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Abstract
This research aims at developing the operational tool for multiple reservoir system re-
operation in the Greater Chao Phraya River Basin (GCPYRB) which describes basin-wide

water resource management in the central region of Thailand including four main dams

namely, Bhumibol (BB), Sirikit (SK), Khwae Noi Bumrungdaen (KNB), Pasakcholasit (PS)
Dams. The increase in reservoir water storage at the end of wet season of 15% is aimed to

achieve by new operational tool for drought risk reduction affecting to the crop yield

production in the area. Two types of multiple reservoir operation model applied by Artificial
Intelligence-Al technique; (1) Reinforcement Learning-RL and (2) Constraint Programming-
CP combined with Machine Learning-ML for daily reservoir inflow prediction, were
accordingly developed. The RL-based model was trained using 7-D predicted inflow, water

storage in reservoirs, reservoir water release and flows at downstream station which were

identified as a set of state variables to make up the environment for dam-reservoir operation.

The operation of BB and SK Dams was determined as the multiple agents which learn to

behave in an environment by performing the actions or determination of water release. The
improvement in increasing reservoir water storages of the agents by RL-based model was
considered based on the maximum positive rewards obtained from the model. The simulation
results show 24.45+ increase in reservoir water storage in accordance with the generated target

storages of four main dams which were established for model development by reinforcement

learning. However, the improvement of model structure developed by the RL technique and

setting up the dynamic target storages for the multiple reservoir operation in GCPYRB are

still needed to increase the model efficiency. For the development of CP model, two types of
CP optimization; (1) released-based model and (2) demand-based model, were established to
find the solution to dam-reservoir operation system in GCPYRB. The travel time of released
water from dams to the target demand nodes was not considered for a sort of released-based
model with seasonal and yearly constraints. However, travel time of released water was
regarded as main factor for the demand-based model. The CP model developed in this study

has the same structure as the mathematical programming model; objective function, a set of

decision variables, and constraints. The multi-objective optimization was accordingly
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formulated and the predicted inflow obtained from Machine Learning (ML) technique was
used as key input variable. In addition, the sector-based water demand nodes in the Lower
Ping (LP), Lower Nan (LN), and Chao Phraya-Tha Chin (CPY-TC) water distribution zones
were identified. The results of long-term reservoir simulation obtained from CP model show
the increase in reservoir water storage of 2,449 mcm per year of the system when the release-
based model with seasonal constraint and 20% side flow were identified. Approximately
49.12% of this amount of increased water storage was quantified as potential side flow or
equivalent to 1,275 mem per year. In addition, a sort of the demand-based model with yearly

constraint could also provide good results of increased water storage of 1,221 mem per year

at the end of wet season. In other words, approximately 12.98% of water storage could be
increased without flood risk problem at some reservoirs. The reduction in the amount of water
released from four main dams of -256 mcm per year were apparently existed when the

demand-based model with yearly constraint was deployed.

Keywords: Artificial Intelligence-Al, Reinforcement Learning Technique-RL, Constraint

Programming-CP, Machine Learning-ML, Dam-Reservoir Operation



