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Groundwater is one of the essential resources for agricultural, municipal, and domestic potable water use in the East Gulf Coastal Plain in Alabama. Groundwater sustainability for long-term water usage and groundwater vulnerability to non-point source contaminants in Alabama coastal aquifers can significantly affect the society, the environment, and the economy in the Gulf Coast Region. These aspects were evaluated quantitatively in this study for the first time.

A three-dimensional (3D) steady-state groundwater flow model was built and calibrated using the U.S. Geological Survey software MODFLOW. Utilizing available geologic and hydrologic information to define twelve main hydrostratigraphic units, mainly consist of fine-medium sand and interlayered clay layers. A particle-tracking post-processing solver (MODPATH) was then applied to calculate the distribution of groundwater ages for principal aquifers using the heterogeneous velocity field calculated by MODFLOW. 14C-age data from the U.S. Geological Survey and wavelet analysis were also used to calibrate the model in order to decrease model uncertainty and check the feasibility of the regional-scale transport model. 

The resultant backward groundwater age distribution provided a 3D index map for assessing contaminant vulnerability of both shallow and deep aquifers in Alabama. The corresponding forward-tracking groundwater age defines life expectancy for water parcels stored in each sub-aquifer. Forward-tracking groundwater age combined with groundwater storage evaluated by the 3D flow model, provides critical and useful information of groundwater sustainability. This provides an assessment of vulnerability and groundwater protection in Alabama’s coastal plain aquifers.

Furthermore, the transient dynamics of groundwater systems were explored with MODFLOW, and effective management strategies for groundwater resources were developed by incorporating the changing climate and anthropogenic impacts. The impact of high pumping rate, well locations, and recharge rate on the groundwater system was systematically assessed through three scenarios: historical recharge and pumping rates (Scenario I), increased pumping rate for wetting years (Scenario II), and decreased recharge rates for dry years (Scenario III). Effective strategies for maintaining sustainable groundwater supplies in vulnerable areas require careful management of groundwater resources, achieving a sustainable balance between recharge and pumping. 
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