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A multi-objective simulation-optimization model for optimal design of groundwater remediation systems under uncertainty
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Abstract, The design of a robust and reliable groundwater remediation system encounters major difficulties owing to the inherent uncertainty of hydrogeological
parameters. Based on the commonly used deterministic groundwater multi-objective optimization methods, a probabilistic improved niched Pareto genetic algorithm
(PINPGA) is proposed for this purpose. The PINPGA uses two techniques including probabilistic Pareto domination ranking and probabilistic niche technique to find
Pareto optimal solutions of groundwater remediation systems under uncertainty. Also, the performance of the proposed algorithm is evaluated through a synthetic
pump-and-treat (PAT) groundwater remediation system under a random lognormal distribution of hydraulic conductivity (K) field. At first, the Sequential Gaussian
Simulation (SGSIM) is used to generate conditional InK realizations based on the sampled conditioning data acquired by the field test. Then Monte Carlo simulation
is applied to address uncertainty analysis and risk assessment of contaminant transport fate associated with different numbers of conditional InK points. Compared
with the existing improved niched Pareto genetic algorithm (INPGA) with a simple averaging approach, the proposed PINPGA with a probabilistic and small sample
size (as few as 5) of InK realizations can find Pareto optimal solutions with lower variability and higher reliability, leading to a robust decision-making.
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