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1.0 INTRODUCTION AND PURPOSE 
 
The South Miami-Dade Watershed Study and Plan (SMDWSP) is a long-term land 
planning and water resources study required by the Miami-Dade County Comprehensive 
Development Master Plan.  Divided into five major task areas, the Study includes a wide-
ranging look at South Miami-Dade County’s population growth; infrastructure; land 
ownership, including agriculture, industrial and urban land uses; pollution; water 
resources; wildlife; and natural areas.  The second part of Task 1 (Sub-task 1.8), 
completed in February 2004, established the parameters to be assessed in the Study.  
Saltwater intrusion was not identified as a parameter to be assessed in the Study, but the 
project team expressed a desire to examine, in a general manner, the extent of saltwater 
intrusion using available studies and to identify recommendations to restrict landward 
expansion of the salinity line.  Although saltwater intrusion does not appear to be getting 
substantially worse in the Study Area in recent years, it remains a concern as demands on 
the water supply increase.   
 
This report documents the extent of saltwater intrusion in the Study Area using existing 
literature, and provides recommendations to restrict landward expansion of the salinity 
line.  The recommendations herein contribute to the development of implementation 
strategies under Task 5 of the SMDWSP. 
 
2.0 SALTWATER INTRUSION IN THE STUDY AREA 
 
Saltwater intrusion is a natural process that occurs in virtually all coastal aquifers.  It is 
the movement of saline water (from the sea) flowing inland into freshwater aquifers.  The 
process is caused by the fact that saltwater has a higher density (because it carries more 
solutes) than freshwater.  The pressure beneath a column of saltwater is larger than that 
beneath a column of the same height of freshwater.  If these columns were connected at 
the bottom, the pressure difference would trigger a flow from the saltwater column to the 
freshwater column.  This is what happens in saltwater intrusion cases.  Inland, the 
freshwater column gets higher and the pressure at the bottom gets higher.  This offsets the 
higher density of the saltwater column, and saltwater intrusion stops where the pressures 
equilibrate.  The interface between the waters is diffuse, but is normally delineated by a 
chloride concentration of 250 milligrams per liter.   
 
Under pre-development conditions, the freshwater-saltwater interface in the Study Area 
extended to the coastline and freshwater discharged from springs on the floor of Biscayne 
Bay (Parker et al., 1955).  Saltwater was present only near the shoreline and was balanced 
by a relatively-higher water table of the freshwater aquifer onshore.  Figure 1 is a 
conceptual illustration of a freshwater-saltwater interface. 
 
The natural balance between freshwater and saltwater in the Study Area was altered, most 
substantially when the initial canal system was completed in 1967.  The canal system is 
the major factor influencing groundwater levels and the movement of the saltwater 
interface in the Study Area.  Construction of the canal system lowered aquifer water 
levels by diverting and discharging freshwater directly to the ocean.  The soils in south 
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Miami-Dade County are relatively thin and canals are cut into the oolite and bryozoan 
facies of the Miami Limestone and have penetrated into the Fort Thomson Formation in 
some areas.  As a result, these canals are directly connected to some of the most 
permeable sections of the Biscayne aquifer and water flows readily between the aquifer 
and the canals.  This leaves the aquifer more at risk of head losses and potential impacts 
due to tidal influences.  Additionally, activities that lowered the aquifer (i.e., gravity 
outflow, pumping, groundwater withdrawals) led to reduced groundwater pressures and 
allowed landward movement of the saltwater intrusion line as the freshwater layer and 
the denser saltwater migrated landward to re-establish equilibrium conditions.  
 

 
Figure 1 

Conceptual Illustration of a Freshwater-Saltwater Interface (Barlow, 2003) 
 
Coastal well-field withdrawals also contributed locally to lower aquifer water levels and 
saltwater intrusion.  There are numerous small municipal well fields, but due to the low 
pumpages and high hydraulic conductivities of the Biscayne aquifer, they appear to have 
had a relatively small effect on regional water levels (Sonenshein, 1996).   
 
The rate of saltwater intrusion in southeast Florida has been slowed in the past several 
decades by the addition of water control structures and operational changes of the canal 
system.  In the Study Area, the South Dade Conveyance System has helped mitigate 
over-drainage and has stabilized movement of the interface that occurred prior to the 
1970s (Renken et al., 2000).  The lateral extent of saltwater intrusion in 1984 and 1995 is 
shown in Figure 2.  The saltwater interface in 1995 is in the same general location as in 
1984.  Although some isolated areas show evidence of landward movement of the 
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saltwater intrusion line, others trend towards a seaward movement of the line.  It is more 
likely that differences in the location of the line are attributable to a variety of factors 
rather than an actual movement of the interface.  Such factors include a larger data 
source, different methods of collecting the data, and different ways of interpreting 
available data sources (Sonenshein, 1996; Langevin, 2001).  This conclusion is supported 
by a temporal chloride concentration study performed by the USGS (Langevin, 2001) in 
support of the development of a regional groundwater model for Biscayne Bay.  As a 
result of this study, which used data collected from 39 sampling points between 1989 and 
1998, Langevin concludes that “based upoin this temporal analysis of chloride 
concentration, it seems that the position of the saltwater intrusion line, for the most part 
did not appreciably change.”  Figure 3 illustrates a typical cross-section of the interface 
in the Silver Bluff area in the northern part of the Study Area.   
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