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Abstract: This study proposes a heuristic algorithm to connect with simulation model for searching 
the optimal reservoir rule curves. The proposed model was applied to determine the optimal rule 
curves of the Ubolratana reservoir (the Chi River Basin, Thailand). The results showed that the pattern 
of the obtained rule curves similar to the existing rule curve. Then the obtained rule curves were used 
to simulate the Ubolratana reservoir system with the synthetic inflows. The results indicated that the 
frequency of water shortage and the average water shortage are reduced to 44.31 and 43.75% 
respectively, the frequency of excess release and the average excess release are reduced to 24.08% and 
22.81%.  
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INTRODUCTION 

 
 An integrated water resources management of 
demand and supply management is addressed in the 
possible practice and high efficiency. To manage the 
supply side, a reservoir simulation model is widely used 
to analyze the behavior of a system on the computer. 
Reservoir rule curves are fundamental guidelines for 
long term reservoir operation. Often, they are searched 
by reservoir simulation model and optimization 
techniques. Firstly, the rule curves are obtained from 
trial error of rule curves in reservoir simulation 
model[1]. This method is straightforward and applicable 
for both simple and complex systems. However, the 
reservoir simulation method does not guarantee to yield 
the optimal rule curves because of the experienced 
person.  
 A Dynamic Programming (DP) is another 
optimization technique applied to search the non-linear 
problems of water resource[2-4]. Unfortunately, the 
application of DP to multi-reservoir system is limited 
due to a dimension problem. To overcome this problem 
Chleeraktrakoon and Kangrang[5] applied the DP with a 
principle progressive optimality (DP-PPO) to determine 
the optimal rule curves. However, this technique is 
complicated application.  
 Last decade, Genetic Algorithms (GAs) has been 
applied to search optimal rule curves of the reservoir 
system[6-9]. The best part of GAs is that they can handle 
any type of objective function. Furthermore, the 

proposed model can handle any condition of reservoir 
simulation such as initial reservoir capacity and the 
period of inflow record. The accepted objective 
functions are a shortage index, frequency of water 
shortage, average water shortage and magnitude of 
water deficit. However, the appropriate objective 
function for searching the curves is average water 
shortage. Also, a smoothing function constraint is 
required to include into the proposed GAs for fitting the 
rule curves[10]. However, GAs is complex to 
optimization technique because this method is 
complicacy for creating multi-computation to analysis 
the optimal reservoir rule curves. 
 A Heuristic Algorithm (HA) is an optimization 
technique which belongs to the family of local search. It 
is a relatively simple technique to implement, making it 
a popular first choice. The heuristic algorithm begins 
with one initial solution to the problem at hand, usually 
chosen at random. The string is then mutated and if the 
mutation results in higher fitness for the new solution 
than for the previous one, the new solution is kept, 
otherwise, the current solution is retained. The 
algorithm is then repeated until no mutation can be 
found that causes an increase in the current solution's 
fitness and this solution is returned as the result[11-13]. 
 This study proposes a heuristic algorithm to 
connect with simulation model for searching the 
optimal reservoir rule curves. A minimum average 
water shortage was used be the objective function for 
searching procedure. A smoothing function constraint is 
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applied to fit the obtained rule curves. The proposed 
model was applied to determine the optimal rule curves 
of the Ubolratana reservoir (the Chi River Basin, 
Thailand).  
 

MATERIALS AND METHODS 
 
Simulation model: The developed simulation model in 
the previous study[10] was adopted to modify in this 
study. This simulation model had been constructed on 
the concept of HEC-3[14] and it can be used to simulate 
the reservoir operation. The reservoir operating policies 
are based on the rule curves of individual reservoirs and 
the principles of water balance concept. The reservoir 
system operated along the standard operating policy as 
expressed in Eq. 1: 
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which Rν,τ is the release discharges form the reservoir 
during year ν and period τ (τ = 1 to 12, representing 
January to December), Dτ is the water requirement of 
month τ, xτ is lower rule curve of month τ, yτ is upper 
rule curve of month τ, and Wν,τ is the available water 
calculated  by  simple  water  balance as described in 
Eq. 2: 
 
 , 1 , , ,W S Q R E DSυ τ+ υ τ υ τ υ τ τ= + − − −  (2) 
 
where, S�,τ is the stored water at the end of month τ, 
Q�,τ is monthly reservoir inflow, Eτ is average value of 
evaporation loss, and DS is the minimum reservoir 
storage capacity (the capacity of dead storage). In the 
Eq. 1, if available water is in a range of the upper and 
lower rule level, then demands are satisfied in full. If 
available water over the top of the upper rules level, 
then the water is spilled from the reservoir in 
downstream river in order to maintain water level at 
upper rule level. If available water is below the lower 
rule level, a reduction of supply is required. The policy 
usually reserves the available water (Wν,τ) for reducing 
the risk of water shortage in the future, when 

,0 W x Dυ τ τ τ≤ < − .  
 The results of reservoir simulation are the 
situations of water shortage and excess release water 
such as the number of failure year, the number of 
excess release water and the average annual shortage. 
They will be then recorded for using in developed HA. 
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Fig. 1: Integration of heuristic algorithm and 

simulation model 
 
Heuristic algorithm model: The heuristic algorithm 
begins with one initial solution to the problem at hand, 
usually chosen at random (lower rule curves and upper 
rule curve). Those initial solutions were used in the 
simulation model. Then, it was calculated water release 
in each months based on random rule curves for 
monitoring water storage as an objective function. For 
this study, the minimum average water shortage 
(MCM/year) was used as an objective function of 
searching rule curves as following. 
 

  ƒ ( )
n

v
v 1
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n Sh
=
�  (3) 

 
where, n is the total number of considered year. Sh� is 
water deficit during year �. (year that release does not 
met 100% of target demand). 
 The assessment intervals of water shortage and 
excess release characteristics for new curves are 
simulation model comparison with the previous rule 
curves. If objective function of new curves less than 
theirs previous curves, this random rule curves is 
accepted. On the other hand, the new rule curves are 
generated based on the previous rule curves. The 
process will be stopped when the comparison between 
old objective function and current objective function 
does not difference (Fig. 1). 
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Fig. 2: Location of the ubolratana reservoirs 
 

ILLUSTRATIVE APPLICATION 
 
 The developed model was applied to search the 
optimal rule curve of the Ubolratana Reservoir located 
in the northeast region of Thailand. Figure 2 shows the 
locations of the Bhumibol, Sirikit and Ubolratana 
Reservoirs.  
 As shown in Fig. 3, the schematic diagram of flows 
within the total drainage basin of the Ubolratana 
reservoir system. The Ubolratana Reservoir has the 
capacity of 2,263 MCM, the normal water level 182 m 
(MSL.) and the dead storage 410 MCM at 174 m 
(MSL). The available water was released for electrical 
generator, water supply, industrial demand and 
irrigation demand (the Nong-Wei irrigation project). 
This project has agricultural area 41,504 hectares. The 
inflow records of station UBR (1958-2003) were 
considered. Furthermore, the other hydrological data for 
each month included series of evaporation losses and 
precipitation of the reservoirs and those of side flows 
were used for reservoir simulation.  
 The obtained rule curves were applied to the Monte 
Carlo simulation for evaluating the efficiency of the 
HA. The results were compared to the situations of 
water shortage and excess release (e.g., frequency, 
magnitude and duration). The Monte Carlo simulation 
study against 500 samples of generated monthly flows 
for stations UBR[15] was used to compute the interval 
(mean±standard deviation) of the referred statistics for 
the assessment. 
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Fig. 3: Schematic diagram of flows in the Chi River 

Basin 
 
 In the following, the obtained assessment results of 
the considered water-deficit and excess-release 
properties for existing and HA cases were presented. 
 

RESULTS AND DISCUSSIONS 
 
 Figure 4 shows the optimal rule curves of Heuristic 
Algorithm connected simulation with the smoothing 
function constraint. The pattern of the new rule curves 
is similar to the existing curves of the simulation. Then 
obtained rule curves were used to simulate the 
Ubolratana reservoir system. The monthly inflow were 
generated by SVD (MAR 1)[15] for evaluating water 
shortage and flood frequency. The results are shown in 
Table 1. The results show the circumstances of water 
shortage and flood frequency (frequency of water 
shortage, average water shortage, the frequency of 
excess water and the average water release). The 
frequency of water shortage, the average water shortage 
and the maximum water shortage of rule curve’s HA 
are 0.450±0.030 time/years, 18±9 MCM/year and 
607±54 MCM/year respectively. The flood frequency 
of excess water release, the average excess water 
release and the maximum excess release of rule curve’s 
HA are 0.640±0.063 time/years, 917±143 MCM/year 
and 3,332±608 MCM/year respectively. The results 
indicated that the frequency of water shortage and the 
average water shortage are reduced to 44.31 and 
43.75% respectively, the frequency of excess release 
and the average excess release are reduced to 24.08 and 
22.81% respectively. However, the average and 
maximum duration of water shortage and excess release 
in the both techniques are not different significantly. 
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Table 1: Frequency, magnitude and duration of water shortage for all inflow record types  
 Rule curves   Magnitude (MCM/year) Duration (year) 
 ----------------------------- Frequency ------------------------------------ -------------------------------- 
Situations   (times/ year) Average Maximum Average Maximum 
Water shortage  Existing µ 0.808 32 204 2.2 3.7 
  σ 0.082 14 32 0.7 1.8 
 HA µ 0.450 18 607 1.8 3.1 
  σ 0.030 9 54 0.7 1.4 
Excess release  Existing µ 0.843 1,188 4,446 8.8 17.2 
  σ 0.073 194 1,825 5.6 7.0 
 HA µ 0.640 917 3,332 9.2 17.4 
  σ 0.063 143 608 7.6 8.6 
µ = Mean; σ = Standard deviation 
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Fig. 4: Optimal rule curves of the Ubolratana Reservoir 
 

CONCLUSIONS 
 
 Rule curves are necessary guides for long term 
reservoir operation. The optimization techniques 
applying to search the optimal rule curves include 
simulation model dynamic programming and genetic 
algorithm. This study proposed a heuristic algorithm 
connected simulation model to search the optimal rule 
curve. The smoothing-function constraint was used to 
fit rule curve. The proposed model was applied to 
determine the optimal rule curves of the Ubolratana 
reservoir (in the northeast region of Thailand). The 
results showed that the pattern of the obtained rule 
curves similar to the existing rule curve. Then the 
obtained rule curves were used to simulate the reservoir 
system. The results indicated that the frequency of 
water shortage and the average water shortage are 
reduced to 44.31 and 43.75% respectively, the 
frequency of excess release and the average excess 
release are reduced to 24.08 and 22.81% respectively. 
However, the average and maximum duration of water 
shortage and excess release in the both techniques are 
not different significantly. 
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