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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 coastal areas in Florida, increased chloride concentrations in ground water 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 it can be replenished, upward or lateral movement of saline water toward the pumped well(s) occurs. 

The potential for saltwater intrusion is higher 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 ground water supply of fresh water.  Once freshwater aquifers are impacted by saltwater intrusion, restoration of the aquifer system is difficult, costly and may often be impossible.  The alternatives to restoration, which include drilling new supply wells or desalinizing ground water before use, are also expensive.  However, increasing water demands have encouraged the development of new technologies to desalinize ground water that are now more economically feasible. The use of saline ground water as a source of public supply increased 178 percent between 1985 [17.28 million gallons per day (MGD)] and 1990 [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 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 more saline lower Floridan aquifers, with higher salinity 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 ensuring that the amount of pumping and water use does not exceed the available ground water supply and levels in the aquifers. Section 373.042(3), Florida Statutes, (1996 supp.) requires water management districts to establish minimum water levels in priority areas that are protective against regional saltwater intrusion.  The North West Florida WMD designates 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.  Telogia Creek is the only WRCA in the basin.  
Saltwater Intrusion Indicators 
Parameters used as indicators for saline waters mixing with fresh water in aquifers 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 is another indicator, used to identify the intrusion of relict seawater from deep mineralized aquifers.  Sulfate can have varying concentrations vertically and laterally and a 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 aquifer’s TDS levels are stabilized to 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 Upper Floridan aquifer, the dominant cations are Ca, Mg, Na, and K and 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 Lower Floridan aquifer has a TDS level of more than 100 times that of the Upper Floridan and is commonly 48,000 mg/L or higher.  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 an important inclusion in the saltwater intrusion indicator parameters.

Identifying Basin-wide Ground Water Quality Issues 
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 sampling for saltwater intrusion parameters included a total of 74 wells from this basin sampled from 1989-1999, with 18 wells in unconfined aquifers and 56 in confined aquifers. 

The Groundwater Resource Index (GRI) for saltwater intrusion is designed to evaluate the quality of ground water in the basin for use as a potable water supply.  The GRI for saltwater intrusion indicator parameters are based on the exceedance frequencies of sodium, chloride, sulfate and total dissolved solids.  The primary ground water standards that relate to saltwater intrusion are limited to sodium (160 mg/L), which is 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, with primary and secondary ground water standards were assessed as a group to determine whether ground water in the basin is threatened by modern or relict saltwater intrusion.

Status Network Saltwater Intrusion Analyses (2000)
The saltwater intrusion indicators were used to assess the Status Network well data in the basin.  None of the wells randomly selected were impacted by saltwater intrusion (Figure S5 and Table S1) as there were no exceedances of primary or secondary standards for any of the saltwater intrusion indicator analytes.  The analyses by aquifer confirms the saltwater intrusion indicators are within the expected range for freshwater aquifers (Appendix A).  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 N1.   COMPARISON OF UNCONFINED AQUIFER POPULATIONS 

	BACKGROUND NETWORK (1989-1999) TO STATUS NETWORK (2000)

	
	
	
	
	
	
	
	
	

	SALTWATER  INTRUSION
	Chloride
	Sodium
	Sulfate
	TDS

	Sampling Years
	Background
	Status
	Background
	Status
	Background
	Status
	Background
	Status

	
	1989-1999
	2000
	1989-1999
	2000
	1989-1999
	2000
	1989-1999
	2000

	Minimum *
	1.900
	1.500
	1.280
	0.710
	0.100
	0.100
	45.000
	7.500

	1st Quartile * 
	4.300
	3.500
	2.650
	2.100
	2.900
	0.770
	129.000
	26.000

	Median
	5.500
	4.500
	3.425
	3.000
	4.800
	2.700
	189.500
	47.000

	3rd Quartile
	8.100
	8.700
	5.775
	6.000
	8.500
	5.200
	327.500
	187.000

	Maximum
	260.000
	76.000
	130.000
	57.400
	26.000
	24.000
	640.000
	337.000

	Mean
	27.380
	12.140
	14.040
	9.150
	6.260
	4.260
	238.700
	103.910

	Relative Standard Deviation
	225.00%
	156.60%
	217.90%
	160.60%
	93.40%
	126.50%
	74.90%
	96.80%

	Total Wells
	21
	29
	20
	29
	20
	29
	10
	29

	Number BDLs
	6
	0
	0
	0
	1
	2
	0
	3

	Number MCL Exceedances
	1
	0
	0
	0
	0
	0
	1
	0

	Percent MCL Exceedances
	4.8%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	10.0%
	0.0%


	TABLE N2.   COMPARISON OF CONFINED AQUIFER POPULATIONS 

	BACKGROUND NETWORK (1989-1999) TO STATUS NETWORK (2000)

	
	
	
	
	
	
	
	
	

	SALTWATER INTRUSION
	Chloride
	Sodium
	Sulfate
	TDS

	Sampling Years
	Background
	Status
	Background
	Status
	Background
	Status
	Background
	Status

	
	1989-1999
	2000
	1989-1999
	2000
	1989-1999
	2000
	1989-1999
	2000

	Minimum *
	2.500
	1.800
	1.900
	2.100
	0.100
	0.100
	66.000
	73.000

	1st Quartile * 
	3.670
	3.075
	2.740
	2.925
	0.850
	0.458
	110.000
	133.250

	Median
	4.300
	4.300
	3.250
	3.850
	2.850
	4.500
	160.000
	156.500

	3rd Quartile
	5.150
	6.050
	4.700
	6.050
	7.150
	9.675
	220.000
	180.000

	Maximum
	130.000
	170.000
	64.000
	79.600
	260.000
	40.000
	590.000
	458.000

	Mean
	8.520
	10.630
	6.700
	7.570
	9.650
	7.440
	190.650
	169.700

	Relative Standard Deviation
	214.80%
	285.30%
	156.90%
	188.50%
	353.80%
	125.70%
	57.80%
	41.60%

	Total Wells
	63
	30
	58
	30
	58
	30
	37
	30

	Number BDLs
	0
	0
	0
	0
	6
	5
	0
	0

	Number MCL Exceedances
	0
	0
	0
	0
	1
	0
	1
	0

	Percent MCL Exceedances
	0.0%
	0.0%
	0.0%
	0.0%
	1.7%
	0.0%
	2.7%
	0.0%


Background Network Saltwater Intrusion Analyses (1989-1999)

The vast majority of confined and unconfined wells in the basin were not significantly impacted by saltwater indicators with 99% assessed to meet the applicable MCLs and only 1%  above the MCL for a given saltwater intrusion indicator (Figure S5).  The number of exceedances were far below the GRI threshold of 10% based on 83 wells and 287 observations 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.
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Figure S5

Associations Between Water Quality and Hydrogeology

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 (Tables S1 and S2) indicating saltwater intrusion has not significantly increased in freshwater aquifers.  Total dissolved solids were much higher in the Background Network unconfined wells than the Status Network with higher levels at stations near the coast and tidally connected rivers.  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. These data suggest that higher levels in saltwater indicators for both sampling networks are controlled by distance from coastal areas, pumping rates and well depth rather than proximity to sources of contamination or subsurface confinement.

Other Sources of Data

Other sources of data were researched and the location of stations sampled for saltwater intrusion indicators are shown in Figure S6.  Markers locate all stations that were sampled between 1989 – 2003, and exceedances are shown for the Status and Background Network, VISA study, private wells from the WSRP private well sampling, and HRS Study.  
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Figure S6

[HAIZHI - REDO  MAP AND SHOW STATION NO. BESIDE WELLS WITH EXCEEDANCES]
The historic data from other sources supports the Status Network results and confirms that on a basin-wide scale, ground water meets its designated use as a potable water supply based on saltwater intrusion indicators.  
· The Water Supply Restoration Program’s private wells did not have any exceedances for saltwater intrusion indicators.  

· The HRS Private Well Survey (1986-1997) had 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

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.

Determining the origin of elevated salinity can be complex since changes in chloride, sodium and total dissolved solids could be due to modern seawater advancing landward or relict seawater leaking upward 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 also 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

	 
	 
	 
	 
	 
	 
	 


Most exceedances for saltwater intrusion indicators occurred in the coastal portions of the basin and tidally influenced rivers.  Using the values in Table S3 for comparison, the saltwater intrusion indicators near the coast are in the range of typical values when modern seawater 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.  The saltwater indicators for this well compared to 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.

Changes in Basin’s Ground Water Resource

The analytical results for saltwater intrusion indicators in wells are considered an accurate representation of the actual ground water in the aquifer and not just water in wells.  Based on the basin-wide data from the Background and Status Network, we can conclude that there was no significant increase in median levels in the unconfined and confined Floridan aquifer system in the basin and the medians were near or lower than their relative background levels (Tables S1 and S2).   The 10 stations from the Trend/TV Network that are located within the basin boundaries indicate that basin-wide saltwater indicators have not significantly increased above background levels but subregional areas of concern exist in the basin.  These areas of local concern include Station 46 - Power Plant #4, a shallow unconfined Floridan monitoring well, where TDS ground water concentrations are consistently above the ground water standard; and Station 324 - NWFWMD Intermediate, a confined Intermediate well, where TDS has been significantly increasing during the period of record (1986-1990) and is elevated but did not exceed the ground water standard (Figure S6).  

Most of the wells have not been sampled recently and more current data from historic Temporal Variability Network wells is recommended to monitor changing resource conditions. These data along with future Trend and Status Network sampling will improve our ability to evaluate and demonstrate changes in the ground water resource.  
Conclusions of THE SALTWATER INTRUSION Assessment 

The GRI for saltwater intrusion analytes indicates there are no significant basin-wide saltwater intrusion issues in this basin.  There were few exceedances of the ground water standards in recent and historic data sources for saltwater intrusion indicators.  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.  The basin-wide median values and trend analysis indicate that saltwater indicators have not significantly increased above background levels but subregional areas of concern exist in the basin.  
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.
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