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ABSTRACT 
 Groundwater models are being constructed to evaluate the impact of increased 
development on two adjacent sandy barrier islands on the northern Gulf coast of 
Florida, USA.  To characterize the hydrostratigraphy and seasonal variability we are 
conducting resistivity and electromagnetic profiles across the freshwater lens and 
seepage meter and well sampling of freshwater fluxes and heads.   

The islands, Dog Island and St. George Island, are a “drumstick” and a strip 
barrier island, ~100-2000 m x 10 km and ~250-1000 m x 40 km, respectively.  Dog 
Island relies exclusively on shallow, mostly nearshore, wells for its water supply.  St. 
George Island has a much higher population density and meets most of its water 
demands via an aqueduct from the mainland.  Potential effects on the 
hydrostratigraphy of St. George Island from the artificial recharge include increased 
freshwater lens volume, increased submarine groundwater discharge (SGD) rates, and 
a degradation of groundwater quality.  Both islands use septic systems as the primary 
means of waste disposal.   

 The maximum lens thickness on both islands is shifted seaward of the island’s 
center and ranges from ~2 to 25 m on Dog Island, and from ~5 to 30 m on St. George 
Island.  The lenses extend down through unconsolidated sands into underlying 
limestone.  Density-dependent groundwater flow models show that a spatially 
variable recharge, correlated with vegetation, can account for the asymmetry observed 
in the freshwater lenses.  Groundwater seepage into 1-2 m deep water between St. 
George Island and the mainland varies systematically with island width, ranging from 
0.01 to 0.025 m/day.  Seepage measurements closer to shore show more small scale 
variability.  Ongoing monitoring will assess seasonal variations.   

INTRODUCTION 
  Dog Island and St. George Island are Holocene barrier islands 
consisting of 5-10 m of fine to coarse quartz sand overlying a thin (~0.5-2 m), 
Pleistocene layer described as clay, silt, or silt-sand (Schnable, 1966).  This is 
underlain by an additional 5-6 m of Pleistocene fine to coarse sand on St. George 
Island, though this unit is absent on Dog Island.  Beneath this package of 
unconsolidated material lies the Miocene limestone of the Floridan aquifer system.  
The Holocene-Pleistocene contact is found at an average depth of ~6 m beneath the 
back of the islands and ~9-10 meters beneath the Gulf side.  The Miocene limestone 
contact also slopes toward the gulf from a depth of 12-15 m on St. George Island and 
9-12 m on Dog Island. 

Dog Island and St. George Island are located several miles offshore of the 
panhandle of Florida, USA (Figure 1).  Access to Dog Island is by ferry only, which 
has limited the development there.  St. George Island, however, is connected to the 
mainland by a bridge, and is much more heavily developed.  Most homes on Dog 
Island are along the coast, and shallow wells provide the water supply for these 
homes, while septic systems are used for waste disposal.  Homes line the coasts of St. 
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George Islands’ developed areas as well as being fairly densely distributed inland of 
the coast.  Water demand far exceeds the supply potential from the freshwater lens, 
and an aqueduct supplies water from a well field on the mainland.  Many shallow 
wells are used for lawn and garden irrigation as well.  Septic systems are the primary 
mode of waste disposal; only a few developments have a central wastewater treatment 
facility.  The eastern third of St. George Island is a state park and represents 
essentially natural conditions. 

      Dog Island 
 

    

       St. George Island 
 

 
 
 
 
 
Figure 1. Location of Dog Island and St. George Island (area indicated by red box in 

inset). 

 The domestic water supply (via aqueduct) on St. George Island is a potentially 
significant source of artificial recharge to the freshwater lens.  In 1998, the island 
consumed ~600,000 m3 of water, the bulk of which  was recharged to the aquifer 
through household septic systems.  For the developed portion of the island (~17.5 km 
long by ~500 m wide) this roughly translates to 0.07 m/yr of artificial recharge.  
Average precipitation recorded during the period from 1993-2000 is 1.04 m/year 
(Figure 3).  Depending on the percentage of precipitation which goes to recharge the 
freshwater lens, the artificial recharge is at least 7 % of the natural recharge (recharge 
= precipitation), and could be as much as ~25 % (recharge ≅  ¼ precipitation) or more.  
One goal of this study is to assess the impact (if any) of the artificial recharge on 
freshwater lens volume and SGD rates. Recent studies have shown that SGD can 
deliver a significant and sometimes dominant portion of the total nitrogen input to 
(Harris, 1995), and may also significantly affect the salinity of (Johannes and Harn, 
1985; Harrera-Silviera, 1996), shallow, nearshore estuarine and marine waters.  To 
establish the current and possible future relationships between development, 
groundwater flow, and SGD, we are (1) combining  geophysical and groundwater 
monitoring methods to image the freshwater lens and SGD patterns, and (2) building 
variable-density groundwater flow models of Dog Island and portions of St. George 
Island. 
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Figure 2. Average (from 1993-2000) and 2000 (missing Nov. and Dec.) monthly 
precipitation. 

METHODS 
 DC resistivity and electromagnetic (EM) surveys were performed to determine 
the spatial and temporal variations in the freshwater lenses of Dog Island and St. 
George Island.  EM surveys were carried out using the Geonics EM-34, which allows 
for the coverage of large areas in relatively little time at the expense of depth 
resolution.  Resistivity surveys were done using the Campus resistivity meter, and 
provide finer detail at specific sites.  Dog Island was surveyed extensively during the 
month of May, 1997, mostly with the EM-34, providing a single “snapshot” of the 
spatial variations in the freshwater lens.  St. George Island has been surveyed 
repeatedly during 2000 with both the EM-34 and the resistivity meter; there both the 
spatial and temporal variations in the freshwater lens are resolved. 

 Resistivity data in 50-electrode arrays were interpreted using the DCIP2d 
(Oldenburg and Li, 1998) inversion code and EM data were interpreted using the 
EMIX34 (Interpex, Inc.) inversion code.  Resistivity inversions image the 
freshwater/saltwater mixing zone to ~10 m depth.  Horizontal dipole readings were 
taken with 10 m, 20 m, and 40 m coil separations.  To interpret the EM data we 
assume a 3-layer earth structure.  The conductivities of the 3 layers are fixed (based 
on resistivity data and EM data collected over saltwater saturated sand only) at 10 
mS/m, 20 mS/m, and 300 mS/m (St. George) or 380 mS/m (Dog Island), nominally 
representing unsaturated sand, freshwater saturated sand, and saltwater saturated sand, 
respectively.  We then compute the best-fitting layer thickness of the upper 2 layers.   

 In addition to the geophysical surveys, we are conducting seasonal seepage 
meter experiments and groundwater monitoring.  The results presented in this paper 
are from an experiment in the shallow bay waters behind St. George Island over a 24 
hour period (tidal cycle) in May, 2000.  Seventeen seepage meters were deployed in 
1-2 meters water depth (low tide), ~100-200 meters offshore, along a line stretching 
much of the length of St. George Island.  The meters were left to collect seepage for 
~24 hours, when the bags were removed and the seepage volume measured.  More 
localized seepage experiments involving a series of meters in a transect running 
offshore have been performed with seepage measured many times during a single 
tidal cycle.  Future work planned includes pumping and slug tests to determine aquifer 
properties. 
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Figure 3. Results of modeling EM-34 surveys on Dog Island with model parameters 

of Table 1.  White dots indicate survey stations. 

RESULTS AND DISCUSSION 
The freshwater lens 

 Figure 3 shows Dog Island EM-34 measurement stations and the depth to the 
interpreted freshwater-saltwater interface.  The model was compared with water 
samples within and near the mixing zone at 5 sites and the calculated “interface 
depth” is found to lie near the top of the observed mixing zone.  The maximum lens 
thickness is ~25 m, and becomes much thinner where the island narrows.  The 
maximum lens thickness in any given cross-section across the island (from Bay to 
Gulf) also tends to be shifted towards the gulf from the island’s center. 

Three sets of EM-34 profiles were done on the central part of St. George 
Island during 2000.  The interpreted depth to the freshwater-saltwater interface is 
shown in Figure 4.  Similar to Dog Island, maximum lens thickness is ~30 m, and in 
any given cross-section tends to be shifted towards the Gulf from the island’s center. 
Little temporal variation in the freshwater lens is observed, beyond a freshened or 
enlarged lens from May to August.  Rainfall data supports this trend, as the island 
received almost no rain during the spring, with rainfall totals increasing during the 
summer and fall (Figure 2). 

Similar results from a set of higher resolution DC Resistivity surveys 
performed in an across-the-island transect on St. George Island, at four times during 
2000, are shown in Figure 5.  Unsaturated sand (above sea level) and freshwater 
saturated sand (below sea level) are represented in this figure by dark purple (<10 
mS/m) and blue (~20 mS/m).  Saltwater saturated sand is represented by red (300 
mS/m), and mixed fresh- and saltwater saturated sand by green, yellow and orange 
(~50-250 mS/m).   
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Figure 4. Results of modeling EM-34 surveys on St. George Island with model 

parameters of Table 1.  White dots represent survey stations.  Note some features of 
these plots are artifacts of the contouring process (i.e. lens probably does not pinch 

out between profiles). 



 

 6 

Except for in Line 1, there was a surficial fresh skin 2-3 m thick that persisted 
throughout the year.  The underlying mixed zone becomes fresher throughout the year 
in the central portion of the island.  Forward modeling of the resistivity data will be 
used to evaluate whether this apparent freshening of a mixed zone beneath a stable 
fresh layer is an artifact of the inversion or clearly constrained by the data.  In general 
the maximum freshwater lens thickness is toward the south (Gulf) end of Line 3.  This 
area is landward of the main dune ridge, but in an area of elevated open sands where 
recharge should still be high.   

 

 Line 1 Line 2 Line 3 Line 4 
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Figure 5. Results of resistivity surveys (below), and locations of surveys (above), on 

St. George Island.  Vertical (elevation above sea level) and horizontal (arbitrary) 
scales in meters. 

One possible explanation for the lens asymmetry lies in  the terrain of these 
islands, which differs substantially from the Gulf side to the Bay side.  The Gulf sides 
are lined with elevated dunes and vegetated with the scrub plants that thrive on and 
stabilize the dunes.  The Bay sides are forested and dotted with marshes and shallow 
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ponds.  On the dune (Gulf) side of the islands infiltration following rainfall should be 
rapid and the increased elevation along with the shallow nature of roots systems 
should keep evapotranspiration (ET) to a minimum.  In contrast, on the bay side of the 
island the low elevation, the deeper nature of root systems, and the many open bodies 
of water should contribute to higher ET rates.  The recharge is probably significantly 
higher beneath the dunes on the Gulf side of the island, and may even be negative in 
the forested and marshy areas of the Bay side of the island.  Groundwater modeling, 
discussed below, shows that a spatially varying recharge can account for the observed 
shape of the freshwater lens. 

a)  

b) 
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Figure 6. a) Location of seepage meters, b) Tidal variations in the bay during the 
seepage meter experiment, c) Measured seepage rates. 

Submarine Groundwater Discharge 

The regional pattern of bay-side seepage on the central part of St. George 
Island was assessed with a transect sampled during a single day, May 2000.  The 
locations of the seepage meters, and the measured rates are shown in Figure 7.  We 
observe a generally low variability in seepage (varies by a factor of ~2.5) along the 
island, with generally higher seepage rates on the wider portions and lower rates on 
the narrower portions of the island.  Local scale seepage experiments (many meters 
deployed in an offshore transect at specific locations) indicate a much higher 
variability in seepage (varies by order of magnitude or more).  The seepage meters are 
generally much closer to shore in the local scale experiments, so this may be 
indicating an increased level of heterogeneity in the bay floor sediments near the 
shore, with sediments becoming more homogenous further offshore.  However, 
additional data and interpretation are needed.  Finally, by measuring the seepage at 
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finer time scales (every 2 hours), it has been seen that the majority of seepage occurs 
at low tide, and some meters have recorded negative seepage rates at high tide.   

GROUNDWATER MODELING 
 Groundwater flow models of Dog Island and St. George Island were 
developed using the SEAWAT (Guo and Langevin, 1999) density-dependent 
groundwater flow code.  A model of Dog Island is shown in Figure 7.  The finite-
difference grid for this model is 100 m by 100 m, except within the area of the island, 
where the cells are only 50 m (y direction) by 100 m (x direction).  There are ten 4 m-
thick layers.  Boundary conditions are constant head/constant concentration, and were 
assigned to the entire border of each layer and all cells in layer 1 representing open 
seawater.  In the absence of any evidence from the geophysical surveys that the 
freshwater lens geometry is constrained by lithology, we assume a homogeneous 
model, with horizontal and vertical hydraulic conductivity set to 5 m/day and 0.5 
m/day, respectively.  Porosity and specific yield are assumed to be 0.25 and 0.2, 
respectively.  This model was run with no dispersion. 

a)  

b)  

Figure 7. a) Concentration plot of layer 1 of calibrated Dog Island model.  Red 
represents saltwater (35 kg/m3), blue represents freshwater, and yellows and greens 
are mixed water.  b) Recharge distribution for calibrated Dog Island model.  Dark 

blue = 5 cm/yr, light blue ≅  0 cm/yr, yellow = -2.5 cm/yr, grey = -7.6 cm/yr, orange = 
-12.7 cm/yr, light green = 10.2 cm/yr, dark green = 17.8 cm/yr, purple = 35.5 cm/yr.  

Cross markers show locations of calibration targets in layer 1. 

  The model was calibrated to the depth of the freshwater-saltwater interface, as 
inferred from EM-34 surveys, assigned as the depth to 50% seawater (17.5 kg/m3).  
The calibration parameter used is the areal recharge, because of the likely variations 
as discussed above.  The final recharge array is shown in Figure 7b.  This 
configuration of recharge yields an absolute residual mean of ~6 kg/m3 for the 63 
targets used.  The largest values of recharge are distributed beneath the dune line on 
the Gulf side of the island.  Negative values of recharge are used in areas on the back 
of the island where extensive marshes and ponds occur.  The model demonstrates that 
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variations in areal recharge that correlate with vegetation patterns could produce the 
observed asymmetry in the freshwater lens.  The sensitivity of the surficial aquifers to 
recharge patterns hints that the impact of artificial recharge via the septic systems 
could be significant, and the resulting impact on nearshore ecosystems needs to be 
understood in order to protect this environment and commercial resource.   

CONCLUSIONS 
 Resistivity and EM profiling has revealed an asymmetric freshwater lens 
(skewed towards Gulf) with a maximum thickness of 2-25 m on Dog Island and 5-30 
m on St. George Island.  A regional seepage experiment in the Bay behind St. George 
Island yielded rates between 0.01 and 0.025 m/day, generally varying with island 
width.  Density-dependent groundwater flow models have shown that a spatially 
varying recharge, correlated to vegetation/terrain patterns, can account for the 
observed spatial variability in the freshwater lens.  These models will serve as useful 
tools for understanding the impact of human development on groundwater flow 
patterns and water quality of these barrier islands. 
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