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ABSTRACT  

The paper presents the application of the numerical models used to calculate the riverbank failure in Tien River, which 
flows through Long Ho district of Vinh Long province. The two-dimensional (2D) model is based on the system of non-
linear equations including Reynolds equations, sediment transport, and bed load continuity equation to simulate the 
flow, sediment transport and bed changes in the river. Then the model is combined with Geo-slope model in order to 
calculate the probability of riverbank failure. The obtained results show that the stability of riverbank at this segment is 
low and potential to failure. Besides, the result of bank width retreat is compared with some observed data and received a 
good agreement. In conclusion, these results indicate that the approach in this study is promising and potentially applied 
in predicting and avoiding bank erosion in Vietnam river networks.  
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1. INTRODUCTION  

In recent years, bank erosion phenomenon in the Mekong 
Delta is increasing and causing significant damages. 
Therefore, holding the initiative to prevent and providing 
effective solution to protect the riverbank is necessary. 
Accordingly, studying on predicting riverbank failures 
based on the application of modern technologies in the 
world should be promoted. 

There are four main methods used to study the riverbank 
erosion such as measurement method, physical model 
method, numerical mathematical model, remote sensing 
and GIS. These four methods cannot missing and they all 
must be used to support together to obtain the best results. 
Measurement method takes much time to monitor 
systematically. Physical model method is the basis to 
establish experience formulas, it can simulate exactly part 
of a study river, however, it costs expensive and needs a 
labor with full facilities. Nowadays, in Vietnam condition, 
using numerical mathematical models and combining 
measurement in some locations are suitable and very 
effective in order to calibrate and validate the obtained 
from the model. 

Therefore, the paper will present the application of Mike 
21 model and Geo-slope software with real measurement 
data to calculate riverbank erosion in Co Chien River, 
which flows through Long Ho district in Vinh Long 
province. This also presents basis theories used in the 
model, the obtained results such as hydrodynamics, 
riverbed erosion, and riverbank failure. 

2. BASIC THEORIES 

2.1 Governing equations in MIKE 21 

Reynolds equations 
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Continuous equation 
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Where: 

h: Total water depth [m] (h = η + d) 
η: Water level [m] 
d: Still water depth [m] 

vu, : Depth – averaged horizontal velocity components in 

x, y direction [m/s] 
S: Magnitude of discharge [m3/s/m2] 
ρ: Density of water [kg/m3] 

sysx  , : Surface wind stresses components in x, y 

direction [N/m2] 
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bybx  , : Bottom stresses components in x, y direction 

[N/m2] 
f: Coriolis parameter 
g: Gravitational acceleration [m/s2] 
A: Horizontal eddy viscosity [m2/s] 
Sxx, Sxy, Syy: Radiation stress tensor [N/m] 

Sediment transport equations: 
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Where: 

c : Depth-average mass concentration [kg/m3]. 

u, v: Depth – averaged velocity [m/s]. 
Dx, Dy: Dispersion coefficients in x, y direction [m2/s]. 
h: Total water depth [m]. 
ΣS: Deposition/ erosion term [kg/m2/s]. 
QL: Source discharge per unit horizontal area [m3/s/m2] 
CL: Concentration of source discharge [kg/m3]. 

The thickness of the jth bed layer is a derived parameter 
determined as: 
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H: Bed layer thickness [m] 
M: Total sediment mass [kg/m2] 

d : Dry density [kg/m3] 

2.2 Governing equations in Geo - Slope 

In the Geo – slope software, the riverbank stability is 
based on the mechanism of rotational failure. Bank 
materials move to two directions: downward and 
outward along circular slip surface, and this is common 
on cohesive banks with slopes less than 60°. After failure, 
the upper slope of the slipped block is typically tilted 
inward toward the bank. Rotational failures are 
commonly a result of scour at the base of the bank and/or 
high pore water pressure within the bank material. 
Normally, they will occur during rapid drawdown 
following high flow events. 

 

Figure 1: Mechanism of rotational failure 

The critical threshold of riverbank stability can be 
quantified by the factor of safety (FS). An FS < 1 is 
indicative of instability and the bank failure. If FS = 1, 
these forces are exactly balanced. As FS increases beyond 
unity, the slope becomes more stable. The FS is defined as: 
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Where: 

 rS : The total available shear resistance 

 mS : The total mobilized shear along the entire length 

of the slip surface. 

The FS is calculated based on limit equilibrium with 
respect to moment equilibrium (FSm) and horizontal force 
equilibrium (FSf). 
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Where: 

FSm: the factor of safety with respect to moment 
equilibrium 
FSf: the factor of safety with respect to horizontal force 
equilibrium 

First, the software defined a trial slip surface, which is an 
arc of circle. The trial slip surface can be specified with a 
defined grid of circle centers and a range of defined radii 
(Fig. 2). Then divide the slip arc into many slices to 
analyze force effect and force equilibrium from the slices. 

Fig. 3 presents forces effect on a slice in a slip arc. Process 
of calculation will be repeated until the program finds out 
the slip arc, which has the lowest FS. 

 

Figure 2: Definition of slip arc and center point in Geo-Slope 

 

Figure 3: Forces effect on a slice in slip arc 
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3. MODELING RIVERBANK EROSION IN CO 
CHIEN RIVER, THROUGH LONG HO 
DISTRICT, VINH LONG PROVINCE 

Study area is the segment of Co Chien River in Long Ho 
district, Vinh Long province (river length about 30 km), 
and limited with three boundaries as in Fig. 4. 

 

Figure 4: Bounds of study area. 

Calculation mesh: unstructured mesh with 26360 
elements, 16171 nodes, and the smallest angle of triangle 
elements is 260, the distance between the nodes is 5 – 20m. 

3.1 Model calibration  

Before simulating, the model was calibration in 3 days, 
from Dec 29, 2012 to Dec 31, 2012. The results achieved 
relatively good and appropriated to measured data. The 
positions used to calibration are presented in Fig. 5 and 
the results are showed in Table 1. 

 

Figure 5: Bathymetry of study area and locations used to 
calibration. 

Table 1: The results of calibration at 5 positions in the study 
area 

No. 
Checked 
locations 

NSE coefficient 

Water 
level (m) 

Discharge 
(m3/s) 

Sediment 
(kg/m3) 

1 TV1 0.99 0.92 0.81 

2 TV2 0.95 0.83 0.90 

3 TV3 0.98 0.89 0.76 

4 HC_PangTra 0.95 0.83 0.82 

5 HC_CoChien 0.93 0.85 0.8 

3.2 Results and discussions 

 

Figure 6: Distribution of the velocity when water went down the 
strongest (Oct 9, 2010). 

 

Figure 7: Total bed thickness change after simulation 

Total bed thickness change after the flood season is 
presented in Fig. 7. In this figure, blue color is about 0.3m 
of deposition, white color is less erosion, and red is nearly 
1m of erosion after 6-month simulation. In general, 
segments of the river which has the flow narrowed 
suddenly are almost eroded (about > 0.6 m after 6 months 
– corresponding from white color to red color in the Fig. 8, 
position No. 2 in Vinh Long city and No. 4 in My An 
ward). The velocity at these locations is higher because of 
the river narrowed suddenly. In addition, the geological 
structure here mainly has weak cohesion, so phenomenon 
of erosion occurs completely reasonably, and it is good 
agreement with the observed data here. A bed thickness 
change in the Fig. 7 is presented in the following statistics 
(Table 2). 

Table 2: Statistics level of erosion at 4 locations 

Location 
in Fig. 6 

Location description 

Erosion 
rate  

[m/year] 

1 An Binh ward, Long Ho district 0.3 

2 Ward 1, Vinh Long city 0.9 

3 My An ward, Mang Thit district 0.9 

Comparing with the observed data about bank failure 
(positions with red line in Fig. 8), some eroded positions 
calculated by the model are rather suitable. Values of FS 
of the bank at these positions were carried out to check 
whether the probability of riverbank failure at these 
locations occurs or not. 

 

Figure 8: Observed position of riverbank failure along Co Chien 
River in Long Ho district. 

Based on the results of deposition and erosion, combining 
with the riverbank failure location map (Fig. 8), we extract 
the cross-sections at these eroded positions and calculate 
the probability of riverbank failure. At each location, we 
choose 2 to 3 cross-sections to calculate the bank stability. 
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There are total 6 cross-sections in Co Chien river as in Fig. 
9 used to analyze the stability of river bank. 

 

Figure 9: Locations of the cross-sections used to calculate FS. 

Riverbank stability was analyzed in 2 periods: 

• Before the flood. 

• After the flood. 

Fig. 10, Fig. 11 are the results of FS of the bank at cross-
section 4 (No.4) corresponding to 2 periods. 

 

Figure 10: FS of riverbank at No.4 before the flood 

 

Figure 11: FS of riverbank at No.4 after the flood 

The results of FS at all cross-sections are presented in 
Table 3. 

Table 3: Results of calculated FS of riverbank at all cross-sections 

No. 

FS 
Bank 
width 
retreat 
[m] 

Observed retreat 
 [m/year] 
(After Department of 
Agriculture and Rural 
Development of Vinh 
Long province) 

Initia
-tion 

After 
simul
-ation 

1 1.038 0.958 9 
5-10 

2 1.045 1.001 - 

3 1.021 0.98 6 2-5 

4 1.026 0.993 7 5-8 

5 1.028 0.933 8 ~10 

6 1.138 0.957 5 2-5 

 
From the obtained results in the above table, we give out 
some conclusions: 

• Before the flood: Initial topography is not eroded yet, 
but majority cross-sections have a low value of FS 

(approximately 1). Concretely, FS at cross-section 
No.3, No.4 and No.5 reaches near limitation (FS = 
1.02 ~ 1); so there will occur failure when impacted 
by a small external forces. 

• At cross-section No.1, No.2 (An Binh isle, Co Chien 
River): Bed erosion destabilizes riverbank. Therefore, 
result of FS after simulated decreases compared to the 
initial time and bank retreats about 9m. 

• At cross-section No.3, No.4 (Ward 5 in Vinh Long 
City; Hoa Ninh Ward, Binh Hoa Phuoc Ward in Long 
Ho District): these locations are narrow and curve 
river, so the velocity is relative high, causing bed 
erosion, which leads to the low stability of riverbank 
and bank retreats about 7m. 

• At cross-section No.5, No.6 (My An ward, My Phuoc 
ward in Mang Thit district): these two cross-section 
are similar to cross-section No. 3 & 4. The riverbank 
retreats about 5-8m. 

According to the observed data about eroded and failure 
locations, we found that the results of riverbank failure 
calculation are in good accordance. 

In addition, the geological structure in this area mainly is 
weak soil. This is the main factor increase the probability 
of riverbank failure. 

4. CONCLUSIONS 

Calculating FS of a riverbank will be the basis to estimate 
and predict the riverbank failure phenomenon in the 
future. Combination between the hydrodynamics model 
and the Geo-slope software applied to calculate bed 
erosion and bank failure. Although these are the 
preliminary results of riverbank calculation, it shows that 
prospect of the method can be applied effectively to 
forecast river morphology changes and bank failure in the 
future. 
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