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INTRODUCTION 

1. Motivation  

Ranked as the second largest river system in Vietnam, after Mekong 

river system, Red river system plays an important strategic role with 

Red river basin and huge hydropower potential. The large 

hydroelectricity reservoirs have been completed and they have mainly 

contributed to flow regulation in the whole system. Over recent years, 

however, shortage of flow has happened more seriously. Discharge for 

Winter-Spring crop had doubled from 2.78 billion m3 to 5.77 billion 

m3 from 2007 to 2015, while operation rule of multi-reservoir system 

is only in form of static but not be developed with approach of multi-

objective function optimization. Therefore, it is required to perform 

researches on optimizing operation of hydropower reservoir system on 

Red river in dry season for multi-objective achievement and obtaining 

real-time operation functions based on selected operation rule. 

2. Objective 

Development of scientific basis for searching solutions for 

hydropower reservoir system operation during dry season to optimize 

electricity production and water allocation for downstream areas in 

Red river basin by applying multi-objective optimization approach 

and BORG-MOEA algorithm. 

3. Scope  

The research is carried out for system of large hydropower reservoirs 

on Red river basin in Vietnam, particularly as 6 following reservoirs: 

Ban Chat, Lai Chau, Son La, Hoa Binh, Thac Ba and Tuyen Quang. 

4. Approach and methodology 



 

- 2 - 

a, Approaches: Systematic and synthetic approach; Cause and Effect 

analysis approach; Inheritance approach 

b, Methodology: 1) Field trip survey and investigation; 2) Inheritance; 

3) Multi-objective optimization; 4) Mathematic modelling; 5) 

Parameterization - Simulation - Optimization; 6) System analysis. 

5. Significance of science and practice  

Optimization of multi-reservoir system is featured by multi-objectives 

and huge computation. In order to facilitate solve the problem, the 

research established optimized computation framework to connect all 

reservoir operation models in flood and dry seasons, downstream 

models, objective functions and constraints. Optimization framework 

is flexible as it can select and update modern optimization algorithms 

without re-building the model. The research applied Borg-MOEA 

algorithm for optimization computation [2]. In addition, the research 

developed reservoir-downstream modelling system for study area 

using C/C++ and Matlab programming languages on Window 

operating system which has high performance and result analysis 

capacity. 

Regarding practical significance, set of operation functions (350 

solutions) were proposed to improve 25 ÷ 28% of electricity 

production benefit, 4 ÷ 11% of average water level (<1.2 m) situation, 

43 ÷ 86% of 1.2 m water level violation avoidance and 40 ÷ 43% of 

average water level in Hanoi. Moreover, multi-objective system with 

350 different operation solutions makes operation plan selection more 

advantageous for decision maker. Additionally, simple utility of 

operation function enables real-time decision-making support for 

reservoir operation in practice. Finally, the research proved 
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applicability in upscale the model to negative operation of hydropower 

system. 

6. New findings  

Firstly, the research proposed operating function for hydropower 

reservoirs on Red river basin to support decision-making in multi-

reservoir operation. Secondly, the research developed optimization 

computation framework connecting models, Borg-MOEA algorithm 

and computation procedure dependent on Parameterization – 

Simulation – Optimization (PSO) to ensure high reliability in 

convergence of solution search. Besides, reservoir-downstream 

simulation system and analytic tools with open source code were 

developed to facilitate further research and application. 

CHAPTER 1. LITERATURE REVIEW ON RESERVOIR 

OPERATION OPTIMIZATION 

1.1. Introduction 

According to World Commission on Dams, many dams over the world 

have been operated without ensuring social-economic benefits as 

initial designed objectives, thus, reservoir operation need approaching 

multi-objective optimization and dynamic near-real time operation 

(WCD, 2000). Total active capacity of reservoirs in Vietnam is about 

3.7 billion m3, of which, 61 irrigation and hydropower reservoirs on 

11 river basins have been constructed and operated under multi-

reservoir operation rule (MONRE, 2012). Up to date, development of 

the operation rule has been completed, however, there are difficulties 

in applying the rule, thus, the rule should be more flexible to 

harmonize beneits and adapt climate contexts. A real-time operation 

solution having been developed with multi-objective optimization 
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approach will solve the challenging problem. Although researches on 

multi-objective optimization of reservoir operation have been carried 

out since 1950s, nevertheless, general methods for this field have not 

been established. 

1.2. Abroad researches 

Modelling answers the “What if” question. A number of tools could 

be mentioned such as HECRESSIM (Feldman, 1981, Wurbs, 1996), 

Acres (Sigvaldson, 1976), SSARR (USACE, 1987), WRAP (Wurbs, 

1993), Mike (DHI). In contrast, optimization model can solve the “If 

then” issues and it is diverse dependent on optimization technique and 

specific problem. There are particular tools such as LP, GAMS, 

CSUDP (Colorado University), etc. However, the gap between 

theoretical research and practical application still exists after decades 

of study (Yeh và Wurbs, 2002). There are several reasons for that 

problem: (i) Doubt about optimization; (ii) Limitation of computer 

hardware and software resources; (iii) Complexity of mathematics in 

optimization models (dynamic planning, for example); (iv) Many 

optimization models display disadvantages when accounting for risks 

and   uncertainties. Nonetheless, a lot of recent development such as: 

(i) Decision support system (DSS); (ii) Improvement in capacity and 

reduction of cost of computers, Internet, automation technology, 

artificial intelligence (fourth industry) have paved the way for 

innovative approaches. 

1.2.1. Optimization of multi-reservoir system 

a. Objective function: There are diversity of objective functions, for 

instance: 
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max (𝑜𝑟 min)∑𝛼𝑡 . 𝑓𝑡(𝑠𝑡 , 𝑟𝑡) +  𝛼𝑇+1. 𝜑𝑇+1(𝑠𝑇+1) 

𝑇

𝑡=1

 

 𝑓𝑡(𝑠𝑡, 𝑟𝑡) = ∑ 𝐾. 𝑒𝑖,𝑡(𝑠𝑖,𝑡 , 𝑠𝑖,𝑡+1, 𝑟𝑖,𝑡). ℎ̅𝑖,𝑡(𝑠𝑖,𝑡 , 𝑠𝑖,𝑡+1, 𝑟𝑖,𝑡). 𝑟𝑖,𝑡
𝑛
𝑖=1 . ∆𝑡𝑖,𝑡 

b. Constraints: For example, dynamic balance equation of the 

system: 𝑠𝑡+1 = 𝑠𝑡 + 𝐶. 𝑟𝑡 + 𝑞𝑡 − 𝐼𝑡(𝑠𝑡, 𝑠𝑡+1, … ) − 𝑑𝑡; volume limits : 

𝑠𝑡+1, 𝑚𝑖𝑛 ≤ 𝑠𝑡+1 ≤ 𝑠𝑡+1, 𝑚𝑎𝑥 (limits of physical volume, volumes of 

flood management, power 

production, tourism, 

environment, etc); and 

discharge limits: 𝑟𝑡, 𝑚𝑖𝑛 ≤ 𝑟𝑡 ≤

𝑟𝑡,max ( limits for physical 

discharge, erosion reduction, 

environment, water allocation, 

etc.) 

Additionally, there are other constraints in upstream and downstream 

include: water level, environment, etc. which change over time and 

each reservoir and they create large non-linear, discrete, non-

differentiable constraint system that has many local minimum and 

maximum values 

(Tauxe, 1980). 

c.Multi-objective 

optimization: 

Currently, reservoir 

system operation 

actually is required to 

meet multi-objectives 

consisting of electricity 

Figure 1-1. Example of multi-

reservoir system 

Figure 1-2 Normal solutions and Pareto 

solutions 
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production, flood management, water distribution, etc. and these 

objectives usually conflict each other. Therefore, multi-objective 

optimization requires simultaneous optimization of all conflict solving 

objectives. Solutions of optimization equation is Pareto surface which 

is defined as following: Pareto optimality is a state of allocation of 

resources from which it is impossible to reallocate so as to make any 

one individual or preference criterion better off without making at 

least one individual or preference criterion worse off (Vilfredo 

Pareto,1848-1923).  

1.2.2. Methodology for solving optimization equation 

Linear programming (LP): LP is widely-known classical method using 

Simplex algorithm (Dantzig, 1937). Advantages of LP are: (i) high 

performance in solving large problem; (ii) global optimization 

solution convergence; (iii) initial answer keys are not necessary; (iv) 

dualistic theory was well developed for sensitivity analysis; and (v) 

low computation cost. 

Non-linear programming (NLP): There are common effective NLP 

algorithms such as: (i) Sequent linear planning (SQP); (ii) Sequent 

quadratic planning (SQP); (iii) MOM; and (iv) Generalized reduced 

gradient (GRG). This approach has advantage of low computational 

load but the disadvantage is that global optimization solution 

convergence is not ensured.  

Dynamic programming (DP): DP is proposed by Bellman in 1957. DP 

can effectively exploit chain-mode decision system of reservoir 

operation optimization. In discrete mode, DP can overcome 

difficulties caused by non-linear, non-curved, discontinuous 

characteristics of objective and constraint functions. However, “curse 
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of dimensionality” problem (Bellman, 1961) in application of DP to 

multi-reservoir operation is number of computation situations is mn x 

T. Many computation methods have been studied to solve the problem 

such as: interpolation, DPSA, IDP, DDDP, etc. but they do not ensure 

global convergence. Nonetheless, trend of using general solution is 

coming back because of HPC computers. 

Heuristics programming (HP): 

This approach bases on “rules of 

thumb” or imitation of natural 

observation. HP is used to 

compute optimization to obtain 

qualitative and quantitative 

information, for instance, 

evolution computation (EC) 

includes GA (Holland, 1970s), 

NSGA (Deb, 2000), SCE (Duan, 

1994, etc. In comparison with 

conventional methods like LP, 

LNP, DP; HP is more 

advantageous for obtaining 

global optimization of a real 

issue rather than for a simplified problem (Maier, 2014). Moreover, 

due to independence of such simulation models, it is possible to add 

more objectives for multi-objective optimization and achieve Pareto 

surface with only one computation. BORG-MOEA developed by 

David Hadka and Patrick Reed in 2013 based on multi-objective GA 

platform and characterized by auto-adjusting and selecting search 

Figure 1-3: Basic diagram of 

genetic algorithm (GA) 
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algorithms is very potential for multi-objective optimization for 

reservoir operation. 

1.2.3. Methodology for multi-objective optimization for optimal 

reservoir operation  

  
Figure 1-4: Implicit Stochastic 

Optimization (ISO) 

Figure 1-5: Explicit Stochastic 

Optimization (ESO) 

1.3. Researches in Vietnam 

In Vietnam, there have been a number of researches on reservoir 

operation in Red river basin including: Prof. Ha Van Khoi and Le Bao 

Trung studied three reservoirs of Hoa Binh, Son La, Lai Chau on Da 

river; Prof. Hoang Thanh Tung applied Cristall Ball to proactively 

plan to operatate reservoirs; Prof. Ha Ngoc Hien researched about 

real-time flood management and electricity production; Institute of 

Water Resource Planning (IWRP) used GAMS to plan, manage and 

exploit irrigation system in upstream of Red river; Prof Nguyen Thanh 

Bang researched optimization of electricity plany system; Prof Ngo Le 

Long optimized Hoa Binh reservoir operation for flood control and 

electricity production; Optimization for Son La, Hoa Binhm Tuyen 

Quang reservoir using GA and Thac ba reservoir using SDP was 



 

- 9 - 

carried out by Politecnico di Milano (2016). Besides, there are 

researches on operation rule development performed by IWRP (2007, 

2013), Vietnam Academy for Water resources (VAWR) (2011) and 

newly developed operation rule QTVH 1622 of Institute for 

Meteorology, Hydrology and Climate change (2015). 

Moreover, there are studies on irrigation master plan in 2005, 2008, 

2012 and related researches such as: research on Da and Lo river 

impacts of Dr. Nguyen Lan Chau (2010), research on drought and 

water allocation of Prof. Le Kim Truyen (2007); Prof. Tran Dinh Hoa 

studied flow regulation (2010), Dr. Vu The Hai researched solutions 

to drought and salinity mitigation (2013), etc. 

CHAPTER 2. BASIS OF SCIENCE AND PRACTICE FOR 

OPERATION SOLUTION DEVELOPMENT  

2.1. Characteristics of the basin 

The river basin has area of 149,760 km2 (49% of area is in Vietnam). 

Total annual rainfall is 238.7 km3, of which 57.8% belongs to area in 

Vietnam. Rainy season occurring from May to September amounts to 

81% total rainfall, dry season lasting from October to May contributes 

19% of the rest. The river system consists of Da river, Thao river, Lo 

river and Red river delta in downstream and the tributary from Thai 

Binh river. Total annual flow is 112 km3, of which 45.2% originates 

from Da river. Seasonal pattern of the flow is the same as one of 

rainfall and the driest duration is from January to March. The system 

exhibits high hydropower potential, contributes 30% of national 

electricity demand. The basin also includes 650,000 ha of crop in the 

delta and Hanoi city which is politics-economy center of Vietnam.   

2.2. Characteristics of reservoir system operation 

Since end of 2016, hydropower plant system has been completed with 

six main reservoirs including Hoa Binh (1994), Thac Ba (1972), 

Tuyen Quang (2007), Son La (2012), Ban Chat (2013), Lai Chau 

(2016) (Figure 2-1; 2-2).  Total active capacity of the hydropower 

cascade is 18.92 billion, of which two largest reservoirs are Son La 
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and Hoa Binh reservoirs accounting for 66% of the capacity. Three 

reservoirs directly influencing downstream area are Hoa Binh, Thac 

Ba and Tuyen Quang which make up 46% of total capacity. The 

operation follows the rule: water accumulation phase (10/8-31/10), 

storage phase (1/11-31/12), discharge (1/1-28/2), discharge for 

electricity load (1/3-15/6) (H.M.Tuyen, 2013).  

 

Figure 2-1: Red river basin and reservoir system 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  
 

Hồ Hòa Bình Hồ Thác Bà 

Hồ Tuyên Quang Hồ Sơn La 

Hồ Bản Chát Hồ Lai Châu 

Figure 2-2: Parameters of large hydropower reservoirs 
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2.3. Influence factors to reservoir operation 

1. Flow from China 

2. Role of electricity production 

3. Ensuring water for downstream: Winter-Spring crop is main crop 

requiring irrigation in dry season, and agriculture amounts to 69% of 

6 billion m3 of water demand in dry season (crop, livestock, 

aquaculture, domestic use, industry, rural activities). Since 2003, due 

to serious riverbed erosion, reservoir operation for electricity 

production has not ensured standard water level of 2.2 m for irrigation 

in Hanoi. Reservoir discharge has had to be increased in Winter-

Spring crop. However, total discharge has increased while Winter-

Spring crop area has been unchanged. 

Table  2-1. Discharge and crop area in Winter-Spring season (TCTL, 

2014) 

 

4. Tidal and salinity impacts: Tide in downstream of Red river follows 

diurnal tidal mechanism, maximum tide amplitude reaches 3,5 ÷ 4,0 

m. Tidal peak in dry season is recorded at Hanoi station in 150 km 

inland.  

5. Contradiction between water allocation and electricity production: 

Capacity of hydropower plants depends on daily electricity load, and 

hydropower plants are responsible for peak of load. Electricity 

demand is lowest in January and February, but irrigation demand 
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increases during this time. Therefore, conflict between water 

discharge for such two demands is obvious. In November, December 

and March, electricity demand is still low, inflow and discharge are 

low, so water level decreases and salinity rises in downstream region. 

In April, May and June, electricity demand increases, inflow is large, 

discharge from reservoirs increase so all water demand in downstream 

is ensured. During drought event in 2010, discharge from reservoirs is 

cut off after releasing for Winter-Spring crop caused lowest water 

level within last 100 years. 

2.4. Methodology for developing optimization solution for 

reservoir system operation in Red river basin 

a. General consideration 

+ Operation of reservoirs in Red river basin is finding optimality of 

multi-objective function. 

+ Multi-objective functions could be synthesized to be two objective 

functions on electricity production and water provision. Of which 

objective function for water allocation should be assessed through 

water level at control point (Hanoi) to suitable for practice. 

+ In order to achieve a real time operation support solution in 

practice, the model should be developed at daily interval, operation 

functions should be simple, useful and appropriate to availability 

of data.  

+ Parameterization – Simulation – Optimization approach defines a 

operation function, then uses optimization techniques to obtain a 

collection of best parameters for a set of scenarios. Hence, it can 

reduce the challenges of ISO and ESO (Chang et al., 2005; Chen, 

2003; Momtahen & Dariane, 2007).  
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+ Borg MOEA is a modern and high efficiency algorithm due to its 

automatic adjustment of operations (Hadka, 2013). The research 

selects this algorithm for optimality computation of the system. 

b. Optimization computation framework for function 

development  

 

Figure 2-3- Optimization framework for identifying parameters of 

operation functions  

The framework is characterized by following advantages: 

+ Decisive variable is neither capacity nor discharge but parameter  

of operation function 𝑢𝑡
𝑘 = f(𝑠𝑡

𝑘, t, …), so it reduce searching 

scope of BORG. 

+ Physical restraints (capacity, hydraulic spill, turbine, etc.) and 

some obligatory operation rule related to environmental flow is 

included in function to make 𝒖𝒕
𝒌 possible and reduce 

computation cost. 

+ When the operation is applied into practice, the computation of 

operation function is divided into time steps and based on initial 

real state of the system so these functions can support decision 

making in real time.  
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4.3. Objective function and restraints 

a. Objective function: 

1. Maximization of electricity production of the system in dry season: 

FBđiện = Max ∑ αt
T
t=1 . ∑ [K. et

i . ρ. rtt
i . gn

i=1 . (H̅t
i − ht

i)]     

Where: n: number of reservoirs (n=6) ;T:  timespan (50 years), with a 

day interval (18250 time steps); αt: electricity production coefficient, 

αt = t x 1000 đ; t is ratio of electricity consumption to lowest 

consumption in dry season (Figure 2-4), lowest price of electricity is 

assumed as1000 đ/kwh; unit of the function is Vietnam dong; ei: total 

efficiency of turbines and generators of ith reservoir ( considered as 

constant 0,87 x 

0,93); rt𝑡
𝑖 : daily 

discharge of turbine 

of ith reservoir at 

time step t; g: 

gravity acceleration, 

9,81 m/s2; ρ: density 

of water, 1000 

kg/m3; K: unit conversion coefficient, K = 0.024; 𝐻̅𝑡
𝑖: average water 

level in upstream during timespan, it is a function of initial and last 

reservoir capacity; ℎ𝑡
𝑖 : Average water level in downstream during 

timespan, it is a function of discharge. 

2. Maximization of low water level (< 1,2 m) in Hà Nội : 

Ftb(hHN<1,2m) = max(
1

𝑇
∑ (ℎ𝑡

𝐻𝑁 ∗ 100)) 𝑖𝑓 ℎ𝑡
𝐻𝑁 < 120 (𝑐𝑚) 𝑇

𝑖=1  

Figure 2-4. Electricity production 

coefficient in dry season  
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Where: ℎ𝑡
𝐻𝑁: Water 

level in Hanoi at t, với 

ℎ𝑡
𝐻𝑁= f 

(𝑟𝑡
𝑖 , 𝑞𝑡

𝑘, τ𝑡 , ℎ𝑡−1
𝐻𝑁 , … ) (m); 

rt−1
i  : Discharge from 

three reservoirs of Hoa 

Binh, Thac Ba and Tuyen 

Quang at t-1; 𝑞𝑡−1
𝑘 : 

natural flow from conjunction after the reservoir to the control point; 

T: duration of dry season; τt : average tidal level at t recorded at Ba 

Lat station. 

b. Restraints 

1. Equation of water balance for reservoir system:  

𝑠𝑡+1
𝑖 =  𝑠𝑡

𝑖 +  C. 𝑟𝑡
𝑖 +  𝐼𝑡

𝑖 +  𝐸𝑡
𝑖 

𝑠𝑡
𝑖 , 𝑠𝑡+1

𝑖 :capacity of ith reservoir at t and t+1 respectively; 𝐼𝑡
𝑖: inflow to 

ith reservoir at t; C : matrix of reservoir connection; 𝑟𝑡
𝑖: discharge of ith 

reservoir at t; 𝐸𝑡
𝑖 : loss by evaporation of ith reservoir at t, it possibly 

equals 2. Restraint on physical storage and flood storage in the end of 

dry season: s
𝑡, 𝑚𝑖𝑛
𝑖 ≤  s𝑡

𝑖 ≤ s𝑡,𝑚𝑎𝑥
𝑖  và st

i ≤ ST
i ; 3. Discharge and 

environmental flow (QTVH 1622): 𝑟𝑡,𝑖
𝑚𝑖𝑛 ≤  𝑟𝑖,𝑡 ≤ 𝑟𝑡,𝑖

𝑚𝑎𝑥; 4. Water 

level in Hanoi is not lower than 2.2 m in Winter-Spring season  ℎ𝑡
𝐻𝑁 ≥

2,2 ,  t TWinter-Spring 

4.4. System simulation 

Figure 2-5. Coefficient 
t
 benefits of 

electric operation during 16-9 to 14-6 
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Figure2-6 System simulation diagram 

a. Simulation diagram: System simulation is divided into two main 

components: (i) Hydropower reservoir model includes reservoirs of 

Ban Chat, Lai Chau, Thac Ba, Tuyen Quang, Son La, Hoa 

Binh.Operation simulation is separated to two seasons: dry season 

simulation for decision-making support and optimization, flood 

season simulation for generating initial condition for next dry season 

following QTVH 1622; (ii) Downstream model results in water level 

at control point of Hanoi, downstream boundaries are tidal level and 

salinity at gates, water extraction procedure of irrigation system 

dependent on salinity and water level.  

b. Reservoir system simulation and operation functions  

 

NT1: Reservoir system model based on 

water balance for single reservoir  NT2: Ensuring decision making process 
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c. Downstream model: The model simulates water level in Hanoi 

under impacts of flow, tide, water extraction, salinity. Hydraulic 

salinity intrusion model should be used. However, the computation 

cost is high, e.g computation for 10-year timespan consumes up to 10 

hours. Downstream model replacing Mike 11 is proposed in form of 

neural network consisting of two layers, of which one hidden layer use 

tang hyperbolic activation function to reduce time for computation 

(Figure 2-7). 

 

Figure 2-7 Process of developing the downstream emulator 

 

𝑟 𝑡
𝑚𝑎𝑥 =  

𝑟𝑡𝑢𝑟𝑏𝑖𝑛_𝑚𝑎𝑥 +  𝑟𝑡𝑟𝑎𝑛_𝑚𝑎𝑥 +  𝑟đá𝑦_𝑚𝑎𝑥 𝑖𝑓 𝑧𝑡𝑙 >  𝑧𝑛𝑔𝑢𝑜𝑛𝑔𝑡𝑟𝑎𝑛  

𝑟𝑡𝑢𝑟𝑏𝑖𝑛max
+  𝑟đá𝑦_𝑚𝑎𝑥 𝑖𝑓 𝑧𝑡𝑙  ≤  𝑧𝑛𝑔𝑢𝑜𝑛𝑔𝑡𝑟𝑎𝑛 𝑎𝑛𝑑 𝑧𝑡𝑙 >  𝑧𝑐

0 𝑖𝑓 𝑧𝑡𝑙 ≤   𝑧𝑐

 

𝑟 𝑡
𝑚𝑖𝑛 =  

𝑟𝑡𝑢𝑟𝑏𝑖𝑛_𝑚𝑎𝑥 +  𝑟𝑡𝑟𝑎𝑛_𝑚𝑎𝑥 +  𝑟đá𝑦_𝑚𝑎𝑥 𝑖𝑓 𝑧𝑡𝑙 ≥  𝑧𝑀𝑁𝐷𝐵𝑇

𝑞𝑑𝑐𝑚𝑡 𝑖𝑓 𝑧𝑡𝑙 <  𝑧𝑀𝑁𝐷𝐵𝑇  𝑎𝑛𝑑 𝑧𝑡𝑙 >  𝑧𝑐

0 𝑖𝑓 𝑧𝑡𝑙 ≤   𝑧𝑐

 

NT3: ensure feasibility of decisions as constraints pre-embedded in the model 

𝑢𝑡
𝑘 = f(𝑠𝑡

𝑘, 𝜃𝑚𝑥𝑛 , 𝑆𝑌𝑆, 𝑟 𝑡
𝑚𝑖𝑛, 𝑟 𝑡

𝑚𝑎𝑥…) 

𝑉𝑡
min|max

 =  𝑟 𝑡
𝑚𝑖𝑛|𝑚𝑎𝑥

𝑑𝑡

𝑡+𝑏

𝑡

 

𝑟𝑡
𝑚𝑖𝑛|𝑚𝑎𝑥

= 𝑉𝑡
min|max

/k.  

𝑟𝑡
𝑘 =   

𝑢𝑡
𝑘  𝑖𝑓  𝑟𝑡

𝑚𝑖𝑛 ≤  𝑢𝑡
𝑘 ≤  𝑟𝑡

𝑚𝑎𝑥

𝑟𝑡
𝑚𝑖𝑛 𝑖𝑓   𝑢𝑡

𝑘 ≤ 𝑟𝑡
𝑚𝑖𝑛 ≤  𝑟𝑡

𝑚𝑎𝑥

𝑟𝑡
𝑚𝑎𝑥

 

NT4: Realization of decisions 
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CHAPTER 3. ASSESSMENT, ANALYSIS OF OPERATION 

SOLUTION DEVELOPMENT  

3.1. Results of reservoir system development  

a. Discharge functions rmax and rmin control computation for decision-

making. 

 

 

Figure 3-2. Simulation of water balance includes net inflow, storage 

and total discharge of Son La reservoir during dry and flood seasons. 

b. Water balance for system 

Figure 3-1.  Discharge functions 𝑟𝑚𝑎𝑥 , 𝑟𝑚𝑖𝑛 with one day interval of 

storage and inflow to Hoa Binh reservoir  
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Figure 3-3. Simulation of water balance includes net inflow, storage 

and total discharge of Hoa Binh reservoir during dry and flood 

seasons. 

c. Downstream model 

As mentioned in 2.4, Mike 11 model creates input data during 10-

year timespan simulation with hourly interval for equation: ℎ𝑡+1
𝐻𝑁 =

𝑓(ℎ𝑡
𝐻𝑁, 𝑞𝑡−1

𝑑𝑒𝑙𝑡, ℎ𝑡−1
𝐵𝐿 ,𝑊𝐷𝑡), where 𝑞𝑡−1

𝑑𝑒𝑙𝑡 is total average flow 

discharged to delta (m3/s); ℎ𝑡−1
𝐵𝐿  daily maximum tidal level (m) (lag 

time of about 1 day is estimated by Mike 11 model),  𝑊𝐷𝑡 is daily 

water demand (m3/s). In order to identify appropriate number of 

neurons, the research applied Netlab tool to train the network with 9 

criteria (Figure 3-4). In this research 10 neurons could result in very 

high correlation (R2 = 0.99522), low maximum and minimum errors. 

Moreover, 10 neurons are suitable because it cost low computation 

time. Total time consumption for 10-year simulation with daily 

interval is only 0.0003 s compared to 24 hours of computation of 

Mike 11 model. Validation results are shown in Figure 3-4. 
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Figure 3-4 Assessment of ANN with different numbers of neurons  

3.2. Assessment of Pareto optimality 

After 18 hours of computation with 3 million times of function 

assessment, Borg algorithm could find possible solutions at 

assessment step NFE = 26600, at NFE = 1e5, Pareto surface is 

established, and the surface is rapidly expanded at NFE = 2e6. From 

that point to NFE = 3e6, the expansion gradually decreased to 

unchanged state Figure 3-5. 
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Figure 3-5. Possible solutions and Pareto optimality development  

The experimental computation is implemented with 8 typical 

operation solutions in which water level and electricity production are 

respectively first and second priorities named as P350H1, P300H51, 

P250H101, P200H151, P150H201 P100H251, P50H301 and P1H350. 

The results show that benefit of electricity production from simulation 

solutions outperformed one from practical solution with 25÷28%. The 

improvement of 4÷11% of performance on low water level (<1.2m) 

happened in solutions of P350H1, P300H51, P250H101 and 

P200H151, however, all simulated solutions reduced number of 

violation events: 7÷20 events compared to 51 events in practice. 

Regarding lowest water level, all solutions excluding P1H350 

illustrated an improvement of 9 ÷ 64 %. Additionally, all solutions 

improve 40÷43% performance of average water level in dry season 
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(Table 3-1). Therefore, the solutions from P350H1 to P200H151 are 

proposed to be applied.  

Table 3-1 Comparison between performance of simulation and 

practical operation solutions from16/10/2015 to14/6/2016 

Optimal 

solutions 

Electricity 

benefit 

Average low 

water level 

(<1.2m) in Hanoi  

Number of 

1.2m-lower 

violation 

days 

Minimum water 

level in dry 

season in Hanoi 

Average water 

level in dry 

season in Hanoi 

(103 

billion 

VND) 

Impro

vemen

t (%) 

(cm) 

Impro

vemen

t (%) 

(d

ay

s) 

Impro

vement 

(%) 

(cm) 

Impro

vemen

t (%) 

(cm) 

Impro

vemen

t (%) 

P350H1 31.01 25.87 108.78 11.44 7 86.27 103.58 64.41 276.96 43.35 

P300H51 31.12 26.33 105.31 7.88 7 86.27 96.22 52.73 274.73 42.19 

P250H101 31.22 26.72 103.35 5.88 7 86.27 91.43 45.13 275.04 42.35 

P200H151 31.38 27.39 101.57 4.06 9 82.35 87.42 38.76 275.93 42.81 

P150H201 31.35 27.24 96.97 -0.65 14 72.55 86.89 37.92 274.34 41.99 

P100H251 31.39 27.43 96.27 -1.37 22 56.86 86.05 36.58 273.71 41.66 

P50H301 31.48 27.79 93.92 -3.78 23 54.90 69.19 9.82 274.32 41.98 

P1H350 31.57 28.14 81.70 -16.3 29 43.14 54.99 -12.7 272.22 40.89 

Observe 24.64 0.00 97.61 0.00 51 0.00 63.00 0.00 193.21 0.00 

 

CONCLUSION AND RECOMMENDATION 

1. Conclusion 

Climate change, extreme weather phenomena and social-economic 

growth have resulted in more pressure, contradiction and benefit 

conflict on Red river system. The completion of hydropower plant 

system on Red river is either key solution or challenge for problems 

in the area. 

In this study, the solution to multi-objective optimization with two 

contradict objective functions was proposed.  The research developed 

simulation system consisting of reservoir system model and 

downstream model which are appropriate to optimization and 

decision-making support of operation function. The research proposed 

an optimization computation framework connecting models and using 
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Borg-MOEA algorithm with parameterization-simulation-

optimization procedure. Optimization computation brought about 

Pareto surface with 350 solutions. All solutions were analyzed and 

assessed in dry season during 2015-2016. Real-time operation 

function displayed considerable improvement compared to practical 

operation; and it also showed high applicability in practice. 

2. Recommendation 

The research implemented many assumptions such as system is static 

(not account for topography change in future), impacts of flow from 

Hoa Binh to Son La is not taken into consideration. Moreover, the 

research focuses on solve the problem only in dry season, while in fact 

hydropower reservoir is required to give priority to electricity 

production. However, the developed model can be solved these 

problems in further research. 

Pareto solutions make condition for stakeholders to discuss about 

operation rule. Finally, the research proved PSO approach with key 

algorithm of BORG-MOEA is more appropriate to advanced 

optimization compared to other convention approaches like DP, NLP, 

etc. 
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