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Abstract  

Hydropower development in the upstream Mekong countries has reduced the amount of 

sediment moving in the Mekong Delta in Vietnam. The reducing of sediment leads to the 

imbalance of sediment, as a consequence, riverbank erosion happening severely creates a range of 

effect to people's livelihoods and economic development. Looking at more detail, the authors apply 

Mike 21 model to simulate bed change under the influence of sediment deficiency from upstream. 

The results show that when the amount of sediment is reduced significantly, the conduction is 

seriously eroded. Although this study is just a case of a depleted sediment upstream, it not only 

provides a detailed view of the effect of sediment deficiency on bed change but also contributes to 

forecast the risk of bank failure when the upstream hydropower projects are rushing. 
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Introduction 

There are many causes of the erosion in the Mekong Delta, one of which is the lack of 

sediment from upstream into the downstream. According to the forecast by the Ministry of Natural 

Resources and Environment (2017), the annual sediment load in Tan Chau and Chau Doc is 

dropped about 42% since 144 hydropower reservoirs built in the Mekong Basin. Decreasing of the 

sediment is the key factor influencing the imbalance of sediment. As a consequence, severe erosion 

in river bank can affect people's livelihoods and economic development. In order to see the specific 

effect of this problem, the authors apply the Mike 21 model to simulate bottom change under the 

influence of sediment deficiency from upstream, which provides a detailed view of the effect of 

sediment deficiency on the erosion of riverbank, contributing to forecasting the risk of bank failure 

as the upstream hydropower projects are rushing. 

Methodology 

Mike 21 model, a mathematical model, is used in this study as the main method. In the Mike 

21 model, flow process and sediment transport are calculated based on the momentum and 

continuity equations, as well as the sediment transport function which is cover stream function and 

bottom change relied on the gradient of sediment and the continuous bottom sediment equation 

(DHI Software, 2012).  



 

The study area is upstream of Mekong Delta, in which topography, boundary and hydrological 

stations for calculation in the model as shown in Figure 1. The hydraulic model set up boundary 

including upstream boundary (boundary 1, boundary 2 and boundary 3) and the water level 

downstream boundary (boundary 4 and boundary 5) while sediment transport model utilizes the 

sediment concentration data measured at hydrological stations in the area to calculate. Specific data 

for the calculation are as follows: 

- The study topography was collected in 2010 from the Southern Institute of Water Resources 

Research. 

- Flow and water levels of Tan Chau, Chau Doc, Vam Nao, My Thuan, and Can Tho stations 

will be collected in 2012 for model calibration and 2013 for simulation and analysis. 

- Alluvial sediment concentration in the model is the sediment concentration data at each 

stratification level at the hydrological stations at the boundary locations. Other parameters of the 

sediment transport model are shown in Table 1. 

Table 1. The parameters for the sediment transport model 

Parameter Symbol Unit Value 

Settling velocity ws m/s 

ws1 =0.00145 

ws2 =0.00399 

ws3 =0.01 

ws4 =0.0628 

ws5 =0.25155 

Critical shear stress for 

erosion 
ce N/m2 0.8 

Critical shear stress for 

deposition 
cd N/m2 0.005 

Erosion coefficient E0 

Layer 1 

kg/m2/s 

2 x 10-7 

Layer 2 1.5 x 10-7 

Layer 3 5 x 10-7 

Layer 4 8 x 10-6 

Layer 5 8 x 10-6 

Bed roughness kn m 0.0005 



 

 
Figure 1. Study area and boundaries position 

The calibration results and sediment concentration of upstream stations are shown in Figure 2 

and Figure 3. 

 

Figure 2. Comparison of simulated and measured discharges (m3/s) at Tan Chau, Chau Doc. 

Vam Nao, My Thuan, and Can Tho stations 

 

Figure 3. Comparison of simulated and measured SSC (mg/l) 

at Tan Chau and Chau Doc stations 

Table 2. The results of calibration 

stations 

Station 
Discharge Water level SSC 

NSE R2 NSE R2 Error % 

Chau Doc 0.86 0.9 0.75 0.81 4.58 

Tan Chau 0.82 0.87 0.71 0.8 4 

Vam Nao 0.81 0.85 0.79 0.85 9.86 

My Thuan 0.78 0.89 0.82 0.88 5.6 

Can Tho 0.72 0.83 0.85 0.9 7.92 

 
 



 

The calibration results showed that the water level, flow and the concentration of suspended 

solids at the hydrological stations in the area calculated from the model are very consistent with the 

measurement data (the results of the calibration stations are shown in Table 2). The hydraulic model 

was calibrated with NSE and R2 ratios given good results (NSE> 0.7 and R2> 0.7 for all stations) 

(Moriasi et al., 2015). Sediment transport model was calibrated by the mean error in condition that the 

values are less than 10% for each station. So that, the hydraulic and sediment transport models are 

reasonable to simulate and to evaluate the trend of erosion for upstream of Mekong Delta. 

Results and Conclusions 

After calibration, the model has applied to simulate for three months of the flood season in 2013 

with two scenarios: Scenarios in 2013 (Scen.1) and assumption of reducing sediment volume by 42% 

(compared to Scen. 1) (Scen. 2). 

The results of the bottom change after the flood season of Scen.2 – which is reduced by 42% 

sediment compared to the current status of 2013 of some sections are shown in Figure 4 to Figure 7. 

 
Figure 4. Bed level change of Tien river in Tan 

Chau Town after 3 months of flood season – 

scen.2 

 
Figure 5. Bed level change at the confluence of 

the Hau and Vam Nao rivers after 3 months of 

flood season – scen.2 



 

 
Figure 6. Bed level change of Tien river in Sa 

Dec Town after 3 months of flood season – 

scen.2 

 
Figure 7. Bed level change of Hau river in Tan 

Loc ait after 3 months of flood season – scen.2 

In Figure 4, at the beginning of Long Khanh ait, a curving river, the trend of the flow move into 

the riverbank passes through Tan Chau Town at a velocity of about 0.8-1 m/s (four times the velocity 

of the initial sediment). As a result, after 3 months in Scen.2, the rate of erosion is quite large (0.25-

0.3m). 

At the confluence of the Hau and Vam Nao rivers (Figure 5), the Vam Nao riverbank is harshly 

eroded by high flow velocities (0.8-1.2 m/s), higher than the average sediment velocity (0.22 m/s) 

combined with the river bank winding erosion along the erosion of up to 0.25 m, and the riverbank 

which deposited of Vam Nao river, the flow is slight, at 0.12 m after 3 months of the flood season. 

The flow in the Tien River through Sa Dec Town is shown in Figure 6, which is a serious 

erosion zone due to the fact that the bathymetry changes out of the blue, so that, the water pressure 

from the upstream flowing down is quite large. It can contribute to deep erosion in the river section of 

An Hiep commune. 

The river flow through Tan Loc ait (Figure 7) was obtained from the calculation after 3 months 

of flood season (stage 2). The erosion occurred mainly but slightly less erosion, 0.15 m in the middle 

of the thread; wider accretion zone, acceleration rate of 0.1 m in the river bank. However, the velocity 

in this part of the river is not high (between 0.2-0.4 m/s), but at the left bank section of the river, sand 

mining activities occur, which can be the reason why erosion happened in this river banks. The 

amount of sand in the river will decrease less than at the same time and deposition will be back only 

when mining sand companies comply with the rules do. 

Simulation results after reducing 42% of sediment (Scen. 2), compared to (Scen. 1) showed that 

the velocity in the study area was largely increased by 0.1 to 0.2 m s across the area. In the curved 

section of the river, the speed increases by 0.2 - 0.4 m/s. The erosion rate for the case increased by 

0.02 m, higher than in 2013, in contrast, the deposition rate slightly reduced. 
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