap Lake to the Mekong River
because of the decreasing of the water surface
elevation in the Mekong River. In this stage, the lake
plays as a water supplier to the downstream area of
the Mekong River.
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Both bed and bank deformation at Chaktomuk has
been occurred with the complex flow. The
morphological deformation can change the flow
characteristics at Chaktomuk and must be assessed on
both the channel form and the flow characteristics for
the economy and the ecosystem of both Cambodia
and South Vietnam. K. W. Olsen and S. Tjerry [2]
performed the two dimensional bed deformation
analysis of Chaktomuk area and suggested the river
regulation works to suppress bank erosions. This
study must be a great job and give us much
information. However, in the analysis, bed material is
treated as uniform sediment. The mean diameter of

the bed material in Tonle Sap River is quite difference
from that in Mekong River: the bed material in Tonle
Sap River is fine that in the Mekong River is coarse.
H. Takebayashi et al. [3] treats the bed material as
the non-uniform sediment and clarify the effect of the
sediment size distribution on the bed deformation
characteristics and the horizontal distribution
characteristics of the sediment size. On the other hand,
the bed material in Tonle Sap River consists of
cohesive material. It is considered that the cohesive
characteristic of the bed material affects the horizontal
distribution of bed deformation very well.
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Figure 4 Size distribution of bed material in Chaktomuk

In this study, the depth integrated two dimensional
bed deformation analysis has been performed to
understand the seasonal change of the flow pattern,
bed deformation characteristics and horizontal
distribution characteristics of bed material size. In the
analysis, bed material is treated as both the cohesive
and the non-cohesive sediments and the effect of the
horizontal distribution of cohesive material on bed
deformation characteristics is discussed. The analysis
is performed under 3 hydraulic conditions; maximum,
minimum and zero water discharge in the Tonle Sap
River.

2. Field survey

Bed materials were sampled at two points in a
cross-section using a cable operated sediment sampler
during both flood and dry seasons (H. Takebayashi et
al., 2010). The sampler can take the sediment in 8cm
thickness from the bed surface. Sediment is also
sampled from both the left and the right banks. Figure
3 shows the sampling cross-sections of bed and bank
materials.

Figure 4 shows the size distribution of bed

material around the Chaktomuk. The size distribution
of the bed material during flood has a small spatial
change and their mean diameter is coarse. But the
mean diameter of the bed material during dry season
distributes in wide range; finer sediment is included in
the data. During dry season, flow direction in the
Tonle Sap River is from north to south (from the
Tonle Sap Lake to the Mekong River) and the water
discharge in the Tonle Sap River is large. The aerial
photo in Figure 1 is taken during dry seasons. The line
due to the large difference of sediment concentration
is observed in the confluence between the Tonle Sap
River and the Mekong River. This photo indicates that
the Tonle Sap River supplies fine sediment to both the
Mekong River and the Bassac River during dry
season. In other words, seasonal change of flow
direction in the Tonle Sap River contributes to the
seasonal change of the sediment size around
Chaktomuk.

3. Numerical analysis

3.1 Governing equations
Computation of the water flow is performed using
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Figure 5 Initial bed geometry and horizontal distribution of initial mean diameter of bed material

(Channel geometry: 1993)
the governing equation of the horizontal two
dimensional flow averaged with depth [4]. Equations
in the model are written in the general coordinate
system. Grain size distribution is evaluated using the
following mass conservation equation of each
sediment size class:
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In the formulae above, fy is the concentration of bed
load of size class k in the bed load layer, fy is the
sediment concentration of size class k in the mth bed
layer, ¢y is the depth-averaged concentration of bed
load. Ej; is the bed load layer thickness, Opex and Opnk
are the bed load of size class k in & and n directions,
respectively, gpa and gy are the bed load of size class
k in x and y directions, respectively as follows [5], [6],

[7].
Obac = Ok COS B, , Ooyk = O sinp, @)
q _17Lfe1_\/|(7u*_ck 1_Kuf_ck f
bk (ps_p)g c U, c U*Z bk
(4)

Therein, ps is the sediment density, u- is the effective
shear velocity, the non-dimensional critical friction
velocity of size class k is evaluated as follows [5].
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Iwagaki’s formula [8] which is formulated for
uniform bed material is used for evaluating Us«,. K
is the correction factor due to the influence of bed
inclination on sediment motion.

K. =1+i[(1+1}05atan 0, +sinatan Gy}
Mo [\S

(@)
where s is the specific gravity of the sediment in
water, o is the angle of deviation of near-bed flow
from the x direction. ps is the coefficient of static
friction. 6, and 6, are bed inclinations in x and y
directions, respectively. The deviation angle of bed
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Table 1 Hydraulic conditions

Channel geometry  QmekongU (m%/s) Qtonle (m?/s) Bed material
Case 1 1993 6000 8000 Cohesive
Case 2 1993 20000 0 Cohesive
Case 3 1993 36000 -8000 Cohesive
Case 4 1993 6000 8000 Non-cohesive
Case 5 1993 20000 0 Non-cohesive
Case 6 1993 36000 -8000 Non-cohesive

load of size class k to the x direction (By), which
depends on the flow near bed and inclination of the
bed, is calculated by the following relation.

2

*
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tanf, = " ®)
coso —I10, [u**;k}tan 0,

M=K, +1/u, 9)
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Ps =P
where, K4 is the ratio of lift force to drag force. The

settling velocity of suspended sediment (wg) is
estimated as follow [9].

2 36v° 36v?
Wy =, [=+——=—,[—= |/sad 12

The equilibrium suspended concentration of k
sediment size class at reference level (Cgper) IS
evaluated as follows [10].

1 W 1.61

U. fk

C..., =b5.55| — exp| ——— f
sbek (2 W, p[ m ]} bk

(unit: ppm)  (13)
When the vertical distribution of concentration of
suspended sediment is supposed as exponent
distribution, relationship between the depth-averaged
suspended concentration (cg) and the suspended
concentration of sediment size class k at reference
level (cqy) is as follows.

w, h
Csk :(:Si(l_e(7BSk))’ Bsk = L (14)

Bsk Dh
where, Dy, is the coefficient of dispersion in vertical
direction. v is used as Dy, here for simplicity. The
depth-averaged suspended concentration of size class

k is evaluated the following continuum equation of
suspended sediment.
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where, D, and D, are coefficient of dispersion in x and
y directions, respectively. (Dy = D, = v for simplicity
here). Evolution of bed elevation is estimated by
means of following formulae.
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In them, n represents the number of the size class of
sediment. The erosion velocity of cohesive sediment
(Ve) is estimated as follows [11].
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Table 2 Water discharge in each channel

QmekongU Qtonle QmekongD Qbassac Qbassac
(m®/s) (m*/s) (m*/s) (m*/s) /QmekongD
Case 1 6000 8000 11133 2867 0.258
Case 2 20000 0 17859 2141 0.120
Case 3 36000 -8000 22687 5313 0.234
V, = O%szv'csuf (1_ rb) (18) upstream boundary of the Tonle Sap River and is

where, o, is the coefficient related on kinds of
cohesive sediment, R, is the water content rate. Local
bed slope was reset to the angle of repose at
calculation points where the slope becomes steeper
than the angle of repose [12] and Egq is thicker than
E at the upper erosion area.

3.2 Hydraulic conditions

Table 1 show the hydraulic conditions used in the
analysis. Three kinds of flow pattern are used here. In
Cases 1 and 4, water discharge in the Tonle Sap River
is 8000m*s. This is the annual maximum water
discharge in the Tonle Sap River and can be observed
during the dry season. In Cases 2 and 5, water
discharge in the Tonle Sap River is 0m®/s. This water
discharge can be observed between the dry season and
the flood season. In Cases 3 and 6, water discharge in
the Tonle Sap River is -8000m*/s. This is the annual
minimum water discharge in the Tonle Sap River and
can be observed during flood season. Figure 5 (a)
show the initial bed geometry. Flat bed geometry with
the constant longitudinal slop is used as initial bed
geometry to clarify the bed deformation
characteristics. Figure 5 (b) shows the initial size
distribution of bed material. At the upstream
boundary of the Mekong River, the coarse bed
material which is measured in the Mekong River is
used as the initial sediment size. At the north
boundary of the Tonle Sap River, the fine bed
material which is measured in the Tonle Sap River is
used as the initial sediment size. In the Bassac River
and the downstream of the Mekong River, the average
size distribution of bed material between the
Mekong’s material and the Tonle Sap’s material is
used as the initial condition. In Cases 1, 2 and 3,
surface and subsurface bed materials are treated as the
non-cohesive and the cohesive materials in the Tonle
Sap River, respectively. The thickness of the surface
non-cohesive material layer is distributed linearly
from 0 to 0.3m along the river. The thickness of the
surface non-cohesive material layer is 0 at the

0.3m at the connection between the Tonle Sap River
and the confluence. In the other areas, there is no
cohesive material. Both the surface and the subsurface
bed materials are treated as non-cohesive material in
Cases 4, 5 and 6 to discuss the effect of the horizontal
distribution of cohesive material on bed deformation
characteristics by comparing the results in Cases 1, 2
and 3.

4. Results and discussion

4.1 Flow characteristics

Figure 6 show the horizontal distributions of the
depth averaged water velocity in Cases 1, 2 and 3.
Table 2 shows the water discharges of each river.
During the dry season (Figure 6 (a)), water discharge
in Tonle Sap River is larger than that in the upstream
area of the Mekong River. As shown in Table 2, water
discharge in the Bassac River is smaller than that in
the downstream area of the Mekong River. The
percentage rate of the water discharge in the Bassac
River to the Mekong River is 25.8%. Hence, the water
from the Tonle Sap River diverged to both the Bassac
River and the downstream area of the Mekong River
during dry season.

When water discharge in the Tonle Sap is zero
(Figure 6 (b)), the percentage rate of the water
discharge in the Bassac River to the Mekong River is
12.0% and is the minimum value among Cases 1, 2
and 3. Between the entrance of the Bassac River and
the Mekong main channel, the very small water
velocity area is appear because of the zero water
discharge in the Tonle Sap River. Hence, the water in
the upstream area of the Mekong River is hard to flow
into the Bassac River.

During the flood season (Figure 6 (c)), the water
from the upstream area of the Mekong River flows
into the Tonle Sap River. Furthermore, the water from
the upstream area of the Mekong River tends to flow
into the Bassac River, because the flow direction from
the upstream area of the Mekong River is changed
almost 180 degree at the entrance of the Bassac River.
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The percentage rate of the water discharge in the
Bassac River to the Mekong River is 23.4% and is
slightly smaller than that during the dry season.
42 Bed deformation and sediment size
characteristics

The bed near the confluence in the Tonle Sap River
is eroded well during the dry season (Figure 7 (a)).
Sediment deposited at the entrance of the Bassac
River. The photo in Figure 1 was taken during the dry
season. In the photo, the sediment concentration
boundary is appeared from the left bank of the Tonle
Sap River to the downstream reach of the Mekong
River. The photo indicates that the sediment and the
water in the Tonle Sap River are supplied to the
confluence and the Bassac River very well during the
dry season. The calculated results show the same
tendency. Bed materials at the bed degradation area
become coarse and those at the bed aggradation area
become fine as shown in Figure 8 (a).
When water discharge in the Tonle Sap River is zero
(Figure 7 (b)), the upstream and the downstream areas
of the Mekong River and the Bassac River is
degradated. Hence, as shown in Figure 8 (b), the
sediment size becomes coarse at the upstream and the
downstream areas of the Mekong River and the
Bassac River. Sediment deposits near the bifurcation
between the Mekong River and the Bassac River.
During the flood season (Figure 7 (c)), both the
upstream and the downstream areas of the Mekong
River and the Bassac River is degradated. Bed
degradation along the outer bank of the bend in the
Bassac River is especially large. Sediment deposited
at the entrance of the Bassac River and the south of
the peninsula between the Tonle Sap River and the
Mekong River. As shown in Figure 2, the peninsula
between the Tonle Sap River and the Mekong River
has been extended to south year by year. It is
considered that the sediment deposition during the
flood season cause the extension of the peninsula. As
shown in Figure 8 (c), the sediment size becomes
coarse at both the upstream and the downstream areas
of the Mekong River and the Bassac River. Bed
material in the Tonle Sap River also becomes coarse
because of the inverse flow from the Mekong River.
However, the armoring phenomenon is restricted near
the confluence. This result gets agrees with the results
of one dimensional bed deformation analysis [13].
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4.3 Effect of cohesive characteristics of the
sediment on bed deformation

Figure 10 shows the bed deformation
characteristics in Cases 4, 5 and 6. Both the surface
and the subsurface bed materials are treated as
non-cohesive material in Cases 4, 5 and 6. Comparing
to the results in Cases 1, 2 and 3, the difference of the
horizontal distribution of the bed deformation is quite
large during the dry season (Cases 1 and 4). During
the dry season (Figure 10 (a)), sediment deposited at
the entrance of the Bassac River and the downstream
area of the Mekong River widely, because the fine
material in the Tonle Sap River is transported there
very well.

When water discharge in the Tonle Sap River is
equal to zero (Figure 10 (b)), the difference of the bed
deformation characteristics between Case 2 and Case
5 is very small, because the water discharge in the
Tonle Sap is equal to zero and no sediment transport
in the Tonle Sap River.

During the flood season (Figure 10 (c)), the
difference of the bed deformation characteristics
between Case 3 and Case 6 is also small except for
the upstream area of the Tonle Sap River. When the
bed material is treated as non-cohesive material, the
bed is eroded well in the upstream area of the Tonle
Sap River.

As described above, cohesive characteristics of the
sediment affects the bed deformation characteristics
because of the suppression of sediment transport rate
and bed degradation. Especially, when rivers which
have different sediment size characteristics confluents,
difference of the cohesive characteristics of the
sediment must be considered.

5. Conclusions

The depth integrated two dimensional bed
deformation analysis has been performed to
understand the seasonal change of the flow pattern,
bed deformation characteristics and horizontal
distribution characteristics of bed material size. The
obtained results are as follows.

(1) The percentage rate of the water discharge in the
Bassac River to the Mekong River is about 25%
during both dry and flood seasons. However,
when water discharge is equal to zero, the
percentage rate of the water discharge in the

(b) Flood season

Figure 9 Bed deformation (Cases 4, 5 and6)
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Bassac River to the Mekong River becomes
small.

(2) During the flood season, sediment deposited at
the south of the peninsula between the Tonle Sap
River and the Mekong River. As shown in Figure
2, the peninsula between the Tonle Sap River and
the Mekong River has been extended to south
year by year. It is considered that the sediment
deposition during the flood season cause the
extension of the peninsula.

(3) During the flood season, the bed material in the
Tonle Sap River becomes coarse because of the
inverse flow from the Mekong River. However, the
armoring phenomenon is restricted near the
confluence. These results get agrees with the results
of one dimensional bed deformation analysis.

(4) Cohesive characteristics of the sediment affects
the bed deformation characteristics because of the
suppression of sediment transport rate and bed
degradation. Especially, when rivers which have
different sediment size characteristics confluents,
difference of the cohesive characteristics of the
sediment must be considered.
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