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ABSTRACT: Hydropower is well known as one of the most economical traditional energy sources, and it is clean 
and renewable in the world so far. This resource has been harnessed for socio-economic development and energy 
security in Vietnam. Small hydropower projects have contributed significant power to the national power grid 
thanks to their economic investment and environmental friendliness. However, the small hydropower was 
restrictive on flood regulations and risked potential incidents such as dam breaks during operation. Therefore, it is 
necessary to study the risk of downstream inundation due to flood discharge or dam break. This study uses HEC-
RAS software to map flood inundation applied downstream of Thac Xang hydropower (Lang Son, Vietnam) at 
three (03) active flood discharge scenarios and two (02) dam break scenarios. The results show that the hydropower 
reservoir can help reduce flood peaks by 6.54% for a flood frequency of 1% but does not help reduce flood peaks 
in the case of flood frequency of 0.2% and 0.1%. In addition, the flood peak time is also delayed from 1.0 to 1.8 
hours. The inundation map results show that in the event of a dam break during flood discharge, the flooded area 
will increase by 9.89%, the flooded residential area will increase by 12.47%, and the flooded depth will increase 
by 13.08%. 
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1. INTRODUCTION 

 
Hydropower has been well known as the cheapest 

traditional energy source, which was clean and 
renewable in the world [1,2]. Thanks to its great 
potential, this resource has been harnessed for socio-
economic development and energy security in 
Vietnam [3]. Investment in the construction of small 
hydropower projects (installed capacity <30 MW [4]) 
in recent times has contributed a significant electricity 
output to the national power grid, taking advantage of 
this valuable renewable energy source. Small 
hydropower is recognized as one of the most 
economical and environmentally friendly power 
sources [5]. The period of strong development of 
small hydropower started from 2008 - 2009 and lasted 
until 2016. Until 2017, Vietnam has put into 
operation 190 small hydropower projects and another 
180 under constructions, with a total installed 
capacity of 3.8 GW [4]. 

Nevertheless, in term of flood control, small 
hydropower is relatively limited because its less 
protective standard comparing the regular 
hydropower dam. Therefore, analysis of downstream 
flooding risks caused by small hydropower flood 
discharges and/or dam break is required. 

Dam break analysis can be studied in the form of 
small-scale physical models to study flood 
transmission [6] or by dam break simulation software 
such as HEC-RAS, FLDWAF and DAMBREAK, 

MIKE FLOOD. Comparison between the 
computational softwares shows equivalent results for 
similar dam break parameters, cross-sectional 
properties, boundary conditions [7]. 

Several studies on flood inundation analysis due 
to flood discharge and dam breach using HEC-RAS 
have also been conducted by [8–13]. This model is 
suitable for overtopping as well as pipe breaking in 
both earthfill and concrete dams. The resulting 
downstream flood waves are routed using unsteady 
flow equations [14]. 

In this paper, we will simulate models of 
reservoir, dam, river, and flow area, then export an 
inundation map for the downstream of Thac Xang 
hydropower plant (on Bac Giang River, Hung Viet 
commune, Trang Dinh district, Lang Son province) 
and calculate some main parameters, such as peak 
flow (in and out), inundation area, depth, inundation 
residental area, etc. Three (03) scenarios of active 
flood discharge with different flood frequencies and 
two (02) dam break scenarios will be studied and 
simulated using HEC-RAS 6.4.1. The simulation 
results can be used to identify risk areas and provide 
early warning to minimize the impact of floods in the 
Thac Xang hydropower downstream, focusing on 
That Khe town area, a densely populated area.  

The paper content is consisted of six sections: 
introduction, research significance, data and 
methodology, results and discussions, conclusions 
and references. 
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2. RESEARCH SIGNIFICANCE 
 

In this paper, HEC-RAS 6.4.1 was used to 
simulate three (03) scenarios of active flood discharge 
with different flood frequencies and two (02) dam 
break scenarios of Thac Xang hydropower plant. The 
simulation results can help identify high-risk areas 
and offer early warnings to reduce the impact of 
floods in the downstream region of Thac Xang 
hydropower, with particular attention to the densely 
populated That Khe town.  

 
3. DATA AND METHODOLOGY 

 
3.1. Study Area 

 
Thac Xang Hydropower Project is built on Bac 

Giang River, a level 1 tributary on the left bank of Ky 
Cung river. The project is located in Hung Viet 
commune, Trang Dinh district, Lang Son province, 
more than 3km from the junction of Bac Giang and 
Ky Cung rivers, about 10km from That Khe town by 
straight line to the south, about 60km from Lang Son 
city to the northwest. The project location has the 
following geographical coordinates: 22o09'40" North 
latitude - 106o29'30" East longitude. The river 
network, river basin area and Thac Xang dam location 
were presented in Fig. 1. That Khe town, where the 
flood risk analysis must be focus on, is also shown on 
Fig. 1. Some main parameters of Thac Xang 
Hydropower Project are shown in Table 1.  

  
Table 1. Main parameters of Thac Xang hydropower 

 
No. Parameter Value 

1 Basin Area 2660 km2 

2 Normal Water Level 183 m 

3 Dead Water Level 182 m 

4 Total Capacity 43.89 million m3 

5 Useful Capacity 3.96 million m3 

6 Number of Spillway Chambers 3 

7 Size of Spillway Chambers 14.5 x 16 m 

8 Installed Capacity 20 MW 

9 Average Annual Power 74 million kWh 

10 

Design Discharge (exceedance probability 1%) 

Upstream Water Level 183m 

Downstream Water Level 167.13 m 

11 

Exceptional Discharge (exceedance probability 0.2%) 

Upstream Water Level 185.07 m 

Downstream Water Level 169.94 m 

 

 
 
Fig. 1. River network, river basin area and Thac Xang 
dam’s location (1-Bac Giang river, 2,3 - Ky Cung 
river (upstream), 3-Ky Cung river (downstream), 4-
Bac Khe river) 

 
3.2. General Methodology 

 
The flood analysis method is performed based on 

HEC-RAS software. HEC-RAS flood analysis 
software is a powerful tool developed by the US 
Army for modelling the flow in rivers and channels 
[15]. 

The HEC-RAS system includes the following 
river analysis components for: (1) one-dimensional 
steady-flow water surface calculations; (2) one-
dimensional and/or two-dimensional unsteady-flow 
simulations; (3) fully or nearly unsteady-flow 
boundary sediment transport calculations (1D and 
2D); and (4) one-dimensional water quality analysis 
[16]. 

The method of performing flood and dam break 
analysis includes the following steps: 

• Step 1: Collect input data: hydrology, 
topography, reservoir parameters, hydropower dams, 
spillways, etc. 

• Step 2: Build geometric models: 
- Build 1D geometric model of the 

river/channel, including cross-sections of the river. 
- Build 2D geometric model, which is suitable 

for large flood areas where the flow can be distributed 
more freely. 

- Link 1D and 2D models through lateral 
structures to connect the river along the floodplain, or 
inline structures to connect the river horizontally to 
the reservoir or floodplain. 

- Enter model specifications: manning 
coefficients, dam parameters, etc. 

• Step 3: Set boundary and initial conditions: 
- Boundary conditions: Define the inlet and 

outlet flows for the model, based on hydrological data 
or forecasts. 

- Initial conditions: Set the initial water levels 
in the river/channel and inundation areas. 

1

That Khe
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2

3

4
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Project
location



International Journal of GEOMATE, Nov., 2024 Vol.27, Issue 123, pp.38-45 

40 
 

- Build a dam breach scenario: define breach 
characteristics (height, width, time to develop breach, 
etc.) 

• Step 4: Simulation: Use HEC-RAS to run the 
simulation, allowing the flow to move freely between 
1D and 2D regions based on the boundary conditions 
and established connections. 

• Step 5: Analyze results: Review the simulation 
results to understand the water levels, flow rates, and 
inundation areas throughout the model area. 

• Step 6: Model validation and calibration: test the 
model using data from different flood events to 
ensure that the model performs well in a variety of 
scenarios. Adjust the model parameters based on 
comparing the simulation results with actual data to 
achieve higher accuracy.  

• Step 7: Evaluation and use of results: Use the 
results to identify areas at high risk of flooding and 
the severity of flooding. Apply the results to flood 
prevention planning, construction of protective 
structures, and evacuation planning when necessary. 

 
3.3. Input Data 

 
Data used for flood analysis include hydrological 

data, topography, reservoirs, hydropower dams, gates, 
residental areas, population, downstream affected 
areas, etc. 

In terms of hydrology, this simulation uses 
inflows based on the hydrograph discharge as shown 
in Fig. 2. Hydrological data were taken from previous 
studies using the flood peak module reduction method 
from the Van Mich hydrological station according to 
the data series 1960-2008, including the historical 
floods in 1986 and 1992. According to actual flood 
flow measurements of the Van Mich hydrological 
station from 1960-1976, it shows that in a flood 
season, about 3-4 floods usually appear. The duration 
of a flood usually fluctuates between 1-5 days. From 
the flood data extracted from the Van Mich station 
during the period 1960-1976, representative floods 
were selected, namely the floods of 1966; 1968 and 
1971 with large peaks and flood volumes as typical 
floods to zoom in on the design flood process. 

The topography provided for this simulation is 
taken from the 1:10000 scale map data of Trang Dinh 
district, provided by the Department of Surveying, 
Mapping and Geographic Information of Vietnam. 
The data is in vector format, saved in DWG format of 
AutoCAD. To be able to import the data into HEC-
RAS software, the above data is converted to Digital 
Elevation Model (DEM) data with a resolution of 10 
meter using the GRASS toolkit in QGIS software. 

Other data, such as reservoir characteristic curve, 
parameters of hydropower dam and gates, boundary 
conditions of upstream and downstream of rivers, 
boundary conditions of reservoir, initial conditions, 
simulation scenerios, dam break parameters, will be 
presented more detail in the next sections. 

 
 

Fig. 2. Hydrograph discharge with probability of 
0.1%, 0.2% and 1% 

 
3.4. Geometric Model 

 
The geometric model constructed is shown in Fig. 

3, including the following main components: 
- Hydropower reservoir (as storage area) and 

hydropower dam (as inline structure), which was 
presented in more detail in Fig. 4. 

- Rivers including Bac Giang River and Ky Cung 
River, river cross-sections, riverbanks. 

- That Khe Town as a 2D flow area. 
 

 
 
Fig. 3. Overall geometric model of the simulation. 

 
The hydropower reservoir is just defined 

symbolically in terms of geometry (Fig. 4), however, 
is defined accurately in terms of volume-water level 
relationship (Fig. 5). 

The river model is a 1D hydraulic model, in which 
the Bac Giang River starts from the reservoir of Thac 
Xang hydropower dam (Fig. 4). The upstream part of 
the Bac Giang River outside of the Thac Xang 
hydropower reservoir is not considered. There is one 
river cross section located in the reservoir model 
(cross section 1 in Fig. 4) and one river cross section 
located outside the reservoir model (cross section 2 in 
Fig. 4), the closest distance between them can be from 
3~6m [16]. 
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Fig. 4. Model of Thac Xang hydropower dam and 
reservoir 

 

 
 

Fig. 5. Reservoir characteristic curve (volume-water 
elevation) 

 
Following cross section 2 is the hydropower dam 

which is defined as an inline structure. Fig. 6 shows 
the cross section of the dam with 03 spillways. The 
spillways with gate are located in the middle of the 
riverbed of the dam line. 

 

 
 
Fig. 6. The dam cross section includes 03 spillways 
and the largest breach. 

 
In the downstream, Bac Giang River merges with 

the Ky Cung river at the intersection of 3.6 kilometers 
from the Thac Xang hydropower dam. The Ky Cung 
river keep flowing on about 6.1 kilometers the to 
northwest cross the That Khe town, then flows back 

to the east. In the scope of study, the Ky Cung River 
is just geometrically defined for an additional 11 
kilometers after That Khe town. The number of river 
cross-sections on all rivers will be 90 sections, 
averaging approximately 230m per section. 

The main flood area considered in the study is 
That Khe town, defined as a 2D flow area. This 2D 
flow area has an area of 19.76 km2, divided into 
195932 cells, with an average size of 10x10m. 

The 1D model of Ky Cung river running cross 
That Khe town is connected to the 2D flow area 
model by a lateral structure (plan view on Fig. 7,  
cross section on Fig. 8). 

 

 
 
Fig. 7. Plan view of the lateral structure model 
connecting 1D model of Ky Cung river and 2D flow 
model of That Khe town 

 

 
 
Fig. 8. Cross section of the lateal structure model 
connecting 1D model of Ky Cung river and 2D flow 
model of That Khe town. 

 
3.5. Simulating Scenario and Boundary 
Conditions 

 
Based on Vietnamese technical standard TCKT 

03:2015/TCTL [17], the simulation scenarios are: 
• P1.1: Active flood discharge with design flood 

(exceedance probability 1% or 100-year flood) 
• P1.2: Active flood discharge with test flood 

(exceedance probability 0.2% or 500-year flood) 
• P1.3: Active flood discharge with exceeding 

control flood (exceedance probability 0.1% or 1000-
year flood) 
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• P2.1: Dam break in normal (non-rainy) weather 
conditions, however, encountering a construction 
incident causing the dam break such as earthquake. 

• P2.2: Dam break in rainy and flood conditions, 
during an active flood discharge with design flood 
(exceedance probability 1% or 100-year flood). 

The flood process is simulated in the software 
using Unsteady Flow, in which the discharge varies 
over time as shown in Fig. 2. 

The boundary condition of the reservoir is defined 
by the lateral flow to simulate the flood to the 
reservoir. This boundary condition is defined in 
scenarios P1.1, P1.2, P1.3 and P2.2, the value of flood 
inflow to the reservoir is shown in Fig. 2. 

Boundary conditions of Thac Xang Hydropower 
Dam: 

• The opening of the discharge gate is set to the 
maximum to proactively anticipate the flood in the 
cases of flood discharge (P1.1, P1.2, P1.3, P2.2) and 
open 10% in the case of dam break under normal 
conditions (P2.1). 

• Dam break parameters (corresponding to 
scenarios P2.1 and P2.2): The size of gates breach is 
based on the design data of the spillway: three (03) 
gates of three (03) spillways and pillars are broken, 
the dimension of the breach is 50.5 m x 18.5 m. The 
breach model is shown in Fig. 6. The breach 
spreading time of 10 minutes was chosen for 
calculation. 

Boundary conditions of the upstream of Ky Cung 
river branch is a fixed flow rate of 260 m3/s. 

Boundary conditions of the downstream of Ky 
Cung river branch is a normal depth with a friction 
slope is 0.01. 

Initial conditions: the initial water level at the 
reservoir is the designed normal water level, which is 
183 meters. 

It shall note that the active flood discharge 
scenarios are prioritizing the safe operation of the 
plant and minimizing flooding in the downstream 
area without optimizing the power generation 
efficiency of the hydropower plant, therefore the 
spillway is opened to the maximum before the flood 
peak. In the reality, the hydropower always regulates 
the reservoir water level to keep maintaining 
maximize power generation according to reservoir 
operation process. In this study, the simulation of the 
reservoir operation process as above has not been 
considered. 

 
3.6. Model Limitations and Uncertainties 

 
Because the study focuses on analysis of the flood 

from the upstream of Thac Xang hydropower and its 
dam break problem, there are limitations of the model 
as following:  

• Precipitation in the whole area is not considered  

• Flow from upstream section of Ky Cung River 
is constant 

Some of sources of uncertainty of in the model 
can be mentioned: 

• The input topographic data is taken from the 
1:10000 scale map data of Trang Dinh district, which 
is not a very high resolution data 

• The manning’s roughness coefficients were 
based on the guidances in TCVN 13615:2022 
(Calculation of Design Hydrological Elements) [18], 
which requires the future step of validation and 
calibration. 

 
4. RESULTS AND DISCUSSIONS 
 
4.1. Flood Discharge Process 

 
The flood discharge process at the dam cross-

section is shown on Fig. 9. The main parameters of 
all active flood discharge scenarios (P1.1, P1.2, P1.3) 
are presented in Table 2.  

Comparing the reservoir water level and 
downstream water level in the flood discharge 
simulation (Table 2) with the upstream water level 
and downstream water level in the design parameters 
of Thac Xang Hydropower Plant (Table 1) shows 
similar results. The downstream water level in this 
simulation is approximately 0.14~0.28m lower than 
the designing level. The upstream water level 
(reservoir) in the simulation is approximately 
0.2~1.8m lower than the designing level. 

Fig 9a and Table 2 shows that during the active 
flood discharge scenarios with design flood (P1.1), 
the hydropower dam allowed to reduce the flood peak 
by 6.54% (from 4594 m3/s to 4294 m3/s) and delayed 
the flood peak time by 1.8 hours. In the active flood 
discharge scenarios with exceptional flood (P1.2) and 
exceeding control flood (P1.3), the flood peak did not 
decrease, however, the hydropower dam could be 
able to delay the flood peak time by 01 hour. 

In the case of dam break during an active flood 
discharge with design flood (P2.2), the discharge flow 
increases sharply, reaching a peak value of about 
6600 m3/s compared to 4294 m3/s in the case of 
Active flood discharge with design flood (P1.1). In 
the case of dam break due to earthquake in normal 
weather conditions (P2.1), the discharge flow 
increases very high to about more than 9300 m3/s, 
higher than in case P2.2 because the reservoir is 
storing water at the normal water level (see Fig 9b). 

It should be noted that the active flood discharge 
scenarios can achieve the above results because the 
flood gates are fully opened before receiving flood, 
prioritizing safe operation, and minimizing flooding 
in the downstream area. This allows to cut back 
power generation efficiency of the plant during flood 
discharge. 
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Fig. 9. Flood process at dam cross-section: a) Left: Inflow vs outflow of reservoir in scenerio P1.1; b) Right: 
Outflow in all scenerios 
 
Table 2. Flood process parameters of of active flood discharge scenarios 

 

Scenerio Description 
Peak inflow 

(m3/s) 
Peak outflow 

(m3/s) 
Flood delay 

(hour)  
Upstream WSE 

(m) 
Downstream 

WSE(m) 

P1.1 
Active flood discharge 

with design flood 
4594 4294 1.8 182.81 166.85 

P1.2 
Active flood discharge 
with exceptional flood  

6224 6224  1 183.26 169.8 

P1.3 
Active flood discharge 

with exceeding 
exceptional flood 

6993 6993 1 183.42 171.67 

 
4.2. Inundation Map 

 
The inundation boundary map of each simulated 

scenario is presented in Fig. 10. The inundation map 
and flooded residential locations (red) corresponding 
to the most severe flood scenario P1.3 are shown in 
Fig. 11. The inundation parameters of all the 
scenarios are shown in Table 3. The last row of the 
table is the comparison between scenarios P2.2 and 
P1.1. 
 

 
 
Fig. 10. Inundation boundary map (maximum) for 
each scenario 
 

 
 
Fig. 11. Inundation boundary map and flooded 
residential areas corresponding to the most severe 
flooding scenario P1.3. 

 
The flood discharge scenario with exceeding test 
flood (P1.3) causes the largest downstream flood 
(12.73 km2), with 78.42 hectares of flooded houses. 
The dam break scenario due to an earthquake in 
normal (non-rainy) weather conditions (P2.1) causes 
the smallest flood (6.78 km2), with 10.9 hectares of 
flooded houses. 
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Table 3. Inundation simulation results of all scenarios and the comparison between P1.1 and P2.2 
 

Scenario Description Inunation 
area (km2) 

Elevation at 
inundation 
area (m)  

Depth (m) Volume (1000 
m3) 

Inundation 
residential 
area (ha) 

P1.1 Active flood discharge with 
design flood 9.4 152 8.03 7,306 47.45 

P1.2 Active flood discharge with test 
flood 12.02 153.9 9.97 15,961 72.17 

P1.3 
Active flood discharge with 

flood frequency exceeding test 
flood 

12.73 154.8 10.87 19,176 78.42 

P2.1 Dam break due to earthquake in 
normal weather conditions 6.78 150.8 6.81 862 10.90 

P2.2 
Dam break during an active 
flood discharge with design 

flood  
10.33 153.1 9.08 8,538 53.37 

 P2.2 vs P1.1  9.89% 0.69% 13.08% 16.86% 12.47% 
 
The comparison between the active flood 

discharge scenario with design flood (P1.1) and the 
dam break scenario during an active flood discharge 
with design flood (P2.2) shows that the dam break 
increased the flooded area by 0.93 km2 (9.89%), the 
flooded depth by 1.05 m (13.08%), the water volume 
increased by 1,232 thousand m3 (16.86%), and the 
flooded residential area increased by 5.9 ha (12.47%). 

The most serve flood scenerio (P1.3) shows that 
most of flood residental areas are in That Khe town 
(Fig 11). Therefore it is recommended to focus on 
That Khe town and the red area on the map on Fig. 11 
to develop flood prevention plans, constructing 
protective works, and planning evacuation. 
 
5. CONCLUSION 
 

The paper has simulated the flood inundation 
model at downstream of Thac Xang hydropower dam 
(capacity 20MW) due to flood discharge and dam 
break. The simulation model has combined the 1D 
river hydraulic model and the 2D flow area model. 
The reservoir model firstly connects to the Bac Giang 
River model by the hydropower dam model, then the 
Bac Giang River merges with the Ky Cung river and 
connects to the 2D flow model at the section passing 
through That Khe town. 

The paper has simulated three (03) active flood 
discharge processes corresponding to flood with 
exceedance probability of 1%, 0.2%, 0.1% and two 
(02) dam break incidents. The simulation model is 
skipping the optimal reservoir operation process for 
power generation purposes, prioritizing safe 
operation of the project, minimizing flooding 
downstream by proactively opening the discharge 
gate early to receive floods. The model is verified 
with the flood discharge design parameters of the 
plant, giving quite similar results with a difference of 
0.14~0.28m for downstream water levels and 
0.2~1.8m for upstream water levels. 

Simulation results of flood discharge processes 
show that Thac Xang hydropower is a small one and 
limited regulation capacity, the ability to reduce flood 

peaks by 6.54%; flood peak times are delayed by 
1~1.8 hours. When the hydropower dam breaks 
during active flood discharge (with design flood), the 
flooded area will increase by 9.89%, the flooded 
residential area will increase by 12.47% and the 
flooded depth will increase by 13.08% in the same 
time. 

Based on these results, the next step of the 
research will be to verify and modify the model 
results by using collected data (by investigating 
historical flood traces). The flood maps, especially 
the zoning of flooded residential areas as shown in 
Fig. 11, can be used as a basis for developing flood 
prevention plans, constructing protective works, and 
planning evacuation. 
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