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Introduction to SALTWATER INTRUSION 

and Ground Water Quality
Saltwater intrusion is the movement of saline water into regions of an aquifer previously occupied by fresher and less saline ground water and can be the result of natural hydrologic processes or dramatically enhanced by pumping ground water (SWFWMD, 2003).  Saltwater intrusion is a potential threat to the quality of ground water for both inland and coastal areas.  In many areas, increased chloride concentrations in ground water along the coast and up to 14 miles inland indicate that saline water is gradually intruding into the freshwater zones of the Floridan aquifer system (Spechler, 2000).  

Saltwater is more dense than fresh water and exerts a constant pressure toward freshwater zones.  As long as fresh water levels in the aquifer are above sea level, the pressure from the fresh water limits the inland movement of the salt.  The problem of saltwater intrusion is aggravated by periods of drought during which there is not enough rainfall to replenish the fresh water aquifers.  When fresh water levels are decreased by drought, the zone where fresh and saltwater meet rises and degrades the fresh water aquifer.  Overpumping of coastal wells can also increase saltwater intrusion.  When ground water is pumped from the freshwater aquifers above the saline zone faster than can be replenished, upward or lateral movement of saline water toward the pumped well(s) occurs. 

The potential for saltwater intrusion is expected to increase where population increases necessitate increased ground water pumping, resulting in a decline in the potentiometric surface of the aquifer system.  Other changes such as climate and drought conditions can further stress the available fresh ground water supply.  Once freshwater aquifers are impacted by saltwater intrusion restoration of the aquifer system is difficult and costly and is often impossible.  The alternatives of drilling new supply wells or desalinizing ground water before use are expensive.  However, increasing water demands have encouraged the development of  new technologies to desalinize ground water that are now more economically feasible.  In 1985 the use of saline ground water as a source of public supply was 17.28 million gallons per day (MGD) and increased 178 percent in 1990 to about 47.56 MGD (Bergquist, 2003).  

Modern Seawater-Freshwater Interface
The lateral and vertical extent of the seawater-freshwater interface differs between unconfined and confined aquifers (Figure S1) (SWFWMD, 2003).  Pumping near the saltwater-freshwater interface can result in a lower head and an increased potential for lateral movement of saline water.  If seawater is moving laterally through the Upper Floridan aquifer, the saltwater is first detected in wells nearest the coast with subsequent landward movement of the freshwater-saltwater interface.  
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Figure S1

The seawater/freshwater interface near coastal areas is the hypothetical zone where the TDS concentration is 500 mg/L or greater and the chloride concentration is 500 mg/L or greater (Figure S2) (Sofia, 2003).  
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Figure S2

Relict Saltwater-Freshwater Interface
There is also a saltwater/freshwater interface between the freshwater upper Floridan and the saline lower Floridan aquifers due to trapped ancient seawater.  Pumping from the shallower freshwater zones of the aquifer can result in a lower head and an increased potential for upward movement of saline water through nearly vertical zones of preferential permeability (Figure S3) (Barlow and Wild, 2002).  Structural anomalies can create zones of relatively high vertical hydraulic conductivity, thereby providing a hydraulic connection between freshwater zones and deeper, more saline zones.  Saline water entering the freshwater zones can mix and move through the porous matrix of the aquifer or along horizontal fractures or solution zones.  
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Figure S3

The first step in slowing the rate of movement of the saltwater-freshwater interface is to stabilize the regional ground water levels.  This involves coordinating the amount of pumping and water use with the available ground water supply and levels in the aquifers.  The Florida Statutes (Section 373.042(3)(1996 supp.)) requires water management districts to establish minimum water levels in priority areas that are protective against regional saltwater intrusion.  The NWFWMD designates some areas as Water Resource Caution Areas if they are expected to experience significant or widespread reductions in water levels, saltwater intrusion or other degradation within the next 20 years.  The minimum aquifer level is established as a single value, representing the average potentiometric surface over the area of interest.  

Saltwater Intrusion Indicators 
Ground water parameters used as indicators for saline waters mixing with fresh water include chloride (Cl -1), sodium (Na+1), sulfate (SO4 -2), specific conductivity (SC), temperature and total dissolved solids (TDS).  Concentrations of these saltwater intrusion indicator analytes are very different for fresh and saline waters.  Fresh water typically has a chloride ion concentration of less than 40 mg/L, TDS of 0-1000 mg/L and a specific conductivity of 50-500 uS/cm. Sea water is mainly comprised of chloride (19,000 mg/L) and sodium (10,500 mg/L) (Figure S4).   Chloride and TDS are the most commonly used indicators of seawater intrusion into fresh ground water.  When chloride levels are low (less than 50 mg/L) there is little seawater mixing.  Sulfate concentrations can vary vertically and laterally and range from less than 0.2 to 3,000 mg/L.  The typical statewide characteristics of the salinity zones and aquifers are discussed further in a later section of this document and are shown in Table S3.
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Figure S4

The Upper Floridan maintains a TDS of less than 500 mg/L by saturation with calcite and dolomite, and smaller amounts of dissolved iron, manganese, nitrate, phosphate, fluoride, strontium, sulfide, and silica depending on local occurrence.  Within the system the dominant cations are Ca, Mg, Na, and K; the dominant anions are HCO3, Cl, and SO4. In the Upper Floridan, dissolved-solids concentrations vary from less than 25 mg/L near outcrop areas to more than 25,000 mg/L along the coasts (Sofia, 2003).  The water type of the Lower Floridan aquifer is similar to seawater and is sodium and chloride rich with typical chloride concentrations of 5,000 mg/L at the top and 19,000 mg/L at the base (Reese and Memberg, 2000).  However, the ground water originating from the lower Floridan aquifer can have high sulfate concentrations (commonly 1500-3000 mg/L in inland areas) with low chloride concentrations (25 mg/L or less).   Therefore sulfate is included in the saltwater intrusion indicator parameters.

Ground Water Quality Analyses 

The evaluation of ground water quality is based on currently available data from the Department’s two major statewide ground water sampling programs, the Background Network and the Status Network (Maddox, et al, 1992; Copeland, 2001).  The Status Network randomly selected and sampled fifty-nine wells and one spring within the basin in the year 2000 (Appendix A).  There were a total of one spring and 29 wells in the unconfined aquifer group and 30 wells in the confined aquifer group.  The Status Network saltwater intrusion analytes for this basin included filtered chloride, sodium, sulfate and total dissolved solids and these analytes were also included in the Background Network sampling.  The Background Network included a total of 74 nonrandom wells from this basin sampled from 1989-1999 with 18 wells in unconfined aquifers and 56 in confined aquifers.  Descriptive statistics for the Status and Background Network are provided in Appendix A and B.  

The data analyses for saltwater intrusion begins with chloride, sodium, sulfate and total dissolved solids so that the ground water standards can be applied.  The primary ground water standards that include sodium (160 mg/L) are based on health effects.  Secondary standards for chloride (250 mg/L), sulfate (250 mg/L) and total dissolved solids (500 mg/L) are based on aesthetics or suitability for potable water.  These analytes are assessed as a group to determine whether ground water is threatened by modern or relict saltwater intrusion.

The Groundwater Resource Index (GRI) for saltwater intrusion is designed to evaluate the quality of ground water for the basin using two categories and the highest designated use as a potable water supply.  A GRI threshold of more than 10% in the Unacceptable for Designated Use category triggers a more detailed evaluation to determine if a basin-wide issue exists.  The GRI is defined as follows for saltwater intrusion indicator parameters that include sodium, chloride, sulfate and total dissolved solids:

Met GW Saltwater Intrusion Standards
-
Detections at or below the MCL; and
Did Not Meet GW Saltwater Intrusion Standards
-
Exceeds the MCLs listed above.  
Status Network Saltwater Intrusion Analyses (2000)
The saltwater intrusion indicator data were analyzed for the Status Network wells in this basin.  The majority of confined and unconfined wells randomly selected were not significantly impacted by saltwater intrusion.  There were 100% of the wells that Met the Saltwater Intrusion Standards and 0% that Did Not Meet the Saltwater Intrusion Standards for ground water (Figure S5 and Table S1).   There were no exceedances of primary or secondary standards for any of the saltwater intrusion indicator analytes.  The analyses by aquifer indicates these parameters were detected in all three major aquifers (surficial, unconfined Floridan and confined Floridan) but were below the GRI threshold of 10% exceedances.  Based on the findings in the Status Network, there is little probability of a basin-wide or subregional saltwater intrusion issue for this basin.     
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Figure S5

	TABLE S1.  WATER QUALITY IN UNCONFINED STATUS NETWORK WELLS (2000)

	
	
	
	
	
	
	

	SALTWATER INTRUSION
	Chloride
	Sodium
	Sulfate
	Total Dissolved Solids
	Total Wells
	Wells (%)

	Nondetections
	0
	0
	7
	3
	10
	4%

	Detections < = MCL
	60
	60
	53
	57
	230
	96%

	Exceedances MCL
	0
	0
	0
	0
	0
	0%

	Total Wells
	60
	60
	60
	60
	240
	100%

	Percent MCL Exceedances
	0%
	0%
	0%
	0%
	0%
	 


Background Network Saltwater Intrusion Analyses (1989-1999)

The saltwater intrusion indicators were analyzed for the Background Network wells in this basin.  The majority of confined and unconfined wells in the basin were not significantly impacted by saltwater indicators.  There were 99% of the wells that Met the Saltwater Intrusion Standards and 1% that Did Not Meet the Saltwater Intrusion Standards for ground water (Figure S5).  The number of exceedances were below the GRI threshold of 10% based on 328 wells in the Background Network.  The Background Network confirms the findings from the Status Network that there is little probability of a basin-wide saltwater intrusion issue when considering the designated use of ground water as a potable supply in this basin.

Figure S5
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	TABLE S2.  WATER QUALITY IN BACKGROUND NETWORK WELLS (1989-1999)

	
	
	
	
	
	
	

	SALTWATER INTRUSION
	Chloride
	Sodium
	Sulfate
	Total Dissolved Solids
	Total Wells
	Wells (%)

	Nondetections
	0
	0
	37
	0
	37
	11%

	Detections < = MCL
	84
	85
	77
	42
	288
	88%

	Exceedances MCL
	0
	0
	1
	2
	3
	1%

	Total Wells
	84
	85
	115
	44
	328
	100%

	Percent MCL Exceedances
	0%
	0%
	1%
	5%
	1%
	 


Other Sources of Data

Other sources of data were researched and the stations that represent locations of saltwater intrusion sampling are illustrated with Figure S6.  Markers locate all stations that were sampled between 1989 – 2003 and exceedances are shown for the Status and Background Network and VISA study.  Exceedances are also shown for the private wells from the WSRP private well sampling and HRS Study.  Most exceedances for saltwater intrusion indicators occurred in the coastal portions of the basin and associated tidally influenced rivers.  

[image: image7.wmf]#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

#

S

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

%

U

#

S

#

S

#

S

#

S

#

S

#

S

#

S

$

T

$

T

$

T

$

T

$

T

#

Y

#

Y

#

Y

#

Y

C

O

D

Y

 

S

C

A

R

P




p
Wells without MCL Exceedances
l 
Wells with Chloride MCL Exceedances

u
Wells with Total Dissolved Solids MCL Exceedances

x
Wells with both Chloride and TDS MCL Exceedances
y
Wells with Sulfate and TDS MCL Exceedances

[Note:  Legend above needs graphics editor]

Figure S6

The historic data supports the Status Network results and confirms that on a basin-wide scale, ground water meets its designated use as a potable water supply for saltwater intrusion indicators with a low incidence of exceedances.  There are indications from the historic data that a subregional area of saltwater intrusion exists along the coastline and tidally connected rivers.

· The Water Supply Restoration Program’s private wells did not have any exceedances for saltwater intrusion indicators.  

· In the HRS Private Well Survey (1986-1997)  two unconfined aquifer wells exceed the MCL for chloride and total dissolved solids near  the coast in Wakulla County.    

· The South Tallahassee VISA  did not have any exceedances for saltwater intrusion indicators. 

MICROLANDUSE AND SOURCES OF SALTWATER INTRUSION

The origin of salinity can be complex since changes in chloride, sodium and total dissolved solids could be due to modern seawater advancing landward or relect seawater upward leakage of bracklish water from lower mineralized aquifers.  The range of typical values from a number of researchers has been compiled to interprete saltwater intrusion data (Table S3).  The chemical and isotopic (hydrogen, oxygen and strontium) composition of ground water has been used by USGS to investigate the origin of salinity, but this is difficult when data suggests the ground water is a mixture of freshwater recharge, upward leakage and modern seawater (Schmerge, 2001).  If saltwater intrusion is due to upwelling from deeper ground water then sulfate and chloride concentrations would be expected to increase rapidly with depth.  Sulfate in ground water is generally lowest inland particularly where the Floridan aquifer is unconfined and/or near the surface and highest in the deeper confined Floridan aquifer system.  Sulfate enriched ground water (>100 mg/L) occurs as a natural occurrence primarily where there is dissolution of evaporite minerals (gypsum and anhydrite), which are found at the base of the Upper Floridan aquifer, or in the underlying middle confining unit and Lower Floridan aquifer (Sacks, 1995).  

	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	

	TABLE S3.   STATEWIDE CHARACTERISTICS OF SALINITY ZONES AND AQUIFERS

	
	
	
	
	
	
	

	SALINITY AND AQUIFERS
	Altitude (fmsl)
	Total Dissolved Solids (mg/L)
	Chloride (mg/L)
	Specific Conductance (uS/cm)
	Sodium (mg/L)
	Sulfate (mg/L)

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Freshwater   

Surficial and   Upper Floridan
	0-2064
	172-289
	5-26
	50-500
	5
	0.2-100

	Brackish                    Upper Floridan
	2064-2176
	1360-4330
	190-1300
	2500-25000
	 
	1-1300

	Saline                        Mid-Confining Unit
	2176-2675
	33600
	18000
	35000-37000
	 
	

	Brine                       Lower Floridan
	2675-2710
	48300
	26000
	43000-50000
	 
	1500-3000

	Seawater
	0
	35000
	19000-20700
	52400
	10760
	2900

	 
	 
	 
	 
	 
	 
	 


Using the values in Table S3 for comparison, the saltwater intrusion indicators near the coast are in the range of typical values when saline water mixes with freshwater.  The well in the northern portion of the basin with high sulfate and total dissolved solids is a public supply well with a total depth of 606 feet.  These geochemical signatures suggest some upconing of relict seawater from the Lower Floridan may be the source.  It is of interest that private wells with high total dissolved solids values also have very high iron concentrations.

Increased water demands and pumping as a result of agricultural activities in the northern portion or coastal development in the southern portion of the basin can create subregional areas of saltwater intrusion.  The upper Telogia Creek drainage basin in Gadsden County has been designated as a Water Resource Caution Area and is an agricultural area with high water demands.   The coastal region, southern Wakulla County, is experiencing a high rate of development and is vulnerable to future saltwater intrusion from pumping of wells in areas near the shoreline or tidal rivers.

Changes in Basin’s Ground Water Resource

There is no significant difference between the GRI for the Status and Background Network.  The descriptive statistics show very little difference between the median levels in the Status and Background Network for chloride and sodium (Appendix A and B).  However, total dissolved solids were much higher in the Background Network unconfined wells than the Status Network.  The median levels for sulfate were much higher in the Status Network than the Background Network.  Sulfate concentrations in Background Network confined wells had a much higher relative standard deviation indicating more variance in the data. 

Conclusions of THE SALTWATER INTRUSION Assessment 

The GRI for saltwater intrusion analytes indicates no significant basinwide ground water issue exists in surficial, unconfined Floridan and Floridan aquifer wells with respect to the designated use of potable supply.  There were few exceedances of the ground water standards in recent and historic data sources for saltwater intrusion indicators.  The data indicate that there are no significant basin-wide saltwater intrusion issues.  The few wells in the HRS Study and Background Network that were found impacted by elevated saltwater intrusion parameters are in the southeastern portion of the basin near the coastal area and tidally connected rivers.  

Expected increases in water demands could lead to future degradation of the ground water supply.  These increased demands in the northern portion of the basin are associated with agricultural activities and in the southern portion are due to development along coastal areas The NWFWMD is continuing its monitoring efforts to detect changes in the migration of relict or modern seawater into freshwater aquifers.  Future water supply demands, however, will require continued monitoring of vulnerable areas.

APPENDIX A

STATUS NETWORK 

DESCRIPTIVE STATISTICS

APPENDIX B

BACKGROUND NETWORK

DESCRIPTIVE STATISTICS
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