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ABSTRACT: This paper presents the optimization of reservoirs operation in Chao Phraya basin of Thailand. Linear 
Programming was applied to calculate the optimal volumes of water released and water storage of Bhumibol and Sirikit 
reservoirs. The results are the optimal solutions that compare with the actual volume in year 2011 and 2012. It helps 
decrease the volume of downstream flood peak, if applying the results controls the reservoirs operation. 
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I. INTRODUCTION 
 
Severe flooding occurred during 2011 in Thailand that was a long periodsince thebeginning until the end ofthe year and 
resulted in heavy damageof agriculture, of industrial, of social, and so on. The provinces of Northern and Central 
Thailandalong Chao Phraya river basin were affectedby the severe floodingincluding the Metropolitan area of 
Thailand. This flooding disaster occurred due to several causes. The important causes were the rainsearly coming in 
that year andthe cumulativerainfallin the countryhigher than theaverage 35%. The factors of these causes were as 
follows: 

 La Niñaphenomenonoccurred inthe first half andthe end of2011. 
 The influenceof monsoon, Thailand has been affecteddirectlyand indirectlyby the stormswhich movingin the 

South China Sea. There werefivetropical storms that were Hai Ma,Nock Ten, HaiTang, Ne Sat 
andNalKaeTropical Storms. 

 Monsoon trough and local wind, from Mayto October 2011, the monsoon trough continued to prevail 
overThailand especially the upper and middle of country. These resulted in the heavy rains and flooding cover 
many areas of Thailand. 
 

Moreover, Bhumibol and Sirikit reservoir’s accumulated inflow had the highest volumes in the pastseveralyears.There 
were alsolimitations on thedrainsdue toflooding in the areas from the downstream of the reservoirs. 
 
The reservoirs managementinflood seasonfrom May toOctober eachyear, the water in reservoirs is released to prepare 
for upcoming rainy season since the beginning of rainy season. However,ifit is necessary todrain the large volume of 
water from reservoirs, the impact of downstream flooding areas problems should be considered as well. Therefore, itis 
required todetermine the reservoirs operating rules which are theoperation criteriatobe adoptedto control thevolume of 
water inthe reservoirs according tothe desired objectives.These rules are scenario planning forwaterstorage 
andreleasedfrom the reservoirs in each period and each situation and be able to actually operating. The scenarios are set 
up from trends or the past and the recent information together withtheuncertainties that mayoccurin the future such as 
the rainfallover thecatchmentsaffectwater inflows of reservoirs.Therefore, there can be many situations depending on 
these trends and uncertainty occurrences. Thescenariosshould coverall potential circumstances that mayoccur inthe 
futureas much as possible.Thus, thereservoiroperatingrulesarea useful toolto operatethe reservoir. There 
areseveralscenarios, each of whichisthe water release fromthe reservoir orthe requiredwaterstorage volumes ofreservoir 
in each period of the year. 
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The principle ofthe reservoiroperating rule is to plan the water released volume of each reservoir duringthe given 
period.This is to provide adequate storage for inflow and protect overflow causing flood disaster in downstream areas. 
However, ifthe water flows over the spillway, the overflow rate should be a minimum volume.Meanwhile,to 
maintainsufficientwater volume inthe reservoir for use inthe dry season,the adequate watermeets demand. The upper 
rule curve is the maximum water storage volume or water level in reservoir that are not overflowed and used to be the 
reservoir operating criteria. Duringthe dry season,thewater should also bedetermined and maintained volume in 
thereservoir within eachgiven period. Ithelps reducethe risk ofwater shortages. The lower rule curve is the water 
volume orthe water levelthat should be maintained lower and not caused drought in the futureand used to be the 
reservoir operating criteria.One wayto developoperationalrulesofthereservoircan developan implementation planbythe 
optimization model. 
 
Optimization is a procedure of findingthe best values of objective functions given a set of constraints which lead to 
highest levels of system performance.This processwillbe appliedto the reservoir management for the purpose offlood 
controlin the downstream areasof thebasins.Consideringthenormalretention leveland volume of waterreleasedfrom the 
reservoirto meetthe demand forirrigation water.Linear Programmingis applied toimprove efficiencyofreservoirsforthe 
reservoirmanagement. This mathematical model is as follow: 

 Min: 
Rr

rr fc   

Paper is organized as follows. Section II describes the Chao Phraya river basin structure and Linear Programming in 
background. Linear Programming is applied to operate the reservoirs in Chao Phraya basin that is given in Section III. 
Section IV presents experimental results showing results and conclusion. Finally, Section V presents discussion and 
future work. 

II. BACKGROUND 
 

In order to manage the reservoir with the goal of achieving the maximum efficiency, the reservoir optimization is 
appliedto determine the reservoir operation rules.  

 
1. The Chao Phraya basin 
 

 
Fig.1 The Chao Phraya basin of Thailand 

 
The study areafor theimplementation ofthisoptimizationison theChao Phraya Basin. The Chao Phraya river is the main 
river of Thailand. Therefore, the Chao Phraya basin is the most important basin in Thailand as shown in Fig. 1. It 
covers the central area of Thailand. The Basin can be divided into eight sub-basins. The headwaters of the Chao Phraya 
River originate in mountainous terrain in the northern part of the country and consist of four large rivers, the Ping, 
Wang, Yom and Nan. The main river system passes through many of the major population areas of the country 
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including the capital, Bangkok, which is located at its downstream end [6]. These fourrivers in the northern part join 
together to become the Chao Phraya river at NakornSawan province. 

 

 
Fig. 2 Chao Phraya river basin flow and Bhumibol and Sirikit dam diagram. 

 
There are two largest dams to control the most of the major stream flow in this basin that are Bhumibol dam is on the 
Ping river and Sirikit dam is on the Nan river. Both were built to supply the purposes of water storage, hydroelectric 
power production, irrigation, and agriculture water use. Fig. 2 illustrates the Chao Phraya Basin stream flows. The 
monthly optimizationdraining managementof thereservoirsis the plan that applies the volume of waterflowing from 
areas as follows: 

1.1 The first zoneisthe volume of water flowing of Ping River, Wang River, and the volume of water releasedfrom 
theBhumibolreservoir. 

1.2 The second zoneis thevolumeof water flowing of Yom River, Nan River, and the volume of waterreleasedfrom 
theSirikitreservoir. 

Thecondition is that thewater released volume of each monthmust not be lessthan the demandof waterindownstream 
areas andmust reduce the volume ofwater at C.2 and it must not exceed 3500million cubic meters persecond. 
 

III. LINEAR PROGRAMMING 
 
Linear programming theory isapplied to this reservoirs operating optimization with theobjective 
functionsandconstraints which are the decision variables in the form of linear functions.Theconstraintsarein form for 
either equalities orinequalities [4]. 

Min: 
Rr

rr fc  

where Risa set ofreservoirsin the area, fis the water flowineach reservoir, r R , and c isapenalty forthe volume of 
waterreleasedfrom the reservoir. 

IV. METHODOLOGY 
 

In this work, Linear Programming technique is applied toimprovethe Bhumibol and Sirikit reservoirs operations in the 
water management of the upper Chao Phraya Basin. The objective function of this reservoir operating optimization is 
reducing the water flow rate in downstream areas (From Fig. 1, it is at C2 position. Thewater volume at C2mustnot 
exceed3500million cubic meters persecond.) by the waterreleasedvolume from the reservoir controllingand increasing 
the water storage volume inthe reservoirs. The conditions of this optimization are two followings. 

1. The volume of waterreleased fromthe reservoirmusthave no lessthan the water demand in each irrigation area. 
2. The volume of water storage in reservoirsmustnotexceedtheupper rule curve of eachreservoir. 

The optimal solution of this problem is applied with Linear Programming model. It has the objective function which is 
the linear function and all the conditions are as the linear forms. The mathematical model is  
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Min: 
Rr

rr fc  

where Risa set ofreservoirsin the area, fis the water flowineach reservoir, r R , and c isapenalty forthe volume of 
waterreleasedfrom the reservoir. The conditions are as follows: 

1. The reservoirs have the condition mathematical model that is  

1t t t tS S I R     

where tS is the water storage volume in the reservoir at time t, tI is the water inflow volume of the reservoir 

during time t, tR  is the water released volume of the reservoir during time t. 

2. The water released from reservoir has enough volume for demand of water use. Then, D R where D is the 
demand of downstream water. 

3. The penalty of water supply that the water storage is not exceed the upper rule curve and not lower than the 
lower rule curve of reservoir, lower upper

t t tS S S  . There are conditions as follows: 

0 100R D   ;   0c  , 
100 R D  ;  1000c  , 

0R D  ;   100000c   
lower
tS is the lower rule curve of reservoir at time t and upper

tS is the upper rule curve of reservoir at time t. 
If the volume of water released from reservoir is more than the demand of downstream water within 1-100 
million cubic meters persecond, then the penalty is 0. If the volume of water released from reservoir is more 
than 100 million cubic meters per second of the demand of downstream water, then the penalty is 1,000. If the 
volume of water released from reservoir is less than the demand of downstream water, then the penalty is 
100,000.  

In addition, there are more variables of the objective function for the decision where ܴܾ is the volume of water released 
from Bhumibol reservoir, ܴݏ is the volume of water released from Sirikit reservoir, ܾܵ is the volume of water storage 
in Bhumibol reservoir, ܵݏ is the volume of water storage in Sirikit reservoir, and ܴܾ +  is the volume of water ݏܴ
released from Bhumibol reservoir including the volume from Sirikit reservoir. 
In this case study area, the mathematical model is in the following form. 

Min: 
12 12

1 1
i i

i i
cb Rb cs Rs

 

   

 where 
3800 13462iSb  and 2850 9510iSs   

 
The objective function of this problem is minimizing downstream flood peak. Therefore, the sum of water released 
from Bhumibol and Sirikit reservoirs should not exceed 3,500 million cubic meters per second. The total volume of 
water released from both reservoirs should not exceed the upper rule curve and not less than the lower rule curve in 
each reservoir. The upper rule curve and lower rule curve of Bhumibol reservoir are 3,800 million cubic meters and 
13,462 million cubic meters, respectively. The upper rule curve and lower rule curve of Sirikit reservoir are 2,850 
million cubic meters and 9,510 million cubic meters, respectively. icb is the penalty for water released from Bhumibol 

reservoir in ith month. ics is the penalty for water released from Sirikit reservoir in ith month. 
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V. RESULTS AND CONCLUSIONS 
 

1. The year 2011 
 

 
Fig. 3 The graph displaying the average monthly volume of water released from Bhumibol reservoir in 2011. 

 
Fig. 3 is the graph of average monthly volumes of Bhumibol water released in 2011. It shows both the average volumes 
of the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
large volumes of water released from Bhumibol reservoir in Thailand on October when severe flooding occurred in 
2011. 
 

 
Fig. 4 The graph displaying the average monthly volume of water storage of Bhumibol reservoir in 2011. 

 
Fig. 4is the graph of average monthly volumes of Bhumibol water storage in 2011. It shows both the average volumes 
of the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
large volumes of water storage of Bhumibol reservoir in Thailand started at the beginning of year. 
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Fig. 5 The graph displaying the average monthly volume of water released from Sirikit reservoir in 2011. 

 
Fig. 5 is the graph of average monthly volumes of Sirikit water released in 2011. It shows both the average volumes of 
the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
large volumes of water released from Sirikit reservoir in Thailand on September when severe flooding occurred in 2011. 
 

 
Fig. 6 The graph displaying the average monthly volume of water storage of Sirikit reservoir in 2011. 

 
Fig. 6 is the graph of average monthly volumes of Sirikit water storage in 2011. It shows both the average volumes of 
the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
large volumes of water storage of Sirikit reservoir in Thailand started at the beginning of year. 
 
Due to the influence of many storms, they have severe negative impacts on Thailand. Another cause of flooding in 
downstream area of Chao Phraya basin is the large volume of water released from upland reservoirs to protect flooding 
in upstream area. Therefore, to reduce the impact of flooding in the downstream basin areas, the optimization technique 
was applied to the reservoirs operation and management for finding the optimal solution and improving the efficiency. 
The conclusion is that the optimal volumes of water released from reservoirs should be more than the actual monthly 
average volume from January to July, 2011. The consequences were the optimal volumes of water released from 
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reservoirs from August to December in 2011 reduced that is the large rainfall volume period, especially the 
downstream areas. The condition of this experimental was this reducing volume of water released should not increase 
the volume of water storage exceed the upper rule curve of reservoir. 

 
2. The year 2012 

 

 
Fig. 7 The graph displaying the average monthly volume of water released from Bhumibol reservoir in 2012. 

 
Fig. 7is the graph of average monthly volumes of Bhumibol water released in 2012. It shows both the average volumes 
of the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
volumes of water released from Bhumibol reservoir reduced since February until October in 2012. 
 

 
Fig.8The graph displaying the average monthly volume of water released from Sirikit reservoir in 2012. 

 
Fig.8 is the graph of average monthly volumes of Sirikit water released in 2012. It shows both the average volumes of 
the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
volumes of water released from Sirikit reservoir reduced since February until October in 2012. 
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Both reservoirs were controlled the volume of water released to reduce the volume of water demand in downstream 
areas. If there is a drainage volume control according the reservoirs operation optimization, the reservoirs are able to 
increase the volume of water storage. However, the volume of water storage should not exceed the maximum threshold 
of the reservoir.  

 

 
Fig.9 The graph displaying the average monthly volume of water storage of Bhumibol reservoir in 2012. 

 
Fig.9 is the graph of average monthly volumes of Bhumibol water storage in 2012. It shows both the average volumes 
of the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
large volumes of water storage of Bhumibol reservoir in Thailand started at the end of year 2011. 
 

 
Fig. 10 The graph displaying the average monthly volume of water storage of Sirikit reservoir in 2012. 

Fig.10is the graph of average monthly volumes of Sirikit water storage in 2012. It shows both the average volumes of 
the actual data and the optimal volumes from Linear Programming Optimization technique. The graph displays the 
large volumes of water storage of Sirikit reservoir in Thailand started at the end of year 2011. 
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From Fig.9 and Fig. 10, the water storage of Bhumibol reservoir can be increased more volume by approximately 11% 
(Calculated from the maximum volume of the year 2012). The water storage of Sirikit reservoir can be increased more 
volume by approximately 12% (Calculated from the maximum volume of the year 2012).  

VI. DISCUSSION AND FUTURE WORK 
 

From the results in previous section, this work can be further explained as follows: 
1. For the water drainage in the year 2011, one approach to increase the volume of water released between 

January and April, 2011 may be achieved by increasing the demand of water in downstream areas.  
2. Reducing the volume of water released from Bhumibol and Sirikit reservoirs is one part of the decrease of 

water volume that passed through C.2 water gate.  
3. Considering the season period, in drought (start from November to April), the water storage is used according 

to the needs of water use in the basin. This helps drain the water volume to prepare for the rainy season (start 
from May to October). In the rainy period, the water volumes in reservoirs are prepared to meet the demand of 
water in the drought period. At present, the reservoirs in the Chao Phraya basin have been operated as 
previously mentioned. 

In the year 2011, there was a lot of volume of precipitation in Thailand. The optimal solution was able to conclude that 
the water released from Bhumibol and Sirikit reservoirs should be increased the volume in the beginning of year or the 
drought period. It helps both reservoirs to be able to get more storage during the rainy season. Furthermore, to reduce 
the volume of water storage in both reservoirs in early 2012, the water was released from both reservoirs in the large 
volume. However, the optimal solution can decrease the volume of water released from both reservoirs in drought 
period. 
 
This work is being planned to consider other concerning parameters such as uncertainties in precipitation, catchment 
areas in basin, other water body, and so on. In order to enhancewater management for floodmonitoring as process flow 
in Fig. 11, a dynamicoptimizationhas been developed totrackand analyze events rapidly and 
timely.Thisfunctionalitycan belinked tothe floodforecast informationfromthe hydrologicalmodels.The 
floodforecastingestimatesthe water inflow volume ofthe reservoir with usinguncertainties data from rainfallforecasts. 
These are the outputs from the climatemodelsand the demand of reservoirs water. 

 

 

Fig. 11 The process flow of the dynamic reservoirs operation optimization system. 
 

Therefore, the optimization operations to manage the reservoirs userainfall forecasting data tocalculate thereservoirs 
inflow withthehydrologicalmodelandthen the results ofmodelscan becreated asthe sets of data. In order to find the best 
values or optimal values of water released volume and water storage volume, the rulesand operation planswill be 
adjustedas a result offindingthe bestvaluesdepended onthe situation.The results will be used to support the decision for 
water resource management. 
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