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ABSTRACT 
Many coastal aquifers worldwide are impacted by anthropogenic activities with groundwater 
contamination threatening drinking water supplies and the overall integrity of nearshore 
ecosystems. Groundwater flows in coastal aquifers are often extremely dynamic because the 
aquifer is exposed to complex environmental forcing such as tides, waves, storm surges and 
precipitation (Robinson, 2007; Wang, 2013; Heiss, 2014). There is a need to better 
understand how these environmental forcing impact groundwater flow dynamics in coastal 
aquifers and subsequently the fate, transport, and longevity of groundwater contaminants.  
Laboratory experiments and modelling (analytical and numerical) of simplified aquifer 
systems are often used to evaluate the effects of environmental forcing on groundwater 
dynamics and contaminant transport in coastal aquifers rather than quantifying the effects in 
real field settings.  
 
The objective of this study was to quantify the influence of environmental forcing (tides, 
waves, storm surges, precipitation) on groundwater dynamics and the transport of 
groundwater contaminants on Sable Island, Canada. Sable Island is a narrow and relatively 
homogeneous sand barrier island (maximum width of 1.5km and length of 42km). It is 
located in the Atlantic Ocean 175km southeast of the eastern coast of mainland Canada and 
was designated Canada’s 43rd national park reserve in 2013. The main body of the island is 
defined by two well-developed sand dune ridges that run parallel to the north and south 
beaches. The inland area is low lying relative to these dune ridges. Small freshwater ponds 
(seasonal and perennial) form in some areas where the surface topography is low and there is 
limited vegetated cover across the island (existing vegetation includes beach grass, common 
juniper, low shrubs, and wild flowers). The island is void of any bedrock outcropping or clay 
deposits; rather surficial geology is homogenous sand (particle size ranging from about 0.08-
1.8mm in diameter). Drilling records indicate that the glaciated platform in and around Sable 
Island is underlain by approximately 300 m of Quaternary unconsolidated sands, 900 m of 
Tertiary sediments and 3,400 m of Cretaceous sediments. Horizons of organic materials have 
been found at various depths within the upper unconfined aquifer due to strong winds and 
erosion causing sediment movement over time (Hennigar, 1972). There are zones of elevated 
soil and groundwater contamination present on the island from historical operations. Thus, 
the island presents a unique opportunity to study the effects of environmental forcing on 
groundwater dynamics (water level fluctuations and flows) and groundwater contaminants. 
Findings of this study will be transferable to the many coastal environments where 
subsurface contaminants are exposed to complex environmental, including, oceanic forcing.  
 
Field data was collected using a dense network of groundwater monitoring wells clustered in 
a 1.5km x 4km area within the main body of Sable Island. The groundwater monitoring 
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network is configured in cross-island transects to characterize the groundwater conditions, 
especially in areas adjacent to contaminated zones. Continuous water level data have been 
recorded since August 2014 for over twenty monitoring wells. These time-series have been 
analysed together with environmental data (tide, wave height, and precipitation time-series) 
and ground surface topography to evaluate the effect of the various environment forcing on 
the groundwater dynamics.  
 
Data analysis indicate that the groundwater levels across the island and therefore overall 
flow patterns are controlled primarily by topography-driven spatially varying recharge that 
varies with the seasonal precipitation. Large precipitation events cause rapid increases in 
groundwater levels across the island especially for precipitation events following extended 
dry periods and in low-lying areas where the water table is close to the ground surface. Tidal 
harmonics analysis has been used to map the propagation of the tidal signal through the 
aquifer and in contrast to tidal theory for homogeneous unconfined aquifers the propagation 
of the tidal signal is highly heterogeneous. The result suggests that the unconfined aquifer 
may not be as homogeneous as indicated from drilling records. Numerical groundwater 
modeling (MODFLOW-2005) was used to identify different hydrogeological scenarios that 
may account for the observed heterogeneous tidal propagation. Data analysis further indicate 
that intensified wave conditions raise groundwater levels near the shorelines for up to 2-5 
days following an offshore storm event. This results in sharp reversals in the groundwater 
flow (gradient) direction up to about 250m inland of the coast. While the dynamic 
groundwater levels and flow patterns caused by oscillating tides and intensified wave 
conditions are expected to affect the longevity and spreading of detected contaminant 
plumes, analysis suggests that net contaminant transport is likely controlled by the spatially 
varying recharge associated with precipitation.  Information generated from this research is 
critical for the development and implementation of risk assessment and management plans 
for the many contaminated coastal aquifers worldwide. 
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