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ABSTRACT  
  
Most of the reservoirs in Thailand are designed to meet the downstream water uses 
together with hydropower production serving for the increasing power needs in the 
future. In the past few decades, many hydropower development projects in Thailand 
have been planned and developed especially at large storage dams and some small 
and medium dams like Mae Klong Diversion Dam located in the western region. Mae 
Klong Hydrohypower Plant has been constructed in 2014 and operated by the joint    
co-operation between the Electricity Generating Authority of Thailand (EGAT) and the 
Royal irrigation Department (RID) for reservoir operation and water distribution through 
the canal irrigation system. Accounting for the energy production without interrupting 
agricultural water needs and environmental flow requirements on the downstream side 
of the dam, this study aimed at optimizing the hydroelectricity to find the optimal 
solution in term of reservoir operating rules at Mae Klong Diversion Dam. The 
simulation model for reservoir system operation was developed and optimization 
model was also formulated based on the consideration of power benefits. The results 
present the alternatives for the reservoir operating rule such as optimal daily release, 
linear release rule, simple rules, and their performances obtained from the developed 
model for facilitating the reservoir operators in decision making.   
  
Keywords: Mae Klong Dam, Simulation-Optimization Model, Linear Release Rule, 

Hydropower.  
  

1. INTRODUCTION  
  

Hydropower is considered as the most common form of renewable energy which plays 
a significant role in global power generation. Over 16% of the global electricity 
production has been generated from hydropower sources (International Energy 
Agency, 2010) and the overall technical potential of hydropower tends to be increased 
due to high growing needs of power in the future. In Thailand, the government has 
realized the potential of energy supply sources through the successive use of 
renewable energy such as hydropower, solar radiation, wind, wave and others etc. So 
in 2007, Thai government approved six hydropower plant projects which consist of 
Bhumibol Hydropower Plant, Pa Sak Jolasid Hydropower Plant, Khundan Prakarnchon 
Hydropower Plant, Naresuan Hydropower Plant, Kwainoi Hydropower Plant, and Mae 
Klong Hydropower Plant Projects by cooperating with the Electricity Generating 
Authority of Thailand (EGAT) and Royal Irrigation Department (RID).The Mae Klong 
Hydropower Plant Project has now become an important element of reservoir 
operation sytem of Mae Klong Dam which is aimed at increasing stability of the 
electrical energy  
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in western region of Thailand. The annual hydropower production is planned and 
targeted as 74 GWhr (http://www.rid.go.th).  In general, operating reservoirs to achieve 
a satisfactory performance on multiobjective projects is not the simple task espectially 
at the diversion dams which there are no therithical rules to directly regulate flows 
during the normal and critical situations. Many types of operation rules such as rule 
curves, hedging rule, linear decision rule, power rule, and others were normally 
developed and applied for large storage dams (not for diversion dams). It could be 
observed that the common practice in reservoir operation of several diversion dams in 
Thailand had been operated by controlling a upstream water level with constant values 
over a year. By doing this, it could produce surplus release when the large incoming 
flow reached to diversion dams. Meanwhile, it could also be occurred when the small 
extent of water demands was needed. Therefore, this study reviewed and selected 
some theritical reservoir operating rules to apply for reservoir operation at diversion 
dams such as optimal release, linear release rule, and the simple rule which were 
newly created from the existing operation practice in Thailand. These operating rules 
were derived through the development of simulation-optimization processes based on 
the consideration of power benefits. Their performances of applying these rules were 
also presented and compared in this study. The optimal release rule was actually 
operational outcome on daily, monthly, yearly basis obtained from the 
simulationoptimization models. It could be applied to solve the quantitively-managed 
problems both flood and drought as well as hydropower generation (Karamouz at el., 
2003). For a linear decision/release rule (LDR/LLR), it was commonly presented in a 
linear equation form to easily use. The linear release rule relates reservoir release to 
storage content and decision parameter. The concept of release rule in reservoir 
planning and operation was proposed by Young in 1967 who found that linear release 
rules provided a better fit to stochastic input data than complicated rules. Extensive 
works on linear release rule in water resources management were published in the 
1970s (Jain & Singh, 2003).  
  

1.1 Study area  
  

The Mae Klong Dam shown in Figure 1 is located on the Mae Klong River at Ta Moung 
District in Kanchanaburi Province in the west of Thailand. It is kind of diversion dam 
constructed in 1964 and completed in 1970 to accommodate irrigation and 
downstream water demands in the Lower Mae Klong Basin. It receives flows which is 
the released water from Tha Thung Na and Vajiralong Dams. The Mae Klong Dam 
provides water to the Mae Klong Yai Irrigation Project in Kanchanaburi, Supanburi, 
Nakornpathom, Samutsakorn, Samutsongkram, Rachaburi and Pechaburi Provinces 
having a total area of 2,622,000 sq.m. ( www.mwa. co.th) and deverts some amount of 

water to neighbouring basin for water supply and irrigation purposes. The Mae Klong 
Hydropower Plant was constructed and completed in 2013 and initially launced power 
operaton in January 2014. The main features of Mae Klong Dam, hydropower plant, 
and annual operating data are given in Table 1.  
 
Water storage at Mae Klong Diversion Dam has been supplied and allocated to serve 
for 4 main sectors; (1) Irrigation demand through canal distribution system both left and 
right main canals in the Greater Mae Klong Irrigation Project, (2) Diverting water to Tha 
Chin Basin for irrigation and municipality purposes, (3) Controlling downstream release 
to Mae Klong River in the lower area for salinity control and ecological aspects, and (4) 
Diverting some amount of water through hydropower plant to generate power. 
However, the released water from hydropower plant is accumulated with the released 
water through dam and become the downstream water release as graphically 
expressed in Figure 1. The observed operational data at the dam is shown in Figure 
2.-Figure.4. and the observed energy production in 2014-2015 is shown in Figure 5. 
The Mae Klong Hydropower Plant has just started lauching power operation in 2014 
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with 6.74 GWhr. In 2015, it could produce higher energy of 33.32 GWhr which is about 
45% of the targeted energy.     

 

Table 1.  Main features of Mae Klong Dam and hydropower plant 

 

Dam 

Type  Concrete  

Construction completed  1970  

Height  14 m  

Crest length  1,650 m  

Crest width  117.50 m  

Reservoir   

Reservoir catchment area  26,441 km2  

Maximum water level   +23.66 m  

Normal water level  +22.50 m  

Normal reservoir storage capacity  50 mcm  

Hydropower Plant   

Installed capacity  12 MW  

Number of power generator  2 Units  

Unit capacity  6 MW  

Annual Operating Data    

Inflow (2014)  8416.30 mcm/yr  

Water release through canal (2013)  6,016.78 mcm/yr  

Water release through downstream 
(2013)  

7,236.95 mcm/yr  

Water release through hydropower 
plants (2014)  

239.18 mcm/yr  

  
2.  METHODS  
  
2.1 Data collection  

 

The following is list of data collected from the Royal Irrigation Department (RID) and 
The Mae Klong Hydropower Plant Office since 2002-2015 which is predominantly used 
in this study.  
 

(1) Reservoir operation data at Mae Klong Diversion Dam conprising water 
level, water storage, reservoir inflows (the water released from Tha Thung 
Na and Vajiralonkorn Dams), and diverted water through canals, 
downstream river and neighboring basin.  

(2) All sectors of water demands in the Mae Klong Basin.  

(3) Physical data about the dam, reservoir and Mae Klong Hydropower Plant.  
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Figure 1.  Mae Klong Diversion Dam. 

  

 

 

Figure 2. Water release through canal. Figure 3. Water release through 
downstream river 

 

 

 
 

 

2.2 Development of simulation – optimization model for reservoir              
operation system  

  
This study developed the combined simulation – optimization model for deriving the 
operating rule sets at Mae Klong Dam for reoperation in consideration of power 
benefits and other demand sectors. Developing the reservoir operation system model 
was theritically done by using reservoir water balance equation as given in Equation 1. 
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For model calibration, the local flows from the upper two dams; Tha Thung Na and 
Vajiralongkorn Dams were added in order to resemble the observed operational data 
at Mae Klong Dam more closely.  
  

                                                   St+1=St+It+SFt-Rt                                      Equation 1.  

Where   St+1  =   Reservoir storage at time t+1 (mcm)  

    St  =   Reservoir storage at time t (mcm)  

     It  =   Reservoir inflow at time t (mcm)  

    SFt      =   Side flow/local flow at time t (mcm)  

    Rt   =   Reservir outflow at time t (mcm)  

  

The power generation was also modeled using Equation 2. and subsequently 
calibrated to get the closer outcomes between the modeled energy and observed 
energy performed by EGAT in 2014-2015. The efficiency of power plant was simplified 
and presented in polynomial form which was subject to the hydraulic head and 
observed discharge/release through hydropower plant as expressed in Equation 3.;  
  

                               G = ∙ ∙Rt∙Ht∙t                                              Equation 2.  

Efficiency,% - 

                              (0.0186471R2
t )+(0.62241Rt)                                               Equation 3.  

  

Where,   Ht  =   Hydraulic head at time t (m.msl.)  

    Rt  =   Actual release through hydropower plant at time t (mcm)           

  

The optimization model was then formulated and three decision rules were proposed 
and solved by genetic algorithm for re-operation of the dam; (1) Optimal release, (2) 
Linear release rule, and (3) Simple rule. The description of theses 3 rules was 
described below;  
  
2.2.1 Optimal release  
  
Optimal release rule was considered to find the daily amount of optimal release 
through hydropower plant for operating the power energy with maximum performance 
without interrupting any of the water demands.   
 
2.2.2 Linear release rule  
  
Linear release rule was based on the linear equation specifying the amount of water 
release through hydropower plant for maximizing the hydropower energy without 
disrupting any of the water demands as espressed in the Equation 4. It could be seen 
that the water release was specified as a function of daily inflows and daily storages of 
Mea Klong Reservoir at the different lag time.  
 

                              Rthp= aIt+bIt-1+cIt-2+…+dSt-1+eSt-2+fSt-3+…            Equation 4.  

     

Where Rthp                  = Water released through hydropower plant at time t (mcm)  

 It, It-1, It-2, ….             = Daily inflows to Mae Klong Dam at time t, t-1, t-2, … 

(mcm)  

   St, St-1,  St-2, … = Daily storages of Mae Klong Reservoir at time t, t-1, t-2, …   

                                           (mcm)  
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2.2.3 Simple rule   
  
Simple rule was also proposed by way of finding the optimal values of upstream water 
level at Mae Klong Dam that controls water released through irrigation and diversion 
canals, downstream river and through hydropower plant. When upstream water level 
had been rising above optimal level needed to be solved, the amount of available 
water storage obove that levels was diverted through canals and downstream river to 
serve irrigation and downstream water demands as required. The remaining storage 
was then regulated through intake structures of hydropower plant for power 
generation.   
  
2.3 Problem formulations and solutions  
  
The optimization model was then formulated for deriving three types of operating rule 
sets at Mae Klong Dam based on the maximization of power benefit as expressed in 
Equation 5.;  
  

Objective Function:                          MaxG = ∙ ∙Rt∙Ht∙t                              Equation 5.  

 

Where G  = Electricity generated by hydropower (Kilowatt Hour)  

     = Efficiency of hydropower plant (%)  

     = Specific weight of water (9.81 kN/m3)  

   Rt  = Water released through hydropower plant at time t (cms)  

   Ht  = Hydraulic head of water at time t (m)  

Dt  = Daily water demands at time t (m)  

Constraints:  (I)  Rtmin ≤ Rt ≤ Rtmax  

      (II)  Stmin ≤ St ≤ Stmax  

      (III) Rt ≥ Dt   

      (IV) Dt = Dtcan  Dtds  

2.4 Simulation run and results comparision  
 

After three sets of proposed operating rule were solved, the simulation runs were 
tested and compared with the actual operating data. Three scenario sets of reservoir 
inflow in wet year (2012-2013), normal year (2010-2011), and dry year (2014-2015) 
were selected and used for simulation runs. To present the optimal operation rule 
without interrupting with any of the water demands and maximizing the hydroelectric 
energy with maximum performance, the results of simulation runs were compared in 
terms of power energy obtained, water release through irrigation and diversion canals, 
and downstream river.  
  

3. RESULTS AND DISCUSSION  
  

3.1 The operating rule sets obtained from optimization model  
  

Three operating rule sets obtained from optimization model consisting (1) Optimal 
Daily  
 
Release, (2) Linear Release Rule, and (3) Simple Rule were described in the following.   
  

The results of optimal release rule obtained from this study showed the fluctuation of  
daily discharge through hydropower plant among the different water years as shown in 
Figure 6. It could be seen that the range of daily discharge to power plant in wet year 
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seemed to be very close to those obtained in normal year. Conversely, the range of 
optimal daily release in dry year became larger due to water supply and water demand 
conditions.  
  

 

         

Figure 6. Optimal daily release through hydropower plant since 2014-2015. 

  

For the results of linear release rule as summarized in Table 2., it showed the same 
equation of water release in wet year and dry year. However, the optimal parameters 
of release equation in dry year was totally changed.  
  

Table 2. Linear release rules obtained from this study 

 

Optimal Linear Release Rule in Wet Year and Normal Year  

Rthp = (0.11906It)-(0.13345It-1)-(0.08895It-2)+(0.08356It-3)+(0.13621It-4)-      

            (0.09948It-5)+(0.07713It-6)+(0.08874St-1)-(0.03023St-2)             

 (0.07524St-3)+(0.04662St-4)-(0.01491St-5)+(0.08876St-6)  

Optimal Linear Release Rule in Dry Year  

Rthp = (-0.02877It)-(0.00631It-1)+(0.08364It-2)-(0.09661It-3)-(0.00050It-4)-      

            (0.04200It-5)-(0.03261It-6)+(0.23544St-1)-(0.21872St-2) 

+        +(0.12657S )-(0.09489S )+(0.08670S )-(0.01939S )  

 

Where It, at time t, t-1, t-2, …(mcm)  

  St, St-1,  St-2, …=  Storage at time t, t-1, t-2, …(mcm)  

  

Simple rule recommended the optimal values of upstream water level which were 
separated into two seasons: (1) Wet Season and (2) Dry Season. The results of simple 
rule in wet year, normal year, and dry year were shown in Figue 7. It was shown that 
the optimal upstream water level in dry season and wet season during wet year were 
recommended equally to 22.92 m.msl. due to larger amount of water available in the 
system. In normal year, the recommended value of upstream water level in wet 
season, 22.90 m. m.s.l. was a little bit higher than in dry season, 22.92 m. m.s.l. 
because of the nature and lesser extent of water demand during dry season. In dry 
year, the optimal values of upstream water level were recommended as 22.88 and 
22.85 m. m.s.l. in dry season and wet season, respectively which  were slightly lower 
than those received in wet year and normal year.  
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Figure 7.  Optimal upstream water level recommended in wet year, normal year, and                  

dry year.  

  

3.2 The simulated results performed by three operating rule sets   
  

The simulated results performed by the three operating set of rules were presented 
and compared in terms of the electricity generated, average water storage, water 
release through hydropower plant, canals and downstream river as graphically shown 
in Figure 8.-11.   
 
Simulating reservoir operation system at Mae Klong Diversion Dam with simple rules 
could gain the highest energy compared to others. Meanwhile, using linear release rule 
was easy to use because it provided the release equation for different situations of 
incoming flow. Using linear release rule for operation could also give better results in 
term of power benefit than the actual operation in 2014-2015. It could be seen from the 
Figure 8 that operating power plant in wet year could give higher energy than those 
obtained in normal year and dry year, repectively due to the different extent of 
incoming flow and release determination at the dam. It could be observed that the 
additional limitation of release equation to be proposed in a functional form of inflow 
and reservoir storage at different lag time caused the reduction in energy production. 
However, the supplementary constraint of attempting to find the optimal upstream 
water level in dry and wet seasons with constant values in simple rule affected on the 
power generated inevitably. The recommended values of upstream water level for 
water allocation at Mae Klong Dam were raised 0.38-0.42 m. of the existing operation 
of 22.50 m. which made the energy generated higher due to the increase in head. 
Meanwhile, the discharge through hydropower plant specified by simple rule in wet 
year, normal year, and dry year was very close to the optimal release rule which 
ranged between 11.2911.56 mcm/day. The simulated results shown in Figure 9-11 
could reassure that applying these three operating rule sets for reservoir reoperation at 
Mae Klong Dam could not dirupt all sectors of water demands including irrigation and 
downstream control. Moreover, using optimal daily release and simple rule could also 
reduce the amount of downstream river flow but still not less than the minimum 
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requirement of 50 cms recommended by AIT in 1978 (Biltonen et al., 2003) when 
compared the results with the actual operation as graphically shown in Figure 12.      
     

  

 
 

Figure 8.  Electricity generated by using   Figure 9.  Average water storage    

                 3 different rule sets                    resulted from 3 different rule   

                 sets  

 

 

 
through hydropower plant                       canals using 3 different rule                     

by 3 different rule sets sets  

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

Figure 12. Water release through downstream river using 3 different rule sets 
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4. CONCLUSIONS  
  
The purpose of this study is to maximize the hydroelectric power by deriving three 
different set of rules which consist of optimal release rule, linear release rule and 
simple rule without interrupting any of the water demands in the Lower Mae Klong 
Basin. In summary, (1) The hydroelectricity enhanced from 33.32 GWhr (actual data 
operated in 2015) to 124.39 GWhr performed by simple rule (2) To maximize power 
benefits at Mae Klong Dam by simple rule, the recommended values of upstream 
water level for water allocation were raised 0.38-0.42 m. of the existing operation of 
22.50 m. (3) Applying these three operating rule sets for reservoir reoperation at Mae 
Klong Dam could not disrupt all sectors of water demands (4) Using optimal daily 
release and simple rule could also reduce the amount of downstream river flow but still 
not less than the minimum requirement of 50 cms.  
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