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Abstract: Under the influence of hydraulic uncertainty, the various operational safety risks exist in the short-
term hydropower generation scheduling and navigation inevitably. Therefore, it is very crucial to establish a 
daily power generation optimized method of hydropower stations with the navigation demands considered. The 
daily power generation optimized operation method was established for generation scheduling and navigation 
problems of Xiangjiaba hydropower station during the dry seasons. Taking the mutual feedback relationship 
between the Hydraulic coupling of power generation and navigation as the pointcuts, an improved genetic 
algorithm was put forward with maximizing daily power generation. A two-dimensional flow model was carried 
out to validate constraints since the complex flow field was located at the entrance area of the approach channel. 
With the help of the software MIKE21 FM, the flow field data, such as the water surface lines, flow velocity 
and direction, was obtained by the numerical simulation. The results showed that the daily power generation 
optimization and numerical simulation methods could achieve the maximized daily capacity of hydropower 
station under the premise that ensuring the safety of navigation.

1 Introduction 

Solving the impact of the unsteady flow generated by 
the daily peaking process of the Xiangjiaba 
hydropower station on the navigation to the 
downstream of the dam is the core task of ensuring the 
navigation safety downstream of the dam[1]. 
Xiangjiaba Hydropower Station is located in the Jinsha 
River Gorge at the junction of Yibin County of 
Sichuan Province and Shuifu County of Yunnan 
Province, with a controlled drainage area of 458,800 km   accounting for 97% of the Jinsha River Basin. 
The design and development of Xiangjiaba Reservoir 
is mainly based on power generation, while improving 
shipping conditions, taking into account flood control 
and irrigation, and has the effect of counter-regulating 
the Xiluodu Hydropower Station[2]. The normal 
water storage level of the reservoir is 380m, the dead 
water level is 370m, the storage capacity is 903 million 
m3, and it has seasonal adjustment performance. The 
flood control limit water level in flood season is 370m, 
and the flood control capacity is 903 million m3 [3]. 

Genetic algorithm is an important branch of 
evolutionary algorithm and belongs to the field of 
computational intelligence[4]. It has the 
characteristics of parallel computing and the ability of 
adaptive search. It can achieve global or quasi-global 

optimization from multiple initial points and multi-
path search, and it takes up less computer memory. It 
is especially suitable for solving large-scale and 
complex multi-dimensional nonlinear optimization 
problems. 

This paper combines the short-term power 
generation optimization scheduling model of 
Xiangjiaba Hydropower and discusses the 
implementation steps of the genetic algorithm. Due to 
the complicated flow field in the entrance area of the 
navigation channel downstream of Xiangjiaba, this 
paper uses MIKE21 FM to verify the numerical 
simulation of the navigation channel gate area, and 
obtain detailed flow field data such as water surface 
line, flow velocity and flow direction near the gate 
area. 

2 The maximum power generation 
model considering the navigation 
demands 
Effectively balancing the contradictory relationship 
between hydropower station operation mode and 
downstream shipping requirements and its efficient 
solution is the key to establishing a daily power 
generation plan for power plants that takes into 
account downstream shipping requirements during 
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dry season. The output of Xiangjiaba Hydropower 
Station is affected by the uncertainty of the incoming 
water during different dispatch periods during the 
year. In the non-flood period, the hydropower station 
generally undertakes the peaking task of the power 
system. In order to ensure the safety and stability of 
the power grid and the efficient operation of the 
hydropower station, the hydropower station The 
output should be consistent with the power system 
load curve[2]. To this end, fully consider the 
requirements of the power generation side and the 
demand side, and according to the shape of the load 
curve and the power generation capacity allocation 
schedule of the power station, the power output of the 
power station will be maximized under the premise of 
taking into account the downstream shipping. 

2.1 Objective function 𝐸 = 𝑀𝑎𝑥 ∑ 𝑁 (𝑄 , 𝐻 ) ∙ ∆𝑇        (1) 
Where ∆𝑇  represents the length of time in each 
period; T represents the total number of periods in the 
scheduling period; E represents the total power 
generation of the hydropower station during the 
scheduling period; 𝑁   represents the output of the 
hydropower station in the t period, where 𝑄 , 𝐻  represent The flow rate and head of the 
hydropower station during the time period t. 

2.2 Constraints 
(1) Reservoir water level constraint           𝑍 ≤ 𝑍 ≤ 𝑍               (2) ∆𝐷𝑍 ≤ 𝐷𝑍                 (3) ∆𝐻𝑍 ≤ 𝐻𝑍                (4) 

Where 𝑍   is the water level of the water station 
during the time period t; 𝑍  is the lowest reservoir 
water level of the water level station; 𝑍   is the 
highest reservoir water level of the water level station; 
∆DZ is the water level station in the dispatching cycle 
to get the reservoir water level variation; 𝐷𝑍   is 
the maximum allowable amplitude of the reservoir 
water level in the water level station during the 
dispatch period; ∆𝐻𝑍  is the water level variation of 
the reservoir in the water level station within a time 
period t; 𝐻𝑍   is the maximum allowable 
amplitude of the water level of the reservoir in the 
water level station within a time period t. 

（2）Reservoir storage constraints 𝑉 ≤ 𝑉 ≤ 𝑉             (5) 
（3）Power station head constraint 𝐻 ≤ 𝐻 ≤ 𝐻            (6) 
（4）Power station outbound flow constraint  𝑄𝐶 ≤ 𝑄𝐶 ≤ 𝑄𝐶          (7) 

（5）Power plant output constraint  𝑁 ≤ 𝑁 ≤ 𝑁              (8) 
（6）Stand-alone output and flow constraints 𝑃 ≤ 𝑃 (t) ≤ 𝑃            (9) 𝑄 ≤ 𝑄 (t) ≤ 𝑄          (10) 
（7）Water balance constraint 𝑉 = 𝑉 + (𝑄𝑅 − 𝑄𝐶 ) ∗ ∆𝑡    (11) 
（ 8 ） Daily variable amplitude and hourly 

amplitude constraint of downstream rivers 
 ∆𝑧 ≤ 𝑧 ,  ∆𝑧 ≤ 𝑧 ,      (12) 

2.3 Application steps of genetic algorithm 
Genetic algorithm is an adaptive global optimization 
probability search algorithm that simulates the 
genetic and evolutionary processes of living things in 
the natural environment[5]. In this example, it can be 
understood as: n 
sets of initial water discharge flow sequences 𝑄 , , 𝑄 , ，···，𝑄 , ；𝑄 , , 𝑄 , ，···，𝑄 ,  in the operating 
environment of Xiangjiaba Hydropower Station. 𝑄 , , 𝑄 , ，···，𝑄 ,  are subject to the above-mentioned 
model constraints, and their advantages and 
disadvantages are evaluated by the objective function. 
Fig. 1 shows a schematic diagram of the operation 
process of the genetic algorithm. 
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Figure 1. The operation process of genetic algorithm 
Genetic algorithm is a kind of stochastic 

optimization algorithm. It evaluates the chromosomes 
in the population and manipulates the genes in the 
chromosomes, and effectively uses the existing 
information to correct the direction of evolution, and 
finally converges to the "most adaptable to the 
environment" individuals. Converging to the global 
optimal solution, the main steps are: 

Step1:Determine the operational parameters of the 
genetic algorithm. 

Step2: Determine the decision variables and 
constraints. 

Equations (2)~(12) have given the decision 
variables and constraints for this problem. 
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Step3: Establish an optimization model. 
A mathematical model of this problem has been 

given by equation (1). 
Step4: Determine the encoding method. 
Because the short-term optimal scheduling of 

hydropower systems is a multi-dimensional and 
multi-linear optimization problem with complex 
constraints, floating-point coding is used. 

Step 5: Determine the individual evaluation 
method. 

It can be known from equation (1) that the value 
range of the objective function is always non-negative, 
and the optimization goal is to find the maximum 
value of the function, so the individual fitness F(Q) 
can be directly taken as the corresponding objective 
function value plus penalty. Function, which 
transforms the constrained optimization problem into 
an unconstrained optimization problem with the 
penalty function as the objective function. 

Step6: Randomly generate the initial population 
Q(0). 

Step7: Select operation. 
n the initial individual group, the number of 

individual individuals copied into the next generation 
group is determined according to the size of the fitness 
F(Q). The specific operation process is to calculate the 
fitness of all individuals in the group ∑ Fi(Q); secondly, 
calculate the relative fitness of each individual, 
Fi(Q)/∑ Fi(Q), which is for each individual. The 
probability of inheriting into the next generation 
group, each probability value constitutes a region, and 
the sum of all probability values is 1; finally, a random 
number between 0 and 1 is generated, according to 
which probability region the random number appears 
in. Determine the number of times each individual is 
selected. 

Step8: Crossover operation. 
The individuals resulting from the selection 

operation are cross-operated to create a new parent 
individual. For individuals using floating-point 
numbers, the crossover operation often uses a uniform 
arithmetic intersection, ie, the child generation is 
produced by a linear combination of the parent 
individuals. Suppose that the two parents to be crossed 
in the t-th generation group are: St(u)= (u1, u2,...,un), 
St(v)=(v1,v2,...,vn), then cross The resulting children 
are: 

St+ 1(v)= αSt(v)+(1-α)St(u) 
St+ 1(u)= αSt(u)+(1-α)St(v) 

Where α is a constant between 0 and 1. 
Step9: Variation operation. 
Mutation is an effective operator to increase and 

maintain the diversity of the group, and it is also an 

effective means to jump out of the local extremum and 
overcome the "premature convergence". In this paper, 
non-uniform variation is used to perform mutation 
operations on individuals in a population. 

Step 10: Convergence criterion decision. 
For this example, the convergence criteria are: ( ) ( )( ) < 𝜀          (13) 𝜀 = 0.01 
Convergence criterion determination is an 

important step to ensure the normal operation of the 
program and obtain the optimal solution. After 
Step7~Step9, a new generation group is generated. 
Applying equation (13) as the convergence criterion, 
if the convergence criterion is met, the best individual 
is output and converted. The optimal solution for real 
numbers. If not, turn to Step7 for the next round of 
genetic evolution search. 

3 Two-dimensional numerical 
simulation 

3.1 General situation of downstream project of 
Xiangjiaba 

The Xiangjiaba hydropower station which is located 
in Shuifu county (right bank) of Yunnan province and 
Yibin county (left bank) of Sichuan province is the last 
hydropower station of the Jinsha River.The xiangjiaba 
hydropower station mainly generates electricity, and 
simultaneously improves navigation conditions, 
prevents or controls flood, irrigates, controls soil 
erosion and reverses adjustment for Xiluodu 
hydropower station. 

The Xiangjiaba separates the approach channel 
from the main channel through the water-dividing 
dike to ensure the stability of water flow in the 
approach channel.  

The water-dividing dike which is about 793m long, 
is composed of three parts. The upper is 380m long, 
from the tail-bay along the channel direction; The 
middle is a 167m long arc whose radius is 320 m, 
degree is 30; The lower part is 240m long, tangent to 
the arc section and parallel to the direction of the river. 
The width of the channel at the end of the approach 
channel is 60m, and its layout is shown in Fig. 2. 
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Figure 2. The layout of approach channel 

3.2 Principle of mathematical model 

3.2.1 Governing equations 

Mike 21FM two-dimensional planar flow model 
which is based on the constant fluid density, 
incompressible characteristics and Navier-Stokes 
equations [6] does not consider coriolis force, waves, 
wind forces, evaporation, rainfall, etc. Its governing 
equation is as follows: + + = 0             (14) + 𝑢 + 𝑣 = 𝑓𝑣 − 𝑔 − 𝑔𝑆 , +𝑣 ℎ + 𝑣 ℎ                (15) + 𝑢 + 𝑣 = 𝑓𝑢 − 𝑔 − 𝑔𝑆 , +𝑣 ℎ + 𝑣 ℎ              (16) 

Where 𝑢(𝑥, 𝑦, 𝑡) and  𝑣(𝑥, 𝑦, 𝑡)  are the velocity 
components in the horizontal 𝑥 and 𝑦  directions 
respectively; ℎ denotes the depth of water; 𝜂(𝑥, 𝑦, 𝑡) represents the water surface elevation；𝑔 is 
the gravitational acceleration, 𝑓  is the Coriolis 
parameter and 𝑣   represents the coefficients of 
horizontal eddy viscosity in the momentum equation; 𝑆 ,  and 𝑆 ,   are bed resistance in the 𝑥  and 𝑦 
directions respectively, which can be expressed as 
follows: 𝑆 , = /                (17) 𝑆 , = /                (18) 

where 𝑛 is the roughness coefficient. 

3.2.2 Solving method 

To fit the irregular channel boundary, a two-
dimensional shallow water equations based on 
unstructured grid was used. The pressure gradient 
term in the momentum equations was discretized by 
the semi-implicit method, which eliminates the 
stability condition constraint caused by the fast 
surface gravity wave. The convection terms were 
solved by using the Eulerian–Lagrangian method 

(ELM), and the calculated time step was not limited 
by the stability condition of the Courant number 
associated with grid scale. The continuity equation 
was discretized by finite spatial method, which could 
guarantee conservation of volume water strictly. 
Finally, the model was characterized by strong 
boundary adaptability, good numerical stability and 
high efficiency [7]. 

3.3 Numerical simulation 

3.3.1 Model establishment and mesh generation 

According to the measured sections data of Jinsha 
River between Xiangjiaba and the downstream 
boundary and the plane design drawing of the 
approach channel engineering, the geometric model 
was established as shown in Fig. 3. The width of the 
model was 55m as the width of the approach channel 
and the length was 120m which is twice the length of 
the push-train. 

Considering the shape characteristics of the 
entrance area, the unstructured triangular grid was 
used in the simulation and the grid generation was 
shown in Fig. 4. In addition, the grid encryption was 
carried out at the entrance of the approach channel to 
obtain more accurate local flow field conditions. The 
total number of model cell grids was 1698, the number 
of cell nodes was 1008, the minimum area of the cell 
grid was 28.46m2, and there were 287 grids with an 
area of less than 40m2, accounting for 16.9% of the 
total grids. 

 
Figure 3. Model area schematic diagram 

 
Figure 4. Mesh generation. 
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3.3.2 The boundary conditions 

The upstream inlet of the model was set as the impulse 
boundary, and the downstream export was set as the 
water level boundary [6].On the basis of the project 
design information, the simulated river in this paper was 
a natural channel, the river channel rough rate was 0.032, 
and the eddy viscosity coefficient was 0.28.The 
influence of tides, precipitation, wind, evaporation, 
seepage and waves were ignored in the integrated 
numerical model and the coriolis force was not 
considered. In order to verify whether the approaching 
flow of the hydropower generation scheduling meets the 
requirements of downstream navigation, the simulation 
period was 24h and the time step was 15min. 

3.3.3 Selection of simulated conditions 

The water level, flow data and the initial downstream 
water level of the five days' schemes for short-term 
hydropower generation during the dry seasons were 
selected for the numerical simulation. The changes of 

flow under five days' conditions were shown in Fig. 5. 

 
Figure 5. Flow of five days 

 

 

 

 

 
 

 
Figure 6. Flow field analysis 

3.3.4 Calculation results 

In the entrance area of the downstream approach 
channel, a vertical section was arranged along the axis 
of the approach channel, which was parallel to the 
approach channel. The first monitoring point was 
arranged at the exit boundary of the approach channel, 
a total of 6 monitoring points, with the distance 
between the monitoring points at 30m. The last one 
was arranged at 150m away from the exit boundary 
towards the downstream and each monitoring point 
was located at the midpoint of the river bottom. 

According to the input conditions of the five days' 
working conditions, the numerical simulation results 
were shown in Table 1. 

Table 1. Numerical simulation results of five days 

 Reflux 
condition 

Longitudinal 
velocity 
（m/s） 

Transver
se 

velocity
（m/s） 

Frist day 0.4m/s 0.42-1.32 0.09-0.48 

Second 
day 0.4m/s 0.41-1.30 0.09-0.45 

Third day 0.4m/s 0.41-1.30 0.09-0.47 
Forth day 0.4m/s 0.42-1.34 0.09-0.48 
Fifth day 0.4m/s 0.43-1.35 0.09-0.49 
The isoline of water level, longitudinal velocity 

and transverse velocity at the entrance area of 
approach channel on the frist day were shown in Fig .6. 

Studies have shown that the maximum 
longitudinal velocity is 2.7m/s, the maximum 
transverse velocity is 0.45m/s [8], and the maximum 
reflux velocity is 0.4m/s, among the requirements for 
the flow conditions of the channel. 

From analysis results, the longitudinal velocity of 
five days is less than the maximum limit, and the 
reflux velocity is less than the maximum limit. 
However, only the transverse velocity of the second 
day can meet the maximum transverse velocity, and it 
of the other days cannot meet the navigation 
requirements. Therefore, the day scheduling plan of 
the second day is determined to meet the maximum ≤

≤
≤
≤
≤
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power generation and meet the navigation 
requirements. 

4 Conclusion 
On the basis of determining the navigation constraints 
in the downstream of Xiangjiaba hydropower station, 
a short-term optimal operation method for 
hydropower station with constraint treatment of 
hydraulic factors in combination with the two-
dimensional hydrodynamic model is proposed, which 
can effectively guarantee the downstream shipping 
requirements of hydropower station. An improved 
genetic algorithm is used to find the optimal solution, 
to obtain the short-term hydropower generation 
scheduling for maximum power generation. Then, 
through the hydraulic elements such as flow rate and 
water level, the connection with the two-dimensional 
hydraulic model is established, and the navigation 
requirements of the hydraulic elements are verified in 
real time. Finally, the scheme of daily optimal 
operation and navigation of the power station can be 
obtained. 
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