
International Journal of Mechanical And Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-1, Jan.-2018, http://iraj.in 

Effectiveness of Cascades Reservoir for Flood Control Operation and Electricity Production in Nam NGUM River 
 
7 

EFFECTIVENESS OF CASCADES RESERVOIR FOR FLOOD 
CONTROL OPERATION AND ELECTRICITY PRODUCTION IN NAM 

NGUM RIVER 
 

1V. KEOPHILA, 2A. PROMWUNGKWA, 3K. NGAMSANROAJ 
 

1,2Department of Mechanical Engineering, Faculty of Engineering, Chiang Mai University, Chiang Mai, 50200 Thailand, 
3Electricity Generating Authority of Thailand (EGAT) 

E-mail: 1keophila_vilandone@hotmail.com, 2anucha.com@gmail.com, 3kanchit.n@egat.co.th 
 

 
Abstract- The paper presents the effectiveness of cascade reservoir for the flood control operation and electricity 
production. The hydropower plants are Nam Ngum 1 and 2 Hydropower Plants (NNG1 and NNG2 HPPs), which locates in 
central Laos. Both plants are not only electrical generation but also reduction the flood in downstream area, where it is 
mainly Vientiane, the capital of Laos. The NNG1 HPP was built in 1971 and the NNG2 HPP was built in 2010. The 
effectiveness for the flood control means that NNG2 HPP is included in the simulation before 2010. The study compares the 
reduction of flood period (flooding days) for the cases of with and without NNG2 HPP. The software used is HEC-
ResSim3.1. Inflow data used is 34 years data between 1982-2016. The simulation results shown that the flooding days in the 
flood years are close to the actual recorded data. The flood days reduce, if NNG2 HPP is included into the simulation, for 
example in 1995 the flood days reduce from 23 days to 13 days. Direct benefit of water control is the increase of electricity 
production of NNG1 HPP. The simulation shows that, for the flood years between 1994 to 2011, the electricity production 
for the case of NNG1 HPP is increased 10.29% if NNG2 HPP is added into the simulation.  
 
Index terms- Cascades Reservoir, Flood Control, Electricity Production. 
 
I. INTRODUCTION 
 
Nam Ngum River is the main river in Laos, it starts in 
the mountain located in Xiengkhouang province, Lao 
northern region.  
 
The Nam Ngum River connects with Nam Lik River 
at the Vientiane province and connects to Mekong 
River in the Vientiane capital with approximately 354 
km of length, covering 16,800 square km of drainage 
area as shown in figure 1, which is the Nam Ngum 
basin. The Nam Ngum River has potential the 
electricity production as well as certain years it 
occurred the flood in the downstream area. 
 
For avoiding the flood damage and get the benefit of 
the electricity production from this river. Therefore, 
in the year 1971 The NNG1 HPP was built and begun 
the electricity production. However, Nam Ngum 
River only could not avoid the flood in downstream 
area. 
 
NNG2 HPP project was started on October 2010, it is 
located the upstream of NNG1 HPP. The project was 
finished in 2011. This paper demonstrates the 
effectiveness of cascades reservoir for flood control 
operation and electricity production in the Nam 
Ngum River. 
 
The reservoir management of both hydropower plants 
difficulty operated because owner and power grid 
connection of both hydropower plants are different 
that load demand in the each period is different. 
Which is reasonable the reservoir management 
problem of these hydropower plants. 

 
Figure 1: Location of Nam Ngum Basin. 

 
NNG 2 HPP is located in Vientiane province, central 
part of Laos, and about 90 km north from Vientiane 
Capital. Total installed capacity is 615 MW, annual 
electricity production is 2,310 GWh. Transmission 
line of NNG 2 HPP connected with the power grid at 
Oudone 2 substation in Oudonethany province, 
Thailand. This hydropower plant is operated and 
managed by Namngum 2 Power Company Limited, 
which will be following the load demand of EGAT, 
Thailand [1]. 
NNG 1 HPP, located the downstream of NNG 2 HPP 
about 35 km across the reservoir. Total installed 
capacity is 155 MW, annual electricity production is 
1,025 GWh. Transmission line of NNG 1 HPP 
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connected with the power grid at Phontong substation 
in Vientiane capital. The NNG 1 HPP is operate and 
manage by EDL-Generation Public Company. The 
technical data shows in table 1 as below [2].  

 
Table 1. The principal features of NNG 1 and 2 HPPs. 

 
 
Literature review. In recent years, many researchers 
have presented the methods and principle for flood 
control operation and electricity production. The 
multi-objective optimization of reservoir flood 
control operation was researched by S. Wang 
researcher [3], which used multi-objective particle 
swarm optimization (MOPSO) algorithm. The 
objectives are to minimize the highest water level for 
the safety dam and upstream, to minimize water 
discharge for reducing downstream damage, and to 
save the water in the dry season. The short-term 
operation of flood management was studied by U 
Gokcen [4], the purpose of the study is to maximize 
of water supply, and flood mitigation at the 
downstream. Software used is HEC-ResSim and 
RTC-Tools package of Deltares for simulating the 
reservoir operation, which base on water balance 
equation and dynamic system for the approach 
optimization. M. Hosseini [5] had been study the 
multi-objective optimization model for the flood 
control operation. The objectives are to select the 
control point for reducing the flood damage at 
downstream and to maximize electricity production. 
The theory in this paper is the multi-objective particle 
swarm optimization algorithm. The study used the 
VENSIM software to simulate the reservoir operation 
for the flood control, which base on dynamic 
programming. The flood mitigation operation of 
multi- reservoir was researched by O. Prakah [6]. The 
objectives are to minimize the sum of water flow at a 
control point, to flood mitigation at the control point 
and to maximize the electricity production. The 
theory used is non-dominated sorting genetic 
algorithm-II (NSGA-II). A. Jung Min [7] had been 
study the evaluation of dam and weirs operation for 

water resource management, which considered the 
water supply capacity, electricity production and 
flood damage at downstream. Software used is the 
Streamflow Synthesis and Reservoir Regulation 
(SSARR) model to estimate the natural flow and 
HEC-ResSim for simulating the reservoir operation.  
 
II. RESERVOIR OPERATIONAL 
MANAGEMENT 
 
The HEC-ResSim software was used in this study, 
which is developed by US Army Corps of Engineers. 
The software is used for the reservoir simulation. The 
main equation in the software is water balance 
equation, which important to operate the flood control 
and electricity production. The changing of storage 
volume depends on the inflow and the outflow, which 
are the variables in the equation. Fig 2 shows the 
schematic representation of the NNG1 and NNG2 
reservoirs [9] [11]. 

 
Figure 2: Schematic representations of NNG 1 and 2 HPPs. 

 
From the schematic, we can be written the equations 
for of NNG2 reservoir as the following: 

 
The outflow of NNG2 HPP is main inflow to NNG1 
HPP. Therefore, water balance equation can be 
written as. 
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Where Vi, t is the storage volume of reservoir i in t 
period, i=1 for NNG1 HPP and i=2 for NNG2 HPP; 
Ii, t is the water inflow of reservoir i in t period; Li, t 
is the local water inflow of reservoir i in t period; Qi, 
t is the water released of reservoir i in t period; Si, t is 
the spillway discharge of HPP of reservoir i in t 
period; Ei, t is the evaporation of reservoir i in t 
period, and Bi, t is the button outlet of reservoir i in t 
period.  
Water release passes turbine converts the mechanical 
energy to electrical energy as below: 

 
Where Pi, t is the Power of generator unit i of HPP j 
in t period, j=1 for NNG1 HPP and j=2 for NNG2 
HPP; E is the total electricity production; Ht is the 
gross head in t period; g is the gravitational 
acceleration (m/s2), ρ is the water density (~ 1000 
kg/m3), T is the length of operational period and n is 
the number of operational period.  
Efficiency of power plant belongs to the ratio of 
electrical power output of generator and hydraulic 
power available, we can be written the equation as 
below. 

 
Where η is the efficiency of power plant; PE is the 
electrical power output of generator; PM is the 
hydraulic power available.  
Overall efficiency is equal the multiplying of 
generator efficiency and hydraulic turbine efficiency. 

 
Where ηTG is the Overall efficiency, ηT is the 
generator efficiency and ηG is the hydraulic turbine 
efficiency.  
1. Downstream flow constraint 

 
The 200 cubic meters per second (cms) is the 
minimum water flow at downstream control point in 
the actual recorded data. Which this value is for 
retaining the ecosystem, irrigation and water supply 
in the dry season.  
2. Reservoir level constraint 

 

2.1 Calibration equation of software simulation result  
The calibration equation is to compare the simulation 
results and the actual recorded data for reliability of 
the software, which follows the each equation as 
below [8].  
a) Root mean square error (RMSE) 

 
Which value of RMSE equal zero, the simulation is 
highly reliable.  
Where Xobs, i is the actual recorded data i; Xmodel,i 
is the simulation results data i and n is the data 
number.  
b) Pearson correlation coefficient (r) 

 
r2 = 1 the simulation result is highly reliable and it 
should be more than 0.6.  
Where xi, yi are the actual recorded data i and the 
simulation results data i, respectively. x¯, y¯ are the 
average values of actual recorded data and simulation 
results data.  
c) Efficiency index (EI) 

 
EI = 1 the simulation result is high reliable and it 
should be more than 0.7. 
 

 
 
III. METHODOLOGY 
 
The simulation framework for the effectiveness of 
cascades reservoir is shown in Fig 3. The model in 
HEC-ResSim software was configured the 
conservation rule as same the conventional operation. 
Then the calibration equations was used for the 
reliability of the model. How procedure the model as 
below.  
 
Step 1: Inputted the physical data of hydro plant and 
water inflow to the software.  
Step 2: Initialize the reservoir level.  
Step 3: Configured the operation set such as 
conservation operation.  
Step 4: Used the equation (15), (16), and (17) for 
checking the percentage error between the actual data 
and simulation results, if the value is not 
unacceptance, it returns to step 3. 
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Figure 3: Flowchart of simulation model. 

 
IV. INPUT DATA FOR SIMULATION MODEL  
 
Inflow data collection of NNG2 HPP is 34 years 
between 1982-2016. The flood year was selected for 
the study cases, which are 1994, 1995, 2002, 2005, 
2008 and 2011. The inflow data for such years shown 
that the inflow volume is higher than 7400 MCM per 
year, which is defined as wet year [1]. 

 

 
Figure 4: Inflow data of NNG2 HPP. 

 
The data collection of Nam Lik River flows is 34 
years between 1982-2016. The Fig 5 as below is 
shown the average Nam Lik River flow of wet year. 

 
Figure 5: Average Nam Lik River flow of wet year. 

The NNG1 HPP have been operated the power 
generation between1971 to present. Which counted 
for 45 years, as well as the data can be collected and 
summarized such as rainfall, water inflow, outflow, 
elevation level, and electricity production [2]. 

 

 
Figure 6: Water data collection of NNG1 HPP. 

 
The evaporation in the simulation model used is 
average monthly, according to the basic design of 
NNG2 HPP project. The table 2 shown the 
evaporation data. 

Table 2. The evaporation data (Unit: mm). 

 
Water usage and hydraulic loss of hydropower plants 
in the simulation model were gotten from the power 
plants, which shown in Table 3.  
 

Table 3. The water usage and hydraulic loss data. 

 
 
V. RESULTS AND DISCLUSSION 
 
The effectiveness of cascades reservoir was 
considered two cases studies which are case of with 
and without NNG2 HPP. However, NNG2 HPP is 
added into simulation. The simulation results for the 
case of without NNG2 HPP are shown the flooding 
days and cumulative flow at flood control point, 
which are close to the actual recorded data as show in 
table 4. The electricity production of certain year is 
not close to the actual recorded data because the 
NNG1 HPP in simulation model use the latest power 
installed capacity, which is 155 MW as show in table 
8.  
 
Table 4. The flooding days and cumulative flow at flood control 

point for the case without NNG2 HPP. 
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For the calibration is used EI, r2 and RMSE. Which 
input the elevation reservoir and electricity 
production of NNG1 HPP. The results show that, the 
calibration is acceptable ranges and the value is under 
the limit of calibration equation, the calibration result 
is summarized in the table 5 and the Fig 7 shown the 
comparison of model and actual of the year 1994.  
 

Table 5. The calibration result of the NNG1 HPP. 

 

 
Figure 7: The NNG1 HPP Reservoir level calibration of 1994. 

 
Figure 8: The NNG1 HPP switching curve for the case of 

without NNG2 HPP. 

 
Figure 9: The water flow at flood control point for the case of 

without NNG2 HPP. 

The simulation result for the case of with NNG2 HPP 
demonstrate the flooding days, which is decreased as 
compared to the case of without NNG2 HPP. Due to 
the cumulative flow at flood control point was 
reduced. Because the NNG2 HPP can be saved the 
max flow which flow to the NNG1 HPP in wet 
season on July to October as shown in table 6. For the 
electricity production of the NNG1 HPP is increase as 
compared to the case of without NNG2 HPP because 
the inflow is increased between from January to May 
as shown in table 9 and 10.  
 
Table 6. The flooding days and cumulative flow at flood control 

point for the case of with NNG2 HPP. 

 
Table 7. The comparison of flooding days and cumulative flow 

for the case of with and without NNG2 HPP. 

 
 

 
Figure 10: The Water flow at flood control point for case of 

with NNG2 HPP. 
 

 
Figure 11: The NNG2 HPP switching curve for the case of with 

NNG2 HPP. 
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Figure 12: The NNG 1 HPP switching curve for the case of 

with NNG2 HPP. 

 
Figure 13: The comparison of NNG1 HPP switching curve of 

1994 year. 
 

Table 8. The NNG1 HPP simulation results for the case of without NNG2 HPP. 

 
Table 9. The NNG 1 HPP simulation results for the case of with NNG2 HPP. 

 
 

Table 10. The NNG 2 HPP simulation results for the case of 
with NNG2 HPP. 

 
 
CONCLUSION 
 
The study used HEC-ResSim3.1 to simulate 
effectiveness of cascades reservoir for flood control 
operation and electricity production in the Nam 
Ngum River. The hydropower plants are Nam Ngum 
1 and 2 Hydropower Plants, which are located in 
Vientiane province, Laos central region. Inflow data 
used is selected the flood year during 34 years 
between 1982-2016. The effectiveness of cascades 

reservoir in Nam Ngum River have efficient for 
operating the flood control and the electricity 
production. The results shown the reducing flood 
days, if NNG2 HPP is incorporated into the 
simulation, for example in 1995 the flood days reduce 
from 23 days to 13 days. Direct benefit of water 
control is the increase of electricity production of 
NNG1 HPP. The simulation shows that, for the flood 
years between 1994-2011, the electricity production 
for the case of NNG1 HPP is increased 10.29% if 
NNG2 HPP is added into the simulation.  
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