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Abstract

Permeable reactive barrier (PRB) system has proven as an alternative passive in
situ but effective remediation technique for rapidly reducing the concentration levels of
chemicals of concerns (COCs) by up to several orders of magnitude. Given many
groundwater contamination problems can have chemical mixture of multiple
contaminants with different spatial distributions, a remediation system with multiple
PRBs were recently proposed instead of a single PBR system for more efficient aquifer
remediation. Simulations using the analytical modeling tools are generally effective for
executing frameworks for the design of efficient multi-PRB systems. For mathematical
simplicity, current analytical modeling tools are mostly derived assuming equilibrium
sorption process. Experimental and theoretical research results clearly indicated that
nonequlibrium sorption process could have a profound effect upon solute transport in
the subsurface environment. This study is thus designed to develop novel analytical
models for multi-species reactive transport in a multi-PRB system used for remediation
of chemical mixture comprised of contaminants and their degradation byproducts in
groundwater subject to both equilibrium and nonequilibrium sorption processes. The
correctness and accuracy of the derived analytical model and its associated computer
code will be evaluated through comparisons between computational results obtained
from the derived analytical model against those from a numerical model under different
transport parameters. The derived analytical model will be used to investigate the effect
of nonequilibrium sorption process on multispecies reactive transport in a multiple PRB

system, and used for application of optimizing the design of multi-PRB system.
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