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Abstract: Rule curves of reservoir are necessary guides for long term reservoir operation. The 
objective of this research is to improve the rule curves of small reservoir in rural area in Thailand 
which struggles with floods and draughts caused by climate conditions. The Kaeng Loeng Chan 
reservoir was considered to improve their rule curves. The calculations are based on a simulation 
model using Genetic Algorithms and the water balance equation (GAs-WB) with the objective function 
of a minimal average annual water shortage. The results have shown that the pattern of the obtained 
rule curves similar to the existing rule curve. The obtained rule curves were used to simulate the Kaeng 
Loeng Chan system for evaluating the situation of water deficit and flood release in long term 
operation considering synthetic inflow as well as increased inflow of 10%, 20% and 30%. The results 
have indicated that the situations of water shortage and excess release of the new rule curves are 
smaller than theirs existing rule curves.  
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INTRODUCTION 

 
 Nowadays, water deficit and flood plan are still serious problems in Thailand especially in the Northeast 
region. Integrated water resources management including demand and supply management is accepted method 
to solve these problems. These managements are addressed in the possible practice and high efficiency (Dooge, 
2002; Panahi, et al., 2009). In the supply management, a reservoir simulation model is widely used to analyze 
the behavior of reservoir system on the computer. The required data for simulation model are inflow, rainfall, 
evaporation, infiltration, and physical characteristics of reservoir (Haghizadeh, et al., 2010). However, there are 
lacking some data in small reservoir system such as inflow record, the water shortage and flood situations on 
downstream area are increasing consequently.  
 Rule curves of a reservoir system are necessary monthly guides to those responsible for reservoir operation 
to achieve the minimum of water shortage and flood event in the long run. The curves indicate either the interval 
(i.e., upper and lower bounds) of required water levels or desired storage volumes of each reservoir at any 
particular month. The searching of the optimal rule curves is a non-linear optimization problem. The 
optimization techniques applying to search the optimal rule curves included simulation model, dynamic 
programming (DP), simulated annealing algorithms (SA) and genetic algorithm (GA). These optimization 
techniques were connected with reservoir simulation models for searching procedure. The efficiency of the 
proposed techniques was evaluated by using the obtained rule curves in reservoir simulation models with the 
synthetic inflow. However, these are limited for small reservoir lacking some input data.  
 In the past, the rule curves are obtained from reservoir simulation model by trial error process (Jain, et al., 
1998). This method is straightforward and applicable for both single multiple reservoirs. However, the reservoir 
simulation method does not guarantee to yield the optimal rule curves because of the experienced person who 
adjusted the rule curves. In addition, this method is difficult to connect with complicate system.  
 Dynamic programming (DP) is another optimization technique that applied to search the non-linear 
problems of water resource as well as to search the optimal rule curves (Esogbue, 1989). The DP is suitable for 
the rule curves search of monthly and weekly durations. However, there are limited conditions on these search 
techniques such as the dimension problem of DP.  
 Genetic algorithms (GAs) are based on the theory of Darwinian evolution. It is a way to solve complex 
problems with little information and no need of an exact solution. The result of GA calculation is always an 
approximate value which best meets the objective function. GA contains stochastic functions which mean that 
every run produces different results. It can be used for linear or nonlinear problems, with constraint or without. 
It maintains a population of solutions which are encoded in chromosomes. During reproduction new population 
members are created by recombination and mutation. Thus, GA is another search technique that applied to 
search optimal rule curves of the reservoir system (Chen, 2003; Chang, et al., 2005; Adib and Tagavifar, 2010). 
The best part of GAs model is that it can handle any type of objective function of the search. In addition, the 
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applied GAs can handle any condition of reservoir simulation such as initial reservoir capacity and the period of 
inflow record. 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 (Kangrang 
and Chaleeraktrakoon, 2007). However, there are limited conditions on these search techniques such as the 
complicate process of GAs.  
 The objective of this paper is to improve the rule curves of a small reservoir in a rural area in Thailand 
which struggles with floods and draughts caused by climate conditions. The calculations are based on a 
simulation model using Genetic Algorithms and the water balance equation (GAs-WB) with the objective 
function of a minimal average annual water shortage. The proposed model was applied to improve the rule 
curves of the the Kaeng Loeng Chan reservoir (in Maha Sarakham, Thailand). 

 
 

MATERIALS AND METHODS 
 
The study area: 
 Maha Sarakham is a province in central Isan and the provincial capital is the town of Maha Sarakham, 
Thailand as present in Figure 1. The water management in this area is performed by a governmental district 
office and a dam office. In former times, flooding of the surrounding the area of Muang Maha Sarakham (city), 
was normal and didn’t cause serious damage. But as the town started growing along its main traffic routes and 
the habitants were affected it became a more serious problem. During the years 2000 to 2002 big partly 
urbanized areas, were flooded. The spill capacity was extended by the addition of a new channel which 
discharged the spill to the Northwest, into the Chi River as shown in Figure 2. Because of the periodic flooding 
and drought, the farmers depend on pumping stations from rivers and reservoirs for their water supply. In some 
areas it is possible to grow rice only once a year because of the drought. The groundwater level is about 60 
meter below the surface, therefore it would be too costly to exploit. These results as a balancing act: In the dry 
season, the main aim is to store enough water in the reservoir to guarantee water supply throughout the dry 
period. During the rainy season, between June and October, the aim is to release excess to prevent flooding but 
storing enough to have adequate reserves. 
 The flood control, for the fast growing area between Maha Sarakham and the Chi River, is ensured by the 
Kaeng Loeng Chan Dam. One main channel leaves the reservoir to the Northeast. This channel is split into two 
arms: one arm goes the North to the Chi River, and the second flows to the Eastern areas and enters the Chi 
River further down. 
 

 
 
Fig. 1: Location of Maha Sarakham province, Thailand. 
 
Reservoir Operation: 
 The operation of the reservoir is dictated by rule curves which are derived from historical data of river 
flows, rainfall, evaporation, evapotranspiration and water demands. Hence, they specify the highest and the 
lowest capacity that the reservoir should be operated to in order to the planning objective. Calculations could be 
based on water-level or, like in this case, on capacity in Million cubic meters (MCM). In this study, there are 
two rule curves which theirs planning objective: (1) Flood control (Upper rule curve), Defines the drawdown 
required to assure adequate space to restore the anticipated demand without causing downstream flooding 
(Maximum Capacity) (2) Critical rule curve (Lower rule curve), Defines how deep a reservoir can be lowered in 
order to meet the firm water acquirement during the poorest water conditions on record (Minimum Capacity). 
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Fig. 2: Location of the Kaeng Loeng Chan Reservoir. 
 
Simulation model: 
 The simulation model, realized with Mathlab, is based on the calculation of Rule Curves of Sirikit and 
Bhumibol Reservoir which was developed by (Kangrang and Chaleeraktrakoon, 2008) and US Army Corps of 
Engineers., 1974. With a storage capacity of 9,500 and 13,462 MCM (million cubic meters) respectively, these 
two reservoirs are the largest in Thailand. The considered dam in this study, Kaeng Loeng Chan Reservoir, is 
very small in comparison–8 MCM, therefore some adaptations of the existing simulation model had to be made.  

The matlab programming implements several M-Files which perform the genetic algorithm step by step. 
The structure is as follows: 

 binary.m (key in probability of crossover, mutation, number of generations and bit; definition of 
boundaries, creation of output files: Gen_val.xls and Rule_Curves.xls) 

  simpleXover.m (Create children by crossing over the parents chromosomes) 
 binaryMutation.m (Variation of one bit on a random position) 
 maxGenTerm.m (Check if max number of Generation is already reached) 
 roulette.m (Selection with spinning wheel) 
 gaMichEval.m (set upper and lower rule curve and objective function) 
 simulation_run.m (Initial condition and Reservoir characteristic) 
 import_simulation.m (Import data in text file format: inflow, irrigation, water supply, effective rain, 

evaporation rate and  precipitation) 
 duplicate_data.m (duplicate the av. data of every year) 
 main_simulation_initial.m (netto demand, evaporation loss  
 and available water computing) 
 total_release.m (release, spill, excess release and capacity at the end of the month) 
 After computing the defined number of generations the algorithm stops and the Rule Curve and the Average 
annual water shortage (which is the objective function) for every generation, is issued in two excel files. 
 
Management of Release from reservoir: 
 The reservoir system operated along the standard operating policy and water balance equation was 
expressed: 
  

, 1 , , ,Av S Q Re E DS                                                                                                                      (1) 

 
 which Av, is the available water; Re, is the release discharges from the reservoir during year  and period 
 ( = 1 to 12, representing January to December); Sυ, is the stored water at the end of month ; Qυ, is monthly 
reservoir inflow; E is average value of evaporation loss; and DS is the minimum reservoir storage capacity (the 
capacity of dead storage). In the Equation (1), different situations require different management of release as 
shown in Figure 3 and the following criteria. 
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1. URC < Av – Dm (blue box): 
 Inflow is so high that the available water, after deducting demand (Dm), is higher than the predefined 
capacity of the rule curve. Therefore the difference between the upper rule curve (URC) and the available water 
after deducting demand leave the reservoir as spill. 
 
2. LRC < Av-Dm < URC (yellow box): 
 Available water, after deducting demand, moves between upper- and lower rule curve (LRC). As the 
predicted storage is as much as the rule curves predefine, the demand can be satisfied and no further release is 
necessary. 
 
3. Av - Dm < LRC (red box): 
Available water, after deducting demand, is less than the lower rule curve is suggesting. It is evident that the 
demand will not be satisfied and has to be reduced.  
 For a small reservoir like Kaeng Loeng Chan, it was not possible to use this formula. Although the available 
water is higher than the LRC, the demand is so high that the water-level would fall below the level of the dead 
storage; this produces negative values in the existing formula. The formula had to be revised to take the demand 
into consideration.  
 

Av×2-Dm+DS
Re

LRC+Dm+DS
                                                                                                                                        (2) 

 
 Number of 2 is a weighing factor. The dead storage minimizes the possibility of negative values. The 
calculated release (reduced demand) has to be compared with available water, in case there is even not enough 
disposable, just available water can be used. 
 The release water of the reservoir was used to calculate the situations of water shortage and flood, namely, 
the number of failures in a year, the number of flood, as well as the average annual shortage. The average annual 
shortage was used as the objective function of GAs-WB search for each generation.  
 

URC < Av‐Dm Re = Av ‐ URC

LRC <  Av‐Dm < URC 

Av‐Dm < LRC

Re = Dm

>Av
or
<0 

Re = Av
Av*2‐Dm+DS
LRC+DS+Dm

 
 
Fig. 3: Criteria of Release from reservoir. 
 
Illustrative Application: 
Inflow: 
 The Inflow into Kaeng Loeng Chan Reservoir is a sum of rain on the considered watershed area and the 
spill from Khok Ko (which is the upstream Reservoir). Rain data from both Reservoirs are available for 17 
years, which reaches from 1992 to 2008. Spill data from Khok Ko Reservoir is calculated with the obtained 
information by using the water balance equation. The historic monthly inflow into Kaeng Loeng Chan Reservoir 
is present in Figure 4. 
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Fig. 4: Location of the Kaeng Loeng Chan Reservoir. 
 
Evaporation: 
 The average potential evaporation rate, which is ascertained with an evaporation pan, is provided by the 
dam office and has the dimension of mm per month. The actual amount of water evaporated every month 
depends on the surface area of the water. As reservoir content is a known variable, calculated by the water 
balance equation, a function to describe the connection between content and surface (shown in Figure 5) can be 
made. 

  

Correlation between dam content and surface area

Area = -0.0138x2 + 0.4733x + 0.3992
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Fig. 5: Location of the Kaeng Loeng Chan Reservoir. 
 
Rain: 
 The same area function is used to compute the amount of water added to the reservoir every month, from 
the rain falling on the surface of the artificial lake. 
 
Demand: 
 As there are no complete recorded outflow data, the future demand was obtained by using the average 
monthly demand for irrigation of rice and other crop fields and water supply, provided by the Dam Office. For 
the calculation, an empirical value of the plants’ water requirement per month was multiplied by the irrigation 
area. The predicted future demand for the next 15 to 20 years shows an increase of 10 percent.  
 

RESULTS AND DISCUSSION 
 
 Figure 6 shows the improved rule curves of the proposed method compared with the existing rule curves of 
the Kaeng Loeng Chan reservoir. The results present that the pattern of the new rule curves similar to the 
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existing rule curve. The new upper rule curves are higher than the existing curves during June to October that 
promotes advantages for increasing volume in order to alleviate flood situation and the new lower rule curves 
are lower than the existing curves during January to April for reducing water deficit during dry season. These 
reasons are similar the results of other studies (Chen, 2003; Chang, et al., 2005; Kangrang and 
Chaleeraktrakoon, 2007). However, this small dam is not quite different like the studies of big dam (Kangrang 
and Chaleeraktrakoon, 2008).  
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Fig. 6: Location of the Kaeng Loeng Chan Reservoir. 
 
 The new rule curves were used to simulate the Kaeng Loeng Chan system using synthetic inflow 
(Chaleeraktrakoon, 1999) for evaluating the situation of water deficit and flood in long term operation. 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 flood and the average flood). The 
frequency of water shortage, the average water shortage and the maximum water shortage of rule curve from 
CGAs model are 0.478 0.041 time/years, 0.283 0.092 MCM/year and 0.455 0.114 MCM/year 
respectively. The frequency of flood, the average flood and the maximum flood of rule curve’s GAs-WB are 
0.634 0.054 time/years, 7.698 2.793 MCM/year and 9.259 2.879 MCM/year respectively. The results also 
indicated that the situations of water shortage and flood of the new rule curves are smaller than theirs existing 
rule curves. Therefore, the improved rule curves can reduce water shortage and flood situation in downstream of 
the Kaeng Loeng Chan reservoir efficiently.  
  
Table 1: Frequency, magnitude and duration of water shortage and flood of the systems. 

Situations Rule Curves 
Frequency Magnitude (MCM/year) Duration (year) 

(times/year) Average Maximum Average Maximum 

Water 
shortage 

 

Existing 
 0.657  0.629  1.264  7.7  11.3  
 0.067  0.121  0.282  2.2  2.7 

GAs-WB 
 0.478  0.283  0.455  4.2  6.4  
 0.041  0.092  0.114  0.4  0.8  

flood 
 

Existing 
 0.879  10.425  14.278  9.2  12.1  
 0.101  2.283  2.454  2.1  2.6  

GAs-WB 
 0.634  7.698  9.259  5.5  10.7  
 0.054  2.793  2.879  1.7  2.0  

 Note:  = mean,  = standard deviation 

 
 In addition, the new rule curves were used to simulate the Kaeng Loeng Chan system using increased 
inflow to reservoir of 10%, 20% and 30% for evaluating the situation of water deficit and flood. The results are 
presented in Table 2 and Table 3 respectively. These results also show the circumstances of water shortage and 
flood frequency (frequency of water shortage, average water shortage, the frequency of flood and the average 
flood). They indicated that the situations of water shortage are reduced when inflow are increased, while flood 
situations are increased when inflow are increased. They can conclude that inflow to reservoir is enough for 
using in downstream area and flood situation trends to occur in downstream too.  
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Table 2: Frequency, magnitude and duration of water shortage considering increased inflow to 10% and 20% and 30% . 
Increasing of 

inflow 
Rule Curves 

Frequency Magnitude (MCM/year) Duration (year) 
(times/year) Average Maximum Average Maximum 

10% 
 

Existing 
 0.625  0.559  1.114  7.1  10.1  
 0.061  0.113  0.232  2.0  2.4 

GAs-WB 
 0.433  0.243  0.415  3.8  5.3  
 0.040  0.090  0.112  0.4  0.7  

20% 
 

Existing 
 0.587  0.323  1.024  6.5 9.3  
 0.055  0.101  0.112  1.9  1.7 

GAs-WB 
 0.412  0.213  0.365  3.1  4.4  
 0.034  0.072  0.089  0.3  0.7  

30% 
 

Existing 
 0.361  0.231  1.002  5.7  7.3  
 0.034  0.088  0.098  1.7  1.4 

GAs-WB 
 0.211  0.122  0.237  2.4  3.1  
 0.031  0.034  0.045  0.3  0.3  

 Note:  = mean,  = standard deviation 
 
Table 3: Frequency, magnitude and duration of flood considering increased inflow to 10% and 20% and 30% . 

Increasing of 
inflow 

Rule Curves 
Frequency Magnitude (MCM/year) Duration (year) 

(times/year) Average Maximum Average Maximum 

10% 
 

Existing 
 0.879  10.425  14.278  9.2  12.1  
 0.101  2.283  2.454  2.1  2.6  

GAs-WB 
 0.634  7.698  9.259  5.5  10.7  
 0.054  2.793  2.879  1.7  2.0  

20% 
 

Existing 
 0.979  13.487  19.782  12.2  13.2  
 0.021  2.783  4.154  2.3  2.6  

GAs-WB 
 0.774  9.690  11.959  7.4  11.9  
 0.064  2.930  3.279  1.8  2.2  

30% 
 

Existing 
 0.989  16.335  23.271  14.6  15.3  
 0.011  3.281  4.254  2.4  1.6  

GAs-WB 
 0.873  11.798  13.539  9.5  12.7  
 0.068  3.797  3.871  1.9  2.3  

 Note:  = mean,  = standard deviation 

 
Conclusion: 
 An improvement of rule cures for small reservoir was performed in this study considering long term 
reservoir operation. The Kaeng Loeng Chan reservoir located in Maha Sarakham, Thailand was considered to 
improve their rule curves. The improved procedures are based on a simulation model using Genetic Algorithms 
and the water balance equation. A minimum average annual water shortage was applied as the objective 
function of the search process. The results present that the pattern of the new rule curves similar to the existing 
rule curve. The new upper rule curves are higher than the existing curves during June to October for increasing 
volume in order to alleviate flood situation and the new lower rule curves are lower than the existing curves 
during January to April for reducing water deficit during dry season. The new rule curves were used to simulate 
the Kaeng Loeng Chan system using synthetic inflow for evaluating the situation of water deficit and excess 
release in long term operation. The results also indicated that the situations of water shortage and excess release 
of the new rule curves are smaller than theirs existing rule curves. Further, the new rule curves were used to 
simulate the Kaeng Loeng Chan system using increased inflow to reservoir of 10%, 20% and 30% for 
evaluating the situation of water deficit and flood. They indicated that the situations of water shortage are 
reduced when inflow are increased, while flood situations are increased when inflow are increased. These 
improved rule curves can reduce water shortage and flood situation in downstream of the Kaeng Loeng Chan 
reservoir efficiently.  
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