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ABSTRACT

Groundwater resource management is an important issue at nature, political, scientific
and social level. Water demand at industrial, agriculture and domestic level are
continuously increasing and subsequently limited fresh water resources are shrinking.
Under these circumstances groundwater management is a critical issue for us.
Groundwater management deals with management of groundwater resources both in
quantity and quality aspect. Groundwater management problems are typically solved by
researchers through simulation-optimization approach. The simulation-optimization
approach is valuable because it can simulates the complex groundwater flow and/or
contamination transport system and helps to identify the optimal solutions by fulfilling
the objectives of the problem under the given set of constraints

In this study, Analytic Element Method (AEM) and Particle Swarm Optimisation
(PSO) based simulation optimization model has been developed to find out the best
management policy for preventing the groundwater resources from critical conditions.
AEM model has been developed in MATLAB platform to simulate the groundwater flow
in steady state condition and optimization model has been developed to find out the
optimal location and discharge for the pumping wells under the constraints imposed by
stakeholder and officials of water authorities. Developed AEM model has been applied
upon a hypothetical case and real field data. Results obtained from AEM based model
have been compared with FDM based model and advantages of AEM model have been
measures. In next stage, AEM model has been coupled with PSO based optimization

model and applied upon two hypothetical examples. In the first example, results of AEM-
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PSO have been compared with other optimization techniques. In the example, model has
been applied to identify the location and discharge of unknown wells. Finally AEM-PSO
model has been applied on real field problem i.e. Dore river basin, France. Model has
been applied to solve the two kind of management problems i.e. identify the maximum
groundwater extraction rate for pumping wells and minimizing the cost of pumping wells
system. Piping cost, well installation cost and pumping cost have been incorporated in the
cost function. Optimal number of wells has also been identified by applying the model
for different set of wells.

Artificial Neural Network (ANN) and PSO based simulation-optimization model
has also been developed to address the same real field problem. AEM model has been
used to generate the data set for the training of neural network. Different ANN models
have been developed for each well in each set of well. Results from ANN-PSO model has
been compared with AEM-PSO model.

Finally the sensitivity analysis for parameters of cost function and PSO has been
performed. Results show that AEM-PSO model is able to effectively solve the
groundwater management problems. In some manners, AEM and PSO techniques have
been find more efficient than other techniques. ANN-PSO based model excessively
reduce the computational burden in comparison of AEM-PSO based model and a good
replacement of AEM-PSO model. ANN-PSO based model are also capable to solve the
groundwater management problems efficiently. Also proposed wells by developed

models are capable to fulfil the water demand of the area without stressing the aquifer.
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