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ABSTRACT
An existing variable‐density groundwater flow and solute transport model, developed
for the northern part of Broward County, Florida, was used to predict the effect of sea‐
level rise on future coastal groundwater resources. Using average annual conditions
from 2005, simulations were performed for 100 years into the future using four
different rates of sea‐level rise: 0, 24, 48, and 88 centimeters per century. Results from
these predictive analyses suggest that the average concentration of groundwater
withdrawn at the municipal well field will exceed the potable limit after 70, 60, 55, and
49 years, respectively, for the four simulations.

INTRODUCTION
Sea‐level rise poses a significant threat to coastal freshwater resources of southern Florida. Not
only will a rise in sea level exacerbate existing problems with flooding, but a rise in sea level will
likely cause saltwater intrusion into the highly permeable Biscayne aquifer, which is currently the
sole source of drinking water for most of southern Florida. Estimates of sea‐level rise over the
next century are varied and highly uncertain. In 2001, the Intergovernmental Panel on Climate
Change (IPCC) reported a range of possible increases from 0.24 to 0.88 m, with a median value
of about 0.48 m (IPCC, 2001). In their most recent report, the IPCC (2007) presents estimates
from six Atmosphere‐Ocean General Circulation Models (AOGCMs). Within a 95% uncertainty
band, sea‐level increases from these six AOGCMs range from 0.18 to 0.59 m by the end of this
century (2090‐2099). Heimlich et al. (2010) suggest that the IPCC (2007) may have
underestimated rates of sea‐level rise because the AOGCMs did not account for glacial melting in
Greenland and Antarctica. Heimlich et al. (2010) cite results from several recent studies that
include the additional melting. These recent studies suggest that sea level could rise by as much
as 1.5 m by 2100.
Beginning in the mid 1970's, saltwater intrusion was observed near a municipal well field in
northern Broward County, Florida. Reduction of groundwater withdrawals at the well field in
the early 1980's resulted in an increase in groundwater levels and a subsequent retreat of the
saltwater front. Zygnerski and Langevin (2007, 2008) developed and calibrated a SEAWAT
(Langevin et al. , 2007) model for a 105‐year historical simulation period (1900‐2005) to evaluate
the predominant causes of saltwater intrusion near the well field. The model represented
monthly variations in groundwater flow and dispersive salt transport within the shallow Surficial
Aquifer System, which contains the highly permeable Biscayne aquifer. Dominant hydrologic
processes, including recharge, evapotranspiration, surface and groundwater interactions, and
well field withdrawals, were included in the model. A sensitivity analysis showed that excessive
groundwater withdrawals were the primary cause of the observed saltwater intrusion event, and
that sea‐level rise, recharge variations, and canal levels also had a measureable effect on the
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position of the saltwater front. For the calibration period, sea level rose by about 25 cm, which
is comparable to the lower bound of the IPCC (2001) prediction. This measured rise was shown
to contribute only slightly to observed saltwater intrusion events.
This paper extends the work of Zygnerski and Langevin (2007, 2008) by predicting the effect of
possible increased rates of sea‐level rise on future saltwater intrusion patterns near a municipal
well field. Because of the present debate over sea‐level rise projections, rates from the IPCC
(2001) report were used for this analysis. Simulations representing 100 years were performed
using the lower bound, median, and upper bound predictions of sea‐level rise. A simulation
without a rise in sea level was also performed for comparison purposes.

Figure 1. Position of the 1 g/L total dissolved solids (TDS) contour for the four simulations with different
rates of sea‐level rise (SLR). Closed contours near municipal wells indicate areas of upconing. Closed
contours east of the municipal wells encircle fresher groundwater with TDS concentrations less than 1 g/L.
These fresher groundwater areas are caused by recharge from above.
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ANALYSIS
For this analysis, the previously calibrated groundwater flow and solute transport model was
modified to represent future conditions for a 100‐year simulation period. The assumption was
made that the average annual hydrologic conditions from a recent year (2005) would be
representative of future conditions. Simulations were performed with the model using four
different rates of sea‐level rise. For the first simulation, sea level was held constant at the
average annual 2005 level. For the remaining three simulations, sea level linearly increased over
the 100‐year simulation at rates of 24, 48, and 88 cm/century as predicted by the IPCC (2001).
Sea‐level rise was represented in the model by gradually increasing the Atlantic Ocean constant‐
head values. Intra‐annual variations in sea level were not represented in the simulations.
Results from the four simulations are shown in Figure 1 as contours of the 1 gram per liter total
dissolved solids (TDS) concentration for model layer 3. Layer 3 of the 9‐layer model was selected
because it coincides with a highly permeable production zone in the Biscayne aquifer. Most of
the municipal production wells pump from this zone, and thus, the proximity of saltwater to the
well field in this layer is of concern. Figure 2 shows a plot of well‐field TDS concentration relative
to time. The well‐field TDS concentration was calculated as a volumetric average using the
withdrawal rates and simulated TDS concentrations at individual wells. Lateral saltwater
intrusion rates are listed in Table 1. Table 1 also lists the simulated number of years before the
chloride concentration of groundwater withdrawn at the well field would exceed the potable
drinking water limit (TDS equivalent value of about 0.4 g/L).

Figure 2. Plot of the volumetric average TDS concentration for the municipal well field.

SUMMARY
Numerical simulations of saltwater intrusion suggest rising sea level may threaten fresh coastal
groundwater resources near a municipal well field in southern Florida. Use of average 2005
hydrologic conditions and a constant sea level result in TDS concentrations of the well field
exceeding drinking water standards after 70 years. This finding suggests that the 2005
withdrawal rates may not be sustainable. When sea‐level rise is included in the simulations,
drinking water standards are exceeded 10 to 21 years earlier, which indicates sea‐level rise has
the potential to significantly degrade water resources in south Florida. These simulations use
2005 annual average hydrologic conditions, including well field withdrawal rates and canal
levels, throughout the entire 100‐year simulation period. Aquifer stresses as well as decision
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making strategies may vary considerably in the future, and so results of these simulations are
uncertain. For example, south Florida well fields commonly have monitoring wells located
between the well field and the saltwater front. If saltwater intrusion were to be observed,
withdrawal volumes and canal levels could be managed to reduce the effects of sea‐level rise on
saltwater intrusion.
Table 1. Results from the four predictive simulations.
Simulated Rate of Sea‐
Level Rise (cm/century)
0
24
48
88

Lateral Intrusion
Rate in Model Layer
3 (m/yr)
15
17
18
21

Years Before Well Field
Exceeds Drinking Water
Standard
70
60
55
49
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