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Executive Summary 
The Wekiva River System in Central Florida is fed by groundwater flowing from at least 
30 artesian springs. This water wonderland has gradually declined from a pristine blend 
of clear water and wetland wilderness, to an increasingly impaired, depleted, and altered 
neighbor to one of the most developed landscapes in modern Florida. Despite a unique 
public and regulatory effort at holistic protection, the Wekiva River System’s ecological 
health continues to degrade, losing native plant and animal populations and aesthetic 
appeal to a growing population of recreationalists. 

This restoration plan describes the current conditions in and around the Wekiva River 
System that explain and illustrate these unacceptable ecological changes. Spring and river 
flows are below regulatory minimum flows and levels and are continuing to decline. 
Nutrients, especially nitrogen, are more than four times higher than state-mandated 
concentrations. Recreation impacts are excessive, despite the multiple layers of state and 
federal designations of the Wekiva as an ecosystem to be “protected for the enjoyment of 
future generations”. 

The good news is that nutrient concentrations in many of the Wekiva River feeder springs 
have declined or stabilized, unlike many other impaired springs and spring-fed rivers. 
The bad news is that anticipated development and additional groundwater extraction 
and pollution are likely to prolong or further exacerbate an already unacceptable level of 
ecological harm. 

The Friends of the Wekiva River and allied advocates must take heart that these problems 
are solvable. Spring flows can be restored to healthy levels by cutting back groundwater 
extractions by more than 50% through implementation of meaningful urban and 
agricultural water conservation measures and more effective storage and utilization of 
rainfall and stormwater. Necessary nitrogen load reductions exceed 75% but can be 
achieved by eliminating unnecessary fertilizer uses, connecting the most polluting septic 
systems to central wastewater utilities with advanced nitrogen removal, and replacing 
the most polluting agricultural practices with advanced best management practices such 
as unirrigated, unfertilized forestry. Publicly-owned springs must receive more 
thoughtful management to preclude damaging activities and excessive human use in 
their most sensitive areas. 

Most importantly, a new generation of leaders are needed who are responsive to the best 
interests of the public. Those who care about the future of the Wekiva River System need 
to take control of the discussion about the adoption and rigorous implementation of a 
sustainable human and environmental economy in Central Florida. 
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Introduction 
Florida’s Springs 
Florida’s Springs Region is home to more than 1,000 artesian springs, including the 
largest concentration of first magnitude springs in the world (Exhibit 1, Knight 2015). 
These springs thrive on clear groundwater inflows from the Floridan Aquifer System – 
rainwater stored in a honeycombed limestone geologic formation that extends over an 
area of nearly 100,000 square miles (mi2) under all of Florida and portions of Georgia, 
South Carolina, Alabama, and Mississippi. 

 

  
Exhibit 1. Principal springs of Florida and their flow status (source Florida Geological 
Survey). This figure illustrates the locations of 462 of the state’s 1,024+ documented 
springs. 
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Florida’s Springs’ Region covers approximately 19 million acres and generally extends 
from the western panhandle, east to the St. Johns River, and south to Interstate 4 (Knight 
2015). Many springs occur in predominantly rural areas of the state, e.g., the Suwannee 
River Basin; while others are located adjacent to the most populous parts of North 
Florida, including Tampa and Orlando. While Florida’s artesian springs vary in many 
respects, including flow rate, mineral content, geography (coastal vs. inland), wildlife, 
and ownership; most have something in common – Florida’s springs are suffering from 
a combination of severe impairments due to human development activities, including 
reduced flows and increasing nutrient concentrations. 

Why Springs are Important 
Springs and spring runs are a unique class of freshwater ecosystems. They differ from 
most fresh water aquatic environments in appreciable ways. Springs benefit from 
relatively constant inflows compared to many streams and rivers. They exhibit high 
water clarity unlike most streams and rivers, and they are characterized by optimal light 
availability for primary productivity. And unimpacted springs have consistent chemistry 
and water temperature because of their reliance on groundwater inflows. 

This unique blend of physical and chemical properties serves to optimize ecological 
efficiency and wildlife habitat in Florida’s springs and spring runs (Odum 1957, Knight 
2015). Highly stable environmental conditions in healthy springs promote the evolution 
of complex, adapted plant and animal communities. The efficient use of available light 
by spring ecosystems translates into high productivity of fish and other wildlife. In 
addition to the importance of spring runs for the support of highly productive warm-
water fisheries, and their support for other fresh water fauna such as turtles and water-
dependent birds, they are critical for the life history of other large and economically-
important migratory wildlife such as striped mullet, striped bass, Atlantic eels, and West 
Indian manatees.  

The Howard T. Odum Florida Springs Institute (FSI) has grouped Florida’s springs into 
15 principal Springs Focus Areas that include major and minor spring groups and their 
springsheds. The location and extent of the Wekiva River Springs Focus Area is 
illustrated in Exhibit 2. The Wekiva River System, including its many springs and rivers 
described in this plan, is entirely located within the St. Johns River Water Management 
District (WMD). 

Springflow Reductions                                                                                                    
In 2010, there was a total of 28,630 groundwater consumptive use permits (CUPs) active 
in the North Central Florida Springs Region (Exhibit 3). These permits authorize an 
average groundwater extraction of 4.63 billion gallons/day (BGD). It is critical to 
understand that all fresh groundwater extracted in these three WMDs would otherwise 
contribute to spring and diffuse groundwater discharges to Florida’s streams, rivers, and 
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estuaries. Since the karstic limestones of the Floridan Aquifer System are interconnected 
throughout the St. Johns River WMD and neighboring WMDs, spring flows in the 
Wekiva River Springs Focus Area are reduced by regional groundwater extractions. 

Exhibit 2. Approximate extent of 15 Florida Springs Restoration Focus Areas 
delineated by the Florida Springs Institute that are threatened by development 
pressures. (The Wekiva River Springs are included in the Upper St. Johns Springs 
Restoration Focus Area and are highlighted in red type). 

 

While some groundwater uses are measured, many are not monitored (Marella 2014). For 
this reason, the USGS has estimated all water uses in Florida since 1950 (Marella 1995). 
Groundwater is the principal source of freshwater supply in Florida and increased by 
600% between 1950 and 2010, from 590 MGD to 4,166 MGD (Marella 1995, 2014). Total 
estimated fresh groundwater extraction in the St. Johns River WMD increased by 37% 
between 1975 and 2010, from 715 to 979 MGD. Estimated groundwater uses in the St. 
Johns River WMD in 2010 were: public supply – 54%, agriculture – 29%, 
commercial/industrial/mining – 7.2%, domestic self-supply – 6.9%, recreational – 2.2%, 
and power – 1% (Marella 2014). 

Wekiwa 
Springs 
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Exhibit 3. In 2010 there were a total of 2,444 consumptive use permits in the St. Johns 
River WMD (indicated by red dots), authorizing a total daily groundwater extraction of 
about 1.4 billion gallons. Additional groundwater use permits in the Suwannee River 
WMD (yellow dots) and in the Southwest Florida WMD (green dots) authorize an 
additional extraction of 3.2 billion gallons each day and exert a regional influence on 
Floridan Aquifer levels and spring flows (FSI, unpublished). 
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Water Quality 
Nitrogen (N) is a plant growth nutrient that is ubiquitous in the environment. Relatively 
low N concentrations can cause a significant shift in the balance of spring ecological 
communities, resulting in the replacement of native plants by invasive exotics and 
nuisance algae. Elevated concentrations of nitrate nitrogen in drinking water are 
chronically toxic to humans and have been linked to increased risk of cancer, birth 
defects, and methemoglobinemia (EWG 2016). 

Nitrate is the dominant form of nitrogen in groundwater and in spring discharges. 
Historically, nitrate was a minor constituent of spring water, when typical nitrate 
concentrations in Florida springs were lower than 0.05 milligrams per liter (mg/L). More 
recently, elevated concentrations of nitrate N (above 0.05 mg/L have been found in many 
springs (Exhibit 4). 

Elevated spring nitrate levels are a result of the widespread pollution of the Floridan 
Aquifer due to human activities at the land surface (Exhibit 5). When excessive N loads 
are applied to vulnerable areas of the springshed, a fraction of that N leaches downward 
into the groundwater. Since nitrate is relatively conservative and inexpensive to analyze 
in groundwater, it serves as an indicator of other pollutants that also enter groundwater 
due to human agricultural and urban activities. These other, potentially harmful, 
pollutants include a diverse mix of trace organics such as insecticides, herbicides, 
solvents, and pharmaceuticals that are rarely reported due to their high cost of analysis. 

Wekiva River System 
Located just north of Orlando in south Lake County, the Wekiva River flows north and 
east to the St. Johns River and receives over half of its average flow from at least 30 named 
springs (Exhibit 6). The estimated surface watershed for the Wekiva River System 
includes about 375 mi2 (240,177 acres) and the estimated pre-development springshed is 
about 983 mi2 (629,120 acres).  

The largest spring in this group (in terms of average flow) is Wekiwa Springs, located in 
Wekiwa Springs State Park (Exhibit 7 and Exhibit 8). Wekiwa Springs feeds Wekiwa 
Springs Run and is the headwaters of the Wekiva River. Flows from Wekiwa Springs Run 
are joined by surface and groundwater inflows from at least five smaller springs, 
Witherington, Barrel, Miami, Nova, and Island, and three major tributaries, Rock Springs 
Run, Little Wekiva River, and Blackwater Creek, to form the 17-mile Wekiva River that 
discharges into the St. Johns River near Debary, Florida. 

Rock Springs Run originates at Rock Springs, located in Kelly Park in Orange County 
(Exhibit 8). Rock Springs Run receives additional groundwater inputs from smaller 
springs, including Sulphur and Tram, and from surface runoff via extensive floodplain 
wetlands. Rock Springs Run extends for about eight miles from Rock Springs to its 
confluence with the Wekiva River about one mile downstream from Wekiwa Springs. 
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Exhibit 4. Median nitrate N concentrations measured in 57 Florida springs, 2001-2010 (source FDEP data). 
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Exhibit 5. Map of Florida groundwater average nitrate nitrogen concentrations (mg/L) 
with inset of the Wekiva River System springs contributing area (prepared by the Florida 
Springs Institute using groundwater data from 2000 to 2004). Blue areas (0.2 mg/L or 
less) do not show significant contamination, presumably due to presence of low 
permeability, confining sediments near the ground surface. Areas of elevated nitrate 
concentrations shown on this map illustrate the most vulnerable portions of the Floridan 
Aquifer to pollution from agricultural and urban development activities. 

. 

Wekiwa Springs
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Exhibit 6. Wekiva River springs and flow gauging stations (from Mattson et al. 2006).  
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Exhibit 7. Wekiva River Basin Management Action Plan (BMAP) basin and 2007 
contributing springshed groundwater basin in Orange, Lake, Seminole, and Polk 
Counties, Florida (FSI analysis). 
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Exhibit 8. Detailed maps of Orange County’s Kelly Park and Wekiwa Springs State park 
showing locations and public use facilities.
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The Little Wekiva River receives surface runoff from a watershed that includes about 
6,700 acres of urban uplands and 2,900 acres of floodplain wetlands. The Little Wekiva 
River also receives significant groundwater inputs from five principal springs, including 
Sanlando, Palm (Seminole), Ginger Ale, Starbuck, and Pegasus. The Little Wekiva River 
flows north about 10 miles from its headwaters in North Orlando to its confluence with 
the Wekiva River, 3.5 miles downstream from Rock Springs Run. 

Past and Future 
No other group of Florida artesian springs system has received the legislative and agency 
attention of the Wekiva River (Knight 2015). The Friends of the Wekiva River, a non-
governmental, citizens’ advocacy group, has been actively promoting restoration and 
protection of the Wekiva River since 1982. Despite this regulatory attention and 
outstanding citizen support, the ecology of the Wekiva River and its springs continues to 
degrade. Spring flows continue to decline in response to increased groundwater 
extractions throughout Central Florida and especially the greater Orlando metropolitan 
area. Concentrations of nitrate-nitrogen in the groundwater feeding these springs are still 
elevated in response to agricultural and urban fertilizer loads and a growing number and 
density of septic tank drain fields and wastewater disposal systems. In-water recreation 
and structural modifications continue to exert negative pressures on native flora and 
fauna. In short, while state and local actions may have slowed the rate of ecological 
collapse of the Wekiva River System, the collapse continues to unfold before our eyes. 

This Wekiva River and Springs Restoration Plan has been assembled by the Howard T. 
Odum Florida Springs Institute (FSI) to provide an accurate and comprehensive current 
description of this springs group; to fully discuss the controllable and uncontrollable 
stressors on these springs; and to provide a vision of recovery and recommend the 
specific actions that should be taken to lead the Wekiva River and Springs back to a 
healthier ecological condition.   

Environmental Setting 
General (adapted from Toth and Katz 2006) 
The study area primarily includes Lake, Orange, and Seminole Counties in east-central 
Florida (Exhibits 6 and 7). The topography ranges from rolling highlands in Orange and 
Lake Counties, to flat, swampy lowlands along the Wekiva River floodplain in Seminole 
and Lake Counties. Land-surface altitudes in the rolling highlands are generally in the 
range 90 to 180 feet above mean sea level. In coastal areas and along the Wekiva River, 
altitudes generally are less than 30 feet above sea level. 

The climate of the study area is humid subtropical, with a mean annual air temperature 
of 21.7◦C. Rainfall is unevenly distributed throughout the area and varies seasonally. 
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Most of the summer rainfall is a result of local, convective thunderstorms which prevail 
from June through September. Normal summer rainfall can be substantially augmented 
by tropical storms and hurricanes that pass through the area. Winters typically are drier 
than summers. Most of the rainfall in winter results from frontal activity rather than from 
convective thunderstorms. 

Hydrology 

Precipitation 
The Wekiva River System is in east-central Florida, just north of the Orlando 
Metropolitan Area. Rainfall is measured and reported at thirty-one stations in the Wekiva 
River System and surrounding area (Exhibits 9 and 10). Exhibit 11 provides a summary 
of the 116 years of rainfall records synthesized from these stations. Median precipitation 
during this period was 50.3 inches per year, with annual extremes between 31.2 and 71.3 
inches. These data indicate that recent rainfall trends are generally within historic rainfall 
amounts typical of the past 100+ years of record. However, the two lowest annual 
precipitation averages on record occurred in 2000 and 2006 and are part of a generally 
declining regional trend in rainfall totals since the 1980s. 

Evapotranspiration 
Evapotranspiration (ET) is the amount of water that is returned to the atmosphere 
through evaporation and by transpiration through vegetation. Reported ET values are 
typically either potential ET (PET) or reference ET values and are used primarily in water 
balances for specific crops. Neither of these ET values accurately represent actual ET from 
a natural or developed landscape. In the absence of readily available water or well-
watered conditions, actual ET decreases during dry periods as water becomes less 
available within the soil profile. Actual ET was estimated for central Florida based on the 
work of Knowles (1996) who performed a detailed water balance for the Rainbow and 
Silver Springs basins in Marion and surrounding counties. Knowles’ work estimated an 
average ET to rainfall ratio for the 30-year period of 74%, with a range from 53 to 96%. 
Knowles’ estimated actual ET ranged from about 29 to 50 inches per year with a mean of 
38 inches per year. In general, ET is higher during higher rainfall years and lower during 
periods of low precipitation (Exhibit 12). 

Surface Water 
Exhibit 13 illustrates the extent of the surface watersheds that feed water to the Wekiva 
River. The total watershed area is estimated as 375 mi2 (240,177 acres). The four named 
sub-basins include the Wekiva (33.5 mi2 or 21,431 acres), the Little Wekiva River (14.9 mi2 
or 9,522 acres), Rock Springs Run (33.5 mi2 or 21,438 acres), and Blackwater Creek (19.8 
mi2 or 12,651 acres). 
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Exhibit 9. Rainfall measurement and reporting stations in and near the Wekiva River 
System (described in Exhibit 10). 
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Exhibit 10. Thirty-one rainfall gauges used to document the precipitation within and 
surrounding the Wekiva River System for the period-of-record from 1900 through early 
2016. 

 

Station Latitude Longitude County Source
Alexander Springs 3 SE 29.05000 -81.55000 Lake Jun-1956 Aug-1979 TAMU
Bear Lake at Apopka (RN) 28.65580 -81.44507 Seminole Feb-1990 Jun-2002 SJRWMD
Bithlo 28.55000 -81.12000 Orange Jan-1959 Nov-1987 TAMU
Charlotte St (RN) 28.68238 -81.35542 Seminole Aug-1994 Feb-2009 SJRWMD
Clay Island Weir at Astatula (RN) 28.65639 -81.70603 Lake Apr-1991 May-1997 SJRWMD
Deland 1 SSE 29.02000 -81.32000 Volusia Jan-1909 Dec-2015 TAMU
Eustis 2 S 28.85000 -81.68000 Lake Jan-1900 Nov-1958 TAMU
IFAS Gage at Winter Garden (RN) 28.65472 -81.55444 Orange Jun-1996 Jul-2011 SJRWMD
Lake Apopka Dedication Tower at Ferndale (RN) 28.66204 -81.68440 Lake Jan-1997 Dec-2009 SJRWMD
Lake Brantley at Altamonte Springs (RN) 28.69263 -81.42284 Seminole Feb-1990 Jun-2002 SJRWMD
Lake Emma at Sanford (RN) 28.75959 -81.35002 Seminole Jul-1995 Sep-1997 SJRWMD
Lake Louisa at Clermont (RN) 28.49753 -81.73382 Lake Jan-1996 Jun-2002 SJRWMD
Lake Maggiore at Zellwood (RN) 28.73577 -81.60311 Orange May-1995 Jun-2002 SJRWMD
Lake Seneca at Eustis (RN) 28.87099 -81.58783 Lake Jan-1992 Jun-2002 SJRWMD
Lisbon 28.87000 -81.78000 Lake Jan-1959 Dec-2015 TAMU
Mallard Lake at De Land (RN) 28.91283 -81.42098 Lake Jul-1992 Apr-2000 SJRWMD
North Marsh East (RN) 28.67000 -81.68833 Lake Apr-1991 Sep-1996 SJRWMD
NSRA Phase 2 S (RN) 28.64874 -81.57536 Orange Sep-2012 Jan-2016 SJRWMD
OR0650 Rock Springs Wells at Sorrento (RN) 28.77608 -81.43899 Orange Nov-1994 Jan-2016 SJRWMD
Orange City 28.93000 -81.30000 Volusia Jan-1900 Sep-1951 TAMU
Orlando Intl Arpt 28.43000 -81.33000 Orange May-1952 Dec-2015 TAMU
Orlando Sanford AP 28.78000 -81.24000 Seminole Jun-1951 Dec-2015 TAMU
Owens Pond at Eustis (RN) 28.88004 -81.46713 Lake Aug-1995 Sep-1996 SJRWMD
Sanford 28.80000 -81.27000 Seminole Jun-1956 Dec-2015 TAMU
Smith Lake at Zellwood (RN) 28.77279 -81.56894 Orange May-1995 Jun-2002 SJRWMD
South Marsh West (RN) 28.65472 -81.68982 Lake Apr-1991 Apr-1997 SJRWMD
Trout Lake at Apopka (RN) 28.62026 -81.51051 Orange Aug-1995 Jul-1998 SJRWMD
Wekiva Marina (RN) 28.71333 -81.44556 Seminole Jan-1992 Oct-1996 SJRWMD
Wekiva Park at Sanford (RN) 28.82444 -81.41556 Seminole Jun-1993 Jan-2001 SJRWMD
Wekiva Springs State Park (RN) 28.71117 -81.46563 Orange Oct-1992 Jul-2002 SJRWMD
Winter Garden STP Site 43A (RN) 28.57789 -81.58257 Orange Oct-1979 Oct-2002 SJRWMD

Period of Record
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Exhibit 11. Precipitation summary for the Wekiva River System located in east-central Florida based on an average of daily 
rainfall records from up to 31 rainfall gauges (see Exhibit 10) over a 116-year period-of-record. The figure includes annual 
average precipitation as well as the long-term trend as estimated by LOESS (locally-weighted statistical smoothing) 
analysis. Average annual rainfall in the Wekiva River Springs study area is 50.5 inches per year.
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Exhibit 12. Observed relationship between annual rainfall and evapotranspiration (ET) in 
Central Florida (adapted from Knowles 1996). Average annual ET in the Wekiva River 
Springs study area is estimated as 38 inches per year. 

 

The Wekiva River System is comprised of artesian spring flow, small creeks, numerous 
tributaries and secondary drainage. A tributary of the St. Johns River, the Wekiva River 
represents one of the major routes of surface drainage from portions of Orange, Seminole 
and Lake Counties.  

The Wekiva River Basin includes a variety of diverse and productive habitats 
characteristic of natural Florida. Extensive areas of wetlands border a major portion of 
the river. Pine flatwoods, scrub, and sandhills interspersed with lakes and sinkholes 
punctuate the basin. Elevations within the basin range from sea level to about 35 feet 
above sea level. In some areas sandhills rise abruptly to elevations ranging from 60 to 100 
feet above sea level. Of special importance are a regional collection of more than 30 
artesian springs that nourish the Wekiva River and its tributaries. 

Wekiwa Springs/Wekiva River Subbasin 

Wekiwa Springs and its spring run are located within Wekiwa Springs State Park, a 6,400 
acre publicly owned state park, managed by the Florida Park Service. Wekiwa Springs is 
located at the base of a grassy hillside used by park visitors for picnicking and recreation. 
The spring pool is kidney-shaped and walled, and it measures 105 feet in diameter. The 
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main vent, a 35-foot-long fissure in exposed limestone at a depth of 14 feet, produces an 
impressive boil. A secondary vent is about 2 feet high and 15 feet wide. The combined 
average discharge from these 2 boils is approximately 45 million gallons per day. The 
main vent has had little exploration due to its high velocity; however, the second vent 
has less flow, and approximately 600 feet of passage were surveyed in 1999. 

 
Exhibit 13. Surface watersheds of the Wekiva River System (SJRWMD data). The total 
surface water basin area is about 375 mi2 (240,177 acres). 



 

Wekiva River and Springs Restoration Plan 

25 

 

The springs discharge from at least five horizontal caverns 14 feet below the water 
surface. The pool bottom is mostly sand, except for an area in the southeast section where 
limestone rock of the Hawthorn Formation is exposed. The 60-foot-wide spring run flows 
in a northeasterly direction for approximately one-half mile to its confluence with Rock 
Springs Run, forming the Wekiva River. Witherington Springs, forms a small pool about 
60 feet in diameter, and is located near the center of Wekiwa Springs State Park, and 
forms the headwaters of Mill Creek, which flows east through a swampy area and then 
eventually joins Rock Springs Run. 

The headwaters of the Wekiva River begin at the confluence of Wekiwa Springs Run and 
Rock Springs Run. The waters forming the upper portion of the Wekiva River arise from 
both the Floridan Aquifer in the form of natural springs, and from drainage of 
approximately 130 square miles of watershed in north Orange County and northwest 
Seminole County. 

From the convergence of the Wekiwa Spring and Rock Spring Runs, the upper Wekiva 
flows about 0.25 mile to where it receives discharge from Miami Spring Run/Canal. The 
Little Wekiva River converges with the Upper Wekiva River about 3.75 miles 
downstream from Miami Spring Run/Canal. As the river passes through the Wekiva 
Swamp, the region between the inflow from the Wekiva Springs Run and Little Wekiva 
River, numerous small islands divert the flow. Low current velocity caused by the islands 
and submerged vegetation enhances the deposition of silt and organic debris along this 
reach. Eelgrass (Vallisneria Americana) is common along this reach and Brazilian elodea 
(Egeria densa), is present also. Water hyacinth (Eichhornia crassipes), an exotic floating 
macrophyte, also contributes to organic siltation in this area.  

Approximately six miles downstream from Wekiwa Springs the floodplain narrows and 
the sediments change from organic silt to sand, where eelgrass and Brazilian elodea 
dominate the aquatic plant community. From here the Wekiva River meanders 
northeasterly towards the St. Johns River. Wekiva Falls Run, a 2,000-foot tributary 
originating at Wekiva Falls Campground, merges with the Wekiva River just south of 
State Road 46. Wekiva Falls issues from two flowing wells, one 14-inch in diameter and 
the other 24-inch in diameter, with a combined discharge of 12-16 MGD.  

Average discharges from Wekiwa Springs (48 MGD), Rock Springs (41.8 MGD), Sanlando 
Springs (14 MGD) and Starbuck Springs (11 MGD) contribute to the high base flow rate 
of the Wekiva River, which increases significantly due to seasonal runoff within the basin. 
The flow gradient is one of the steepest in east central Florida averaging a drop of 1.6 feet 
per mile in eastern Lake County until meeting the lower elevations of the St. Johns River 
floodplain. Average discharge of the Wekiva River at State Road 46 is 186 MGD. A 
distinct stream habitat is created by, and is dependent on, the consistency of this flow. 
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Rock Springs/Rock Springs Run Sub-Basin 

Rock Springs is located within Kelly Park, a 200-acre facility owned by Orange County.  
Swimming, picnicking, camping, and nature study are all enjoyed in this wildlife 
preserve. Rock Springs represents one of the few areas in central Florida where the 
limestone of the Hawthorn Formation is exposed. The Hawthorn Formation, which 
contains impervious layers of marl and clay, overlies the Floridan Aquifer and acts as a 
confining bed for the artesian water present in the area. Crevices and solution channels 
have developed in the Hawthorn, providing a spring outflow from the Floridan Aquifer. 

The principal discharge from Rock Springs originates at the base of a partly submerged 
limestone bluff. Average discharge is about 41.8 MGD. A large public swimming area is 
located several hundred feet downstream from the spring, where some of the flow has 
been diverted and partly retained by concrete walls. Overflow from the swimming area 
is directed back to the spring run via a concrete weir. Rock Springs Run flows northward 
about 1.5 miles, then turns southward. The floodplain in this area is approximately three 
miles wide. Rock Springs Run meanders for a total of about nine miles before joining the 
Wekiwa Spring Run to form the Wekiva River.  

Little Wekiva River Sub-Basin 

The Little Wekiva River sub-basin occupies approximately 15 square miles located in the 
north central portion of Orange County and the western portion of Seminole County. 
Areas of extensive urban development border the lower reaches of the Little Wekiva from 
its headwaters at Lake Lawne in western Orlando to approximately one mile north of 
State Road 434 in Seminole County. Most of the natural vegetation in these areas has been 
replaced by housing, commercial and industrial enterprises, and other economic 
activities. The impact of development within the sub-basin has resulted in a reduction of 
natural drainage patterns, creating stormwater management issues. Several sections of 
the river have been channelized and numerous ditches, canals, and storm drains 
discharge directly into the river. 

Prior to 1977, several sewage treatment plants (STPs) discharged poor quality water into 
the Little Wekiva (Pine Hills STP, Lake Lawne STP, Fairvilla STP). Subsequent water 
quality problems prompted local governments to enforce more stringent wastewater and 
wetland regulations, which ceased wastewater surface discharges and initiated 
restoration activities on several lakes within the sub-basin. Recent studies have indicated 
improved water quality within the Little Wekiva sub-basin, but high nutrient loading still 
exists in some areas. 

In Orange and Seminole counties, groundwater exfiltration contributes to stream flow in 
the Little Wekiva River, but the primary source of stream flow is stormwater runoff.  
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The areas surrounding the upper reaches of the Little Wekiva River in Seminole County 
one mile north of State Road 434 are much less developed, and here the river flows 
through about six miles of unaltered stream bed.  

Approximately three miles south (upstream) of its confluence with the Big Wekiva, the 
Little Wekiva receives groundwater discharges from Seminole, Palm, and Starbuck 
Springs. This combined average of 14 MGD increases the river's flow and dilutes the 
pollutants remaining from the upstream sources. Downstream of the springs, the spring 
flow represents approximately 71% of total flow, and dominates stream flow until its 
confluence with the Big Wekiva River. Nonpoint nutrient sources also contribute 
significant inflows under high flow conditions. For three miles, south of its confluence 
with the Big Wekiva River, the Little Wekiva River is bordered by undeveloped swamp. 
These three miles of the upper reaches of the Little Wekiva River are designated as 
Outstanding Florida Waters and are included in the Wekiva River Aquatic Preserve. 

Blackwater Creek Sub-Basin 

Approximately one mile south of its confluence with the St. Johns River, the Wekiva River 
is joined by Blackwater Creek. Almost entirely in Lake County, Blackwater Creek flows 
approximately 28 miles from its headwaters at Lake Dorr to its confluence with the 
Wekiva. As an important surface drainage system for Lake County, the creek provides 
flood drainage relief for an area of approximately 125 square miles. The creek's 100-year 
floodplain varies greatly in width from 800 feet at State Road 44A to 5,100-7,000 feet along 
upstream and downstream reaches. Blackwater Creek receives spring inflows from 
Seminole and Messant Springs, and numerous other small springs. 

Surface Water Flows 

Surface water flows are measured and recorded at eight stations within the Wekiva River 
System (Exhibits 14 and 15). Exhibit 16 provides trend charts for each of the principal 
discharge stations in the project area. Combined flows at the two downstream-most 
stations on the Wekiva River upstream of its confluence with Blackwater Creek (Station 
2235000) and on Blackwater Creek (Station 30143084) averaged 421 cfs (272 MGD). 

In terms of individual stream flow contributions, Blackwater Creek is the largest with an 
average of 135.9 cfs (88 MGD) or 32% of the average flow, followed by the Little Wekiva 
River with 81.3 cfs (52.5 MGD) or 19%, followed by the Wekiwa Springs Run above Rock 
Springs Run with 61.5 cfs (39.7 MGD) or 15%, and Rock Springs Run with 54.8 cfs (35 
MGD) for 13%. Based on average differences there is approximately 33.8 cfs (21.8 MGD) 
entering the Wekiva River from sources immediately downstream of Wekiwa and Rock 
Springs (e.g., Sulfur, Barrel, Witherington, etc.); and 53.9 cfs (34.8 MGD) entering the 
middle and lower portions of the Wekiva and Little Wekiva Rivers.  
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Exhibit 14. Surface water discharge measurement stations in the Wekiva River System 
(see Exhibit 15 for station details).  
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Exhibit 15. Summary of Wekiva River System discharge measurement stations and 
statistics reported by the St. Johns River WMD and the USGS. 

 
 

 
Exhibit 16. Period-of-record stream flows for the Wekiva River and Blackwater Creek 
(USGS and SJRWMD data). 

 

There is no flow measurement gauge on the Wekiva River below its confluence with 
Blackwater Creek. However, flows at the mouth of the Wekiva River can be 
approximated by looking at upstream (Sanford, Station 02234500) and downstream flow 
gauges on the St. Johns River at Deland (Station 02236000) and at flows measured at 
Volusia Blue Springs (Station 02235500). Exhibits 17 and 18 summarize flows at these 

Station Stn No. Avg Max Min StDev N Source
Wekiwa Springs near Apopka, FL 2234600 58.2 111.0 40.0 9.1 1096 Oct-99 Sep-02 USGS
Wekiwa Springs at Altamonte Springs Discharge 371831 61.5 91.7 48.6 6.1 4808 Mar-32 Mar-16 SJRWMD
Wekiva River at Apopka Discharge 9522138 150.1 520.0 0.0 49.3 6394 Jul-95 May-16 USGS
Wekiva River at Old Rr Crossing near Sanford, FL 22349993 251.2 1070.0 120.0 126.5 2440 Jul-95 Mar-02 SJRWMD
Wekiva River near Sanford, FL 2235000 285.3 2060.0 105.0 128.8 29456 Oct-35 May-16 USGS
Rock Springs at Apopka Discharge 330830 54.8 83.2 37.0 5.9 5466 Feb-31 May-16 SJRWMD
Rock Springs near Apopka, FL 2234610 48.7 59.0 37.0 5.3 1461 Oct-98 Sep-02 USGS
Little Wekiva River near Altamonte Springs, FL 2234990 33.2 638.0 0.1 44.9 16184 Feb-72 May-16 USGS
Little Wekiva River at Springs Landing Discharge 9502132 81.3 799.0 18.6 67.2 2820 Mar-02 Nov-09 SJRWMD
Little Wekiva River near Longwood, FL 2234998 80.0 648.0 14.0 69.3 2468 Jun-95 Mar-02 USGS
Blackwater Creek near Cassia, FL 2235200 57.9 808.0 1.7 79.3 17823 Aug-67 May-16 USGS
Black Water Creek at Debary Discharge 30143084 135.9 1221.5 45.4 108.5 5674 Aug-91 Apr-16 SJRWMD
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stations and the difference in flows that approximates flows in the Wekiva River above 
its confluence with the St. Johns River (Deland flow minus Blue Springs flow minus 
Sanford flow provides an estimate of the total flow contribution from the Wekiva River). 
The average of the annual discharge totals using this estimation method for the period 
from 1933 through 2015 was 550 cfs (355 MGD) and 470 cfs (304 MGD) for the more 
recent, data-intensive period, from 1995 through 2016.  This analysis indicates a possible 
long-term flow reduction of as much as 80 cfs (52 MGD) or 15% over the past 83 years.  

 

 
Exhibit 17. Daily flow measurements at the downstream flow stations on the Wekiva 
River and Blackwater Creek and their sum that provides an estimate of total surface 
discharge from the entire Wekiva River System described in this report (USGS and 
SJRWMD data). 
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Exhibit 18. Reported surface discharge at Sanford, Volusia Blue, and Deland along the St. 
Johns River upstream and downstream of the Wekiva River, and by difference estimated 
flows at the mouth of the Wekiva River (USGS data). The average difference over this 
period-of-record is 470 cfs (304 MGD). 

Hydrogeology (adapted from Toth and Katz 2006) 
Hydrogeologic units in the study area include the surficial aquifer system, the 
intermediate confining unit, and the Floridan Aquifer System (FAS). The uppermost 
water-bearing unit is the surficial aquifer system, which is composed of Holocene and 
Pleistocene sand, clayey sand, clay, and some shell material (Exhibit 19). 

Surficial aquifer sediments are either thin or absent where springs are located. The 
intermediate confining unit in the study area consists of undifferentiated deposits of 
Pliocene sand, silt, and clay as well as Miocene phosphatic sand, silt, clay, limestone, and 
dolomite of the Hawthorn Group. The clays within the Pliocene sediments and the 
Hawthorn Group act as confining units that retard the vertical movement of water 
between the surficial aquifer system and the FAS. Although the thickness of the 
intermediate confining unit is variable (0 to 180 feet) throughout much of the study area, 
it is thin or breached at most springs. More detailed information about the geology and 
hydrology of these systems can be found in Tibbals (1990) and Knowles et al. (2002). 

-6000

-4000

-2000

0

2000

4000

6000

8000

10000

12000

14000

16000

1/1/1995 9/27/1997 6/23/2000 3/20/2003 12/14/2005 9/9/2008 6/6/2011 3/2/2014 11/26/2016 8/23/2019

D
is

ch
ar

ge
 (c

fs
)

Date

SANFORD (02234500) BLUE SPRING (02235500) DE LAND (02236000) SJR Difference



 

Wekiva River and Springs Restoration Plan 

32 

 

 

 
Exhibit 19. Typical hydrogeological cross-section from south to north through the Wekiva 
River System (from Toth and Katz 2006). 

 

Springs discharge water from the FAS, which lies directly beneath the intermediate 
confining unit. This aquifer system consists of a thick sequence (2,000 feet) of limestone 
and dolomitic limestone. The elevation of the top of the FAS is near land surface near the 
Wekiva River.  

The FAS has been divided vertically into three zones based on permeability (Miller 1986). 
Two relatively high permeability zones are referred to as the Upper and Lower Floridan 
aquifers. These two zones are separated by a less permeable dolomitic limestone referred 
to as the middle semi-confining unit, which is more than 400 feet thick in the study area. 
The Upper Floridan aquifer (UFA) generally consists of the Ocala Limestone and 
dolomitic limestones of the Upper Avon Park Formation. Permeable intervals of the 
Ocala Limestone are characterized by small to large (cavernous) porosity. The 
permeability of the Upper Avon Park Formation is due primarily to fractures and 
interconnecting solution cavities. Permeability of both units is enhanced by dissolution 
along bedding planes, joints, and fractures. 

The Lower Floridan aquifer (LFA) generally consists of the lower part of the Avon Park 
Formation, and the Oldsmar Formation (Miller 1986). The depth to the top of the LFA is 
greater than 900 feet in the Wekiva area. The upper surface of the FAS is irregular and 
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paleo-karstic (Knowles et al. 2002). Karst topography is present near most springs and 
generally is characterized by a lack of surface drainage features, and the presence of 
sinkholes, sinkhole lakes, and numerous springs. 

Springshed Delineation 

The Wekiva Springshed is the groundwater basin that feeds artesian flows through the 
Wekiva River springs. The delineation of this basin is illustrated in Exhibit 20 for the 
estimated predevelopment condition as estimated by Bush and Johnston (1988), and 
using a typical potentiometric map representing 2010 conditions. The predevelopment 
groundwater basin that feeds the entire Wekiva River System is estimated as 967 mi2 
while the estimated May 2010 springshed is 812 mi2, an estimated reduction of about 16% 
of the former recharge area. The combined area of those two springsheds is 982 mi2 and 
is the best estimate of the maximum contributing area for pollutant loading to the 
groundwater feeding the Wekiva River spring inputs. 

Assuming that groundwater flows from areas of high to low potential and perpendicular 
to potentiometric contours, the regional flow direction is from the southwest toward the 
northeast in the area southwest of the St. Johns River. East of the St. Johns River, 
groundwater generally flows from the northeast towards the southwest in delineated 
spring basins. In the northern part of the study area, flow is from the west or northwest 
to the east or southeast (O’Reilly and Spechler 2002). Most of the flow comes from high 
(>20 cm/year) recharge areas. Water generally flows laterally within the UFA; however, 
vertical upwelling occurs from the LFA in discharge areas near the St. Johns River 
(Knowles et al. 2002). Leakance of the middle semi-confining unit in these areas is very 
high due to a deep fracture system that provides good hydraulic connection between the 
UFA and the LFA (Knowles et al. 2002). 

Groundwater Recharge 

Recharge to the UFA occurs wherever water levels in the surficial aquifer are higher than 
the potentiometric surface of the underlying UFA. The rate of recharge depends on the 
difference between water levels in the surficial aquifer and the UFA potentiometric 
surface, and on the thickness and permeability of the confining unit. Recharge rates are 
directly proportional to head differences and confining unit permeability, and inversely 
proportional to confining unit thickness (Tibbals 1990). Relatively high recharge rates 
(>20 cm/yr, >8 in/yr) occur in areas with abundant sinkholes or where the confining unit 
is thin or breached (Knowles et al. 2002). 

The St. Johns River WMD estimates that about 85% of the Wekiva Springshed area has 
moderately-high recharge in the range from 1 to 10 inches per year (Exhibit 21 with data 
from Aucott 1988). Assuming the mid-point recharge value for each of the three zones on 
this map the total estimated annual average net groundwater recharge within the Wekiva 
Springshed is 214 million gallons per day (MGD). This value is about 58 MGD or 21% 
lower than the observed average total surface water flow from the basin, including storm 
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runoff in the Little Wekiva River urban watershed, and is a reasonable estimate of the 
total long-term average groundwater contribution in the Wekiva River System. 

 

 
Exhibit 20. Groundwater contributing area to the springs of the Wekiva River System. 
Estimated springshed delineations are illustrated for pre-development (967 mi2) and 2010 
(812 mi2) groundwater potentiometric conditions and indicate a possible recharge area 
decline of about 16%. The maximum extent springshed is estimated at about 982 mi2. 
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Spring Descriptions 

There are a total of 30 named springs and spring groups feeding the Wekiva River System 
(Mattson et al. 2006). Detailed spring descriptions for eleven of these springs were 
provided by the St. Johns River WMD and are included in Appendix A at the end of this 
report (SJRWMD 2006). Summary information about the individual springs and spring 
groups is provided as follows. 

Lake County Springs 

 Messant Spring – feeds Blackwater Creek 

 Seminole Springs – feeds Seminole Creek which is tributary to Blackwater Creek 

Orange County 

 Barrel Spring – located due west of Wekiwa Springs and tributary to the floodplain 
of Rock Springs Run and the Upper Wekiva River 

 Rock Springs – located in Orange County’s Kelly Park and headwaters of Rock 
Springs Run that is tributary to the Wekiva River 

 Sulfur Spring – located northwest of Rock Springs and tributary to the floodplain 
of Rock Springs Run 

 Wekiwa Springs – located in Wekiwa Springs State Park and headwaters of 
Wekiwa Springs Run, a tributary of the Wekiva River 

Seminole County 

 Island Spring – tributary to the Wekiva River 

 Miami Spring – tributary to the Wekiva River 

 Palm Spring – tributary to the Little Wekiva River 

 Sanlando Spring – tributary to the Little Wekiva River that is tributary to the 
Wekiva River 

 Starbuck Spring – tributary to the Little Wekiva River 

Spring Flows, Water Quality, and Estimated Groundwater Age 
Exhibit 22 provides a summary of published average flows, major water quality 
indicators, and estimated age of groundwater measured at each of the Wekiva River 
System springs. Toth and Katz (2006) concluded that these spring flows are a mix of 
younger and older water from the UFA. Young-water mixing fractions are 0.6 and 0.3 for 
Wekiwa and Palm Springs, respectively, and 0.7 for Sanlando Springs. As the young-
fraction percentage increases in a binary mixture, the age of the old-water fraction 
increases exponentially. Given mean groundwater transit times of 20–80 years and 
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fractions of old water of about 20–30%, the maximum age of the old-water component 
would range from 40 to about 240 years. 

 
Exhibit 21. Estimated zones of groundwater recharge/discharge in the Wekiva River 
System Springshed (Aucott 1988). 

FAS Recharge / Discharge Sq. Mi. %
Recharge 1 to 10 inches 835.4 85.0
Discharge less than 1 inch 98.7 10.0
Discharge 1 to 5 inches 48.7 5.0
Total 982.8 100.0

Recharge / Discharge within Springshed
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Although the apparent age or transit time of groundwater discharging from springs does 
not necessarily represent the age of the nitrate-N constituent that the water carries, it is 
of interest that the springs discharging younger waters tend to have higher nitrate-N 
concentrations, indicating that elevated nitrate-N concentrations are contributed from 
more recent recharge. This suggests that nitrate-N concentrations observed in springs is 
related to current land use practices as opposed to those that occurred 25 or more years 
ago. A similar trend was observed between nitrate-N and the age for 24 springs with 
varying flows in the Suwannee River basin of northern Florida (Katz et al. 1999). 

In his study of stable isotope concentrations, Toth (1999) reported that water discharging 
from Wekiwa Springs had an estimated mean age of 17.1 ± 0.5 yr. Elevated nitrate N 
concentrations in Wekiwa Springs were determined to be largely due to groundwater 
contamination by animal waste and/or human sewage discharges with a fraction of 
nitrates derived from soil organic N. The presence of elevated nitrate N levels in spring 
water suggests a shallow to intermediate flow system in the Upper Zone of the Floridan 
aquifer. 

Toth and Fortich (2002) continued the District’s evaluation of nitrate in springs in the 
Wekiva River Basin. The concentration of nitrate N appeared to increase during the 
period-of-record to a maximum of about 2.0 mg/l in 1995 and has been declining since 
that time (1.3 mg/L in 1999 and 1.0 mg/L in 2015). A total of 50 additional sites in the 
Wekiva River Basin were sampled for groundwater nitrate N concentrations for their 
study. Highest concentrations were detected to the west of Lake Apopka; however, the 
data indicated that the areas of highest nitrate N concentrations probably do not 
contribute to the nitrate discharging at Wekiwa Springs (Toth and Fortich 2002). Land 
use changes between 1973 and 1990 suggest that this elevated nitrate is probably derived 
from septic tanks and lawn fertilizer applications (Toth and Fortich 2002). The source of 
these inputs was determined to be the high-rate recharge areas just south and southwest 
of the spring. Declining nitrate N concentrations may be due to the construction of a 
wastewater treatment facility in Seminole County in 1973 or to an increasing fraction of 
the spring discharge from the deeper part of the aquifer. 

The District studied water quality and stable isotope concentrations in Rock Springs to 
determine groundwater origin and age (Toth 1999). Rock Springs was found to be 
discharging groundwater from the shallow to intermediate flow system of the Upper 
Floridan aquifer with an estimated mean age of 19.8 ± 0.5 yr. 

Land Use, Population, and Water Permits 

Land Use/Land Cover 
Exhibit 23 provides a map of the 2009 land use/land cover data for the Wekiva River 
Springshed. This area encompasses about 982.8 mi2 (628,480 acres). Dominant 2009 land 
uses were: 
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 Water and wetlands – 343.5 mi2 (34.9%) 

 Urban and built-up 324.3 mi2 (33%) 

 Agriculture/rangeland – 190.5 mi2 (19.4%) 

 Forest and barren land – 124.6 mi2 (12.7%) 

In their Basin Management Action Plan (BMAP) the FDEP (2015) assumed a smaller 
effective contributing land area of 513.5 mi2 (328,613 acres). Their breakdown of 2009 land 
uses in that BMAP area is provided in Exhibit 24. 

Exhibit 22. Period-of-record (POR) flow, water quality, and groundwater age data from 
some of the Wekiva River System springs (from Toth and Katz 2006). 

Spring POR Discharge 
(MGD) 

Specific 
Conductance 
(uS/cm) 

Chloride 
(mg/L) 

NOx-N 
(mg/L) 

PO4-P 
(mg/L) 

Dissolved 
Solids 
(mg/L) 

Water 
Age 
(years) 

Palm 1941-
2000 

4.6 339 15 0.52 0.084 198 19.5 

Rock 1931-
2000 

37.9 255 8.0 1.3 0.058 152 21.3 

Sanlando 1941-
2000 

12.3 364 18 0.25 0.15 229 22.8 

Starbuck 1941-
2000 

12.3 352 21 0.22 0.12 184 19.1 

Wekiwa 1932-
2000 

43.3 327 14 0.89 0.083 187 13.5 

UFA 1994 n.a. 216 12 0.075 0.026 214  

LFA 1996 n.a. 8,950 2,850 0.01 0.061 5,490  

 

Human Population 
The estimated 2015 human population of the counties comprising and surrounding the 
Wekiva River System was 3,463,741 as follows: 

 Lake – 316,569 

 Orange – 1,252,396 

 Seminole – 442,903 

 Polk – 633,052 
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 Volusia – 510,494 

 Osceola – 308,327 

Based on the simplifying assumption that the human population is evenly distributed 
within each county, the estimated 2015 human population residing in the 981 mi2 
maximum-extent Wekiva River Springshed was about 750,000. 

Water Use Permits 
As of 2010 there were an estimated 1,052 active Consumptive Use permits (CUPs) in the 
Wekiva River Springshed (Exhibit 25). These CUPs authorize an average daily 
groundwater extraction of about 908 million gallons. There are 935 existing CUPs in the 
St. Johns River WMD portion of the springshed that authorize an average daily 
groundwater use of 902 MGD, and the rest are in the adjacent portions of the Southwest 
Florida WMD and South Florida WMD.  

The estimated fresh groundwater extraction from the six counties that comprise the 
Wekiva River Springshed increased from about 522 MGD in 1960 to 987 MGD in 2000. 
Estimated groundwater use in this area of Florida subsequently declined in 2010 to about 
821 MGD (Marella 2014). Based on the simplifying assumption that groundwater 
extraction in each county was equal to percent of the county in the springshed, a rough 
estimate for groundwater pumping in the springshed increased from 59 MGD in 1960 to 
a maximum of 174 MGD in 2000. The 2010 estimated groundwater extraction in the 
Wekiva River Springshed was 149 MGD. 

Water Quality 

Surface Water 
Water quality data for Wekiwa Springs and from the nearby upstream station (WSI 2006) 
are summarized for the period-of-record from April 1956 to February 2006. Sampling 
frequencies for different parameters were variable so that many more records are 
available for some parameters than for others. Wekiwa Springs averages for several key 
water quality parameters were: 

 Water temperature – 23.7 oC 

 Dissolved oxygen – 0.07 mg/L 

 pH – 7.41 s.u. 

 Specific conductance – 320 uS/cm 

 Turbidity – 0.16 NTU 

 Color – 6.75 CPU 

 Total chloride – 13.4 mg/L 
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 Sulfate – 21.8 mg/L 

 Nitrate+nitrite nitrogen – 1.33 mg/L 

 Total phosphorus – 0.176 mg/L 

Water quality data for Rock Springs in Kelly Park and from the upstream end of Rock 
Springs Run (WSI 2006) are summarized for the period-of-record from February 1931 to 
May 2007. Rock Springs POR averages for several key water quality parameters are: 

 Water temperature – 23.8 oC 

 Dissolved oxygen – 0.46 mg/L 

 pH – 7.58 s.u. 

 Specific conductance – 253 uS/cm 

 Turbidity – 0.042 NTU 

 Color – 8.3 CPU 

 Total chloride – 8.77 mg/L 

 Sulfate – 18.4 mg/L 

 Nitrate+nitrite nitrogen – 1.41 mg/L 

 Total phosphorus – 0.081 mg/L 

FDEP (2015) published a summary of nitrate-nitrogen and total phosphorus 
concentrations for selected locations within the Wekiva River System for two time 
periods: (1) 1995-2012 and for 2011-2012 to illustrate water quality nutrient trends 
(Exhibit 26). Nitrogen and phosphorus concentrations in the Wekiva River appear to be 
declining slightly in recent data, while nitrate-nitrogen concentrations are increasing in 
Rock Springs Run, and both nutrients have increasing concentrations in the Little Wekiva 
River dataset. 

 Biology 
The springs and spring runs that comprise the Wekiva River System provide habitat for 
a wide variety of plants and wildlife. The Wekiva River Basin State Parks Unit 
Management Plan (FDEP 2005) lists plant and animal species that have been observed 
and reported from the project area and lists the habitat areas those species are associated 
with. Spring boil and spring run habitats have the following species totals: 

 Vascular plants – 28 

 Damselflies and dragonflies – 19 

 Mayflies – 1 
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 Crayfish – 3 

 Snails – 4 

 Clams and mussels – 7 

 Fish – 35 

 Amphibians – 1 

 Turtles – 10 

 Snakes – 5 

 Birds – 24 

 Mammals – 1 

Plants and Algae 
Semi-quantitative plant cover estimates for six stream segments in the Wekiva River and 
Rock Springs Run reported by WSI (2005) are summarized in Exhibit 27. Plant cover in 
these spring run streams during the spring of 2005 was noticeably impaired due to the 
multiple hurricanes that crossed east central Florida during the fall of 2004.   

Benthic algae dominated the submerged vegetation percent cover in the upstream 
Wekiva River (38%) and Rock Springs Run (20%) stream segments during the late spring 
of 2005. Downstream segments had lower estimated cover by benthic algae with 7.3% in 
the Wekiva River and none recorded in Rock Springs Run. Benthic and filamentous algae 
percent cover estimates were much lower in reference stream segments with 1.8% in both 
Juniper Creek and Alexander Springs Creek. 

Submerged aquatic vegetation (SAV) was not observed at the downstream Rock Springs 
Run stream segment. At the remaining stations the estimated SAV percent cover was 
lowest in the upper Wekiva River segment at 1.4%, followed by 4.2% in Juniper Creek, 
4.5% in the upper segment of Rock Springs Run, 28% in the Wekiva River downstream 
segment, and 49% in the Alexander Springs Creek segment. 

Emergent and floating aquatic plants made up from 9.8 to 17.2% of the plant cover 
recorded in the Wekiva River segments, and from 21 to 63% of the plant cover recorded 
in the Rock Springs Run segments. There were also very different proportions of these 
plant groups in the reference spring runs at Juniper Creek (2.8%) and in Alexander 
Springs Creek (28%). 

Estimated tree canopy cover varied from 6 to 20% between stream segments with all the 
streams having some significant canopy shading flooded areas. Estimated cover for 
shrubs, subcanopy trees, and vines were all low compared to other plant groups.  
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Exhibit 23. Wekiva River Springshed 2009 land uses (SJRWMD data). 

Classification (FLUCCS Code) Sq. Mi. %
Agriculture (2000) 156.0 15.9
Barren Land (7000) 14.8 1.5
Rangeland (3000) 34.5 3.5
Transportation, Communication, and Utilities (8000) 24.9 2.5
Upland Forest (4000) 109.8 11.2
Urban and Built-Up (1000) 299.4 30.5
Water (5000) 126.9 12.9
Wetlands (6000) 216.6 22.0
Total 982.8 100.0

Land Use (Level 1 FLUCCS) within Springshed
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Exhibit 24. Land use in the Wekiva River BMAP Study Area in 2009 (FDEP 2015) 

 
In terms of plant community development, the upper segments in the Wekiva River and 
Rock Springs Run were most like each other, while the downstream segments of these 
streams were more similar to the reference sites. The lower segment of the Wekiva River 
was most like the segment in Alexander Springs Creek and the downstream segment of 
Rock Springs Run was most similar to the Juniper Creek segment. 
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Exhibit 25. Groundwater consumptive use permits within the pre-development Wekiva 
River System Springshed. A total of 1,052 pumping permits authorize the extraction of 
908 MGD (SJRWMD data). 

District Total Avg Max N
SFWMD 0.44 0.04 0.36 10
SJRWMD 902 0.96 6.48 935

SWFWMD 5.62 0.05 0.49 107
Total 908 0.86 6.48 1,052

Active CUPs within Springshed
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Exhibit 26. Nutrient concentrations and TMDL targets in selected surface waters in the 
Wekiva River System (from FDEP 2015). 

 

 

Fish and Other Wildlife 
Wekiva 

Walsh and Kroening (2007) sampled benthic macroinvertebrate populations in the spring 
run downstream of Wekiwa Springs using multi-habitat sampling with a D-frame dip 
net (500 um mesh, 1 foot wide) to assess species richness and diversity and a petite ponar 
dredge to estimate abundance (density per area) between December 2005 and September 
2006. Their quarterly sampling identified 33 species of macroinvertebrates represented 
by the following numbers of species by major taxonomic group: 

 Oligochaeta (aquatic worms) – 9 

 Turbellaria (flatworms) - 2 

 Gastropoda (snails) – 6 

 Ephemeroptera (mayflies) -1 

 Odonata (dragonflies and damselflies) – 1 

 Diptera (flies) – 11 

 Isopoda – 2 

 Amphipoda – 1 
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Average macroinvertebrate density in the Wekiva River downstream of the spring based 
on the petite-ponar dredge sampling was 19,849 organisms/m2 with a range of seasonal 
densities from 6,438 to 35,802 organisms/m2. 

Walsh and Williams (2003) inventoried fish and mussels in the Wekiwa Springs’ Main 
Boil area in April 2000. A total of 24 fish species were collected in the Main Boil area and 
downstream in the Wekiva River. Fish species specifically noted in the Main Boil area 
included the rainwater killifish and the non-native sailfin catfish (Pterygoplichthys 
disjunctivus). Sailfin catfish were observed to hide in the spring vents during the day with 
short trips to the surface to get better-oxygenated water and to feed throughout the spring 
boil area at night, presumably on algae and detritus. Walsh and Williams (2003) did not 
observe any mussels in the Main Boil area at Wekiwa Springs but did observe four species 
downstream in the Wekiva River. 

Walsh and Kroening (2007) electroshocked fish on July 27, 2006, in the Wekiva River, 
downstream of the Wekiwa Springs boil and public use area. A total of 15 fish species 
were collected, including the following dominants arranged in order of decreasing 
dominance: 

 Lepomis punctatus (spotted sunfish) 

 Lepomis auritus (redbreast sunfish) 

 Erimyzon sucetta (lake chubsucker) 

 Micropterus salmoides (largemouth bass) 

 Notemigonus crysoleucas (golden shiner) 

 Amia calva (bowfin) 

Populations of small and medium sized fish (probably rainwater killifish [Lucania parva]) 
were observed throughout the Wekiwa head spring area during site reconnaissance 
efforts in September 2006 (WSI 2006).  

WSI (2006) also observed the following additional common flora and fauna species in the 
Wekiwa Springs boil or downstream in the spring run: 

 Filamentous green and blue-green algae (benthic, epilithic, and periphytic) 

 Pistia stratiotes (water lettuce) 

 Nuphar luteum (spatterdock) 

 Pond turtles 

 Alligator mississippiensis (American alligator) 
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Numerous other plant and animal species no doubt occur in Wekiwa Springs and in the 
upper Wekiva River or are partially dependent upon it for portions of their life history 
requirements. 

Exhibit 27. Summary of algae (ALG) and plant (EMA – emergent, FAP – floating aquatic, 
SAV –submerged aquatic, and SHR –shrub) dominance in the Wekiva River (WR) and 
Rock Springs Run (RSR) in the spring of 2005 (WSI 2005). 

 

Species Group WR 1 WR 2 Average RSR 1 RSR 2 Average
Benthic Algae ALG 35.41 17.70 19.91 9.95
Filamentous Algae ALG 1.58 0.79 0.29 0.15
Floating Algae ALG 0.74 0.37 0.01 0.01
Green Fil. Algae - Benthic ALG
Nitella sp. ALG 7.32 3.66
Periphyton ALG
Alternanthera philoxeroides EMA 0.07 4.85 2.46 1.10 0.55
Bacopa sp. EMA
Cicuta mexicana EMA 2.90 0.90 1.90 8.71 14.64 11.67
Cladium jamaicense EMA 0.25 0.13
Colocasia esculenta EMA 10.73 5.36
Emergent Grass - unidentified EMA 0.18 0.01 0.09 0.80 0.40
Eupatorium capillifolium EMA 0.01 0.00
Ferns EMA 0.50 0.25 0.09 0.05
Hibiscus sp. EMA
Juncus sp. EMA
Ludwigia peruviana EMA 0.24 0.12 0.46 0.23
Mikania scandens EMA 0.72 0.28 0.50 0.01 0.10 0.05
Peltandra virginica EMA 0.10 0.05
Pontederia cordata EMA 0.57 0.28 0.73 5.63 3.18
Rumex vertigillatus EMA 0.85 0.42
Sagittaria latifolia EMA 1.19 0.59
Saururus cernuus EMA 0.59 0.30
Scirpus sp. EMA 0.01 0.13 0.07
Sedge EMA 0.00 0.00 0.05 0.50 0.27
Typha latifolia EMA 2.28 1.14 0.25 0.12
Urtica dioica EMA 0.66 0.33 0.04 0.08 0.06
Zizania sp. EMA 0.11 0.05
Azolla caroliniana FAP 0.27 0.14
Eichhornia crassipes FAP 0.54 2.89 1.72 19.55 9.78
Hydrocotyle ranunculoides FAP 0.54 1.30 0.92 0.25 0.13
Hydrocotyle umbellata FAP 1.08 1.76 1.42 5.01 3.20 4.10
Lemna sp. FAP 0.81 0.63 0.72 1.32 0.25 0.78
Nuphar lutea FAP 0.89 1.07 0.98 2.89 3.39 3.14
Pistia stratiotes FAP 0.90 0.18 0.54 1.52 0.76
Salvinia molesta FAP
Ceratophyllum demersum SAV
Najas guadalupensis SAV 1.45 1.64 1.54
Potamogeton sp. SAV
Unknown SAV SAV 0.04 0.02 0.74 0.37
Vallisneria americana SAV 26.19 13.10 3.76 1.88
Cephalanthus occidentalis SHR 0.02 0.01 0.14 0.07
Itea virginica SHR 0.00 0.00
Myrica cerifera SHR 1.09 0.05 0.57 0.79 0.40
Sambucus canadensis SHR 0.29 0.15
Toxicodendron radicans VINE 0.22 0.11
Vitus sp. VINE 0.08 0.04

37.73 7.32 22.52 20.21 0.00 10.11
5.03 9.13 7.08 10.00 37.11 23.55
4.77 8.11 6.44 10.73 26.65 18.69
1.45 27.87 14.66 4.49 0.00 2.25
1.09 0.07 0.58 0.00 1.22 0.61
0.00 0.22 0.11 0.08 0.00 0.04

50.07 52.72 51.39 45.52 64.99 55.25

Segment

ALG
EMA
FAP

TOTAL

SAV
SHR
VINE
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Rock Springs 

Walsh and Kroening (2007) sampled benthic macroinvertebrate populations in Rock 
Springs using the same methods described above for the Wekiva River between 
December 2005 and September 2006. Their quarterly sampling identified 50 species of 
macroinvertebrates represented by the following numbers of species by major taxonomic 
groups: 

 Oligochaeta (aquatic worms) – 8 

 Gastropoda (snails) – 8 

 Arachnida (aquatic mites) – 3 

 Ephemeroptera (mayflies) – 1 

 Odonata (dragonflies and damselflies) – 1 

 Hemiptera (true bugs) – 3 

 Trichoptera (caddisflies) – 1 

 Diptera (flies) – 20 

 Isopoda – 1 

 Amphipoda – 3 

 Decapoda (crayfish) – 1  

Average Rock Springs Run macroinvertebrate density was 6,192 organisms/m2 with a 
range of seasonal densities from 2,497 to 8,838 organisms/m2. 

Walsh and Kroening (2007) conducted electroshock fish sampling on August 25, 2006, in 
Rock Springs Run, downstream of Kelly Park boil and public use area. A total of 17 fish 
species were collected, including the following species arranged in order of decreasing 
dominance: 

 Notemigonus crysoleucas (golden shiner) 

 Lepomis auritus (redbreast sunfish) 

 Lepomis macrochirus (bluegill sunfish) 

 Lepomis punctatus (spotted sunfish) 

 Erimyzon sucetta (lake chubsucker) 

 Micropterus salmoides (largemouth bass) 

 Lepomis microlophus (redear sunfish) 

 Pterygoplichthys disjunctivus (armored catfish) 
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 Lepomis gulosus (warmouth) 

 Amia calva (bowfin) 

During sampling events from September 2006 to May 2007, WSI (2007) observed the 
following additional common flora and fauna species in the spring boil and spring run: 

 Filamentous green and blue-green algae (benthic, epilithic, and periphytic) 

 Nitella sp. (stonewort) 

 Vallisneria americana (eelgrass) 

 Ceratophyllum demersum (coontail) 

 Typha sp. (cattail) 

 Pontederia cordata (pickerelweed) 

 Pistia stratiotes (water lettuce) 

 Hydrocotyle umbellata (water pennywort) 

 Nuphar luteum (spatterdock) 

 Hymenocallis occidentalis (spiderlily) 

 Cladium jamaicense (saw-grass) 

 Dorosoma petenense (threadfin shad) (very large school [1,000s] of small fish) 

 Pond turtles 

 Alligator mississippiensis (American alligator) 

 Lutra canadensis (river otter) 

Numerous other plant and animal species likely occur in Rock Springs and Rock Springs 
Run or are partially dependent upon it for portions of their life history requirements. 

Ecosystem Functions 
While no natural systems are in true dynamic equilibrium or “steady state”, springs are 
one of the systems that come closest to this theoretical state (Odum 1957a). The primary 
reasons for their quasi-steady state behavior are the relatively constant flows and water 
quality typically observed in spring ecosystems. For many springs the most dynamic 
forcing function is incoming solar radiation (insolation) which varies seasonally and 
daily. 

Indigenous spring flora and fauna have become adapted to efficiently use insolation 
(solar radiation) and were shown by Odum (1957b) to be among the most energetically 
efficient of natural ecosystems. Unlike many other aquatic ecosystems, springs can be 
revisited and reassessed for structural and functional changes at any time in the future 
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based on additional data collection (Odum 1957a). Also, different springs that have 
relatively minor levels of anthropogenic physical disturbance can be compared to assess 
their intrinsic efficiencies at converting insolation to fixed carbon (Odum 1957b). 
Ecosystem measures have a greater likelihood of being responsive and consistent in their 
magnitude of responses to variations in a forcing function, such as flow, compared to 
other structural ecosystem measures such as aquatic plant community zonation or 
biomass (Knight 2015). 

Whole-ecosystem functional data were reported for Wekiwa and Rock springs, and for 
the Wekiva River and Rock Springs Run (WSI 2006; WSI 2007). The upstream-
downstream dissolved oxygen method (Odum 1956) was utilized to estimate rates of 
gross primary productivity (GPP, Exhibit 28), community respiration (CR), and net 
primary productivity (NPP or NPP24). Photosynthetic or ecological efficiency (EE) of the 
spring community was estimated as the quotient of GPP and total daily 
photosynthetically active radiation (PAR). Historical water quality data were utilized to 
estimate whole-ecosystem nutrient assimilation rates in the Wekiva River and Rock 
Springs Run. 

Wekiwa Springs 
Exhibit 29 provides a summary the ecological measures in the Wekiwa Spring segment. 
Average GPP in the Wekiwa Springs segment was 2.76 g O2/m2/d. CR was estimated as 
7.56 g O2/m2/d for an estimated negative NPP of -4.80 g O2/m2/d. Average EE was 
estimated as 0.26 g O2/mole. Particulate export averaged 0.24 g ash-free dry 
weight/m2/d. A significant diurnal pattern was observed for particulate export. Daytime 
total organic matter export at Wekiwa Springs was lower than was observed at Rock 
Springs while export rates normalized by spring boil/run area were similar. An increase 
in ash content of the particulate export at Wekiwa Springs was noted during periods of 
maximum human use in the spring boil area. 

Downstream Wekiva River stream segment estimates of ecological metabolism and 
particulate export rates are summarized in Exhibit 30 for comparison. Measured GPP and 
CR were lower in the upstream stream segment than near the Wekiwa head spring, and 
similar at the downstream stream segment. Resulting NPP was similar at all three 
locations; however, particulate export was considerably higher at the upstream stream 
segment than near the head spring or at the downstream segment.  

These data illustrate impairment of ecological functions in the Upper Wekiva River, 
possibly due to elevated nutrient levels, high recreational activity, and extensive 
shoreline modification (WSI 2007). 
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Exhibit 28. Time series of Photosynthetically Active Radiation (PAR) and Gross Primary 
Productivity (GPP) measured at Wekiwa and Rock Springs, Orange County, Florida (WSI 
2006). 

 

Rock Springs 
Data collection at Rock Springs was also conducted by WSI (2007) to provide a 
comparison of ecosystem functions with other springs. Historical water quality data were 
utilized to estimate nutrient assimilation rates in the Rock Springs Run segment. Exhibit 
31 provides a summary of estimated nutrient assimilation rates for this upper reach of 
Rock Springs Run. Exhibit 32 provides comparable whole ecosystem data reported from 
two downstream segments of Rock Springs Run (WSI 2006). 

Average GPP in the upstream area of Rock Springs Run was 5.96 g O2/m2/d. Average 
CR was estimated as 6.92 g O2/m2/d for an estimated negative mean NPP of -0.95 g 
O2/m2/d. Average EE was estimated as 0.59 g O2/mole. 
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Exhibit 29. Summary of ecosystem-level measurements in Wekiwa Springs from April 
2005 to May 2007 (WSI 2006). 

 
 

Particulate export averaged 0.31 g ash-free dry weight/m2/d. A significant diurnal 
pattern was observed for particulate export in Rock Springs Run. This pattern for higher 
ash-free dry weight particulate export on a diurnal basis is no doubt due to higher rates 
of organic matter production by photosynthesis during the daylight hours. High rates of 
ash in the particulate export during the daylight hours indicate that human recreational 
activities (wading, bathing, and tubing) in this park are also increasing the downstream 
movement of sand and finer mineral solids. 

Downstream Rock Springs Run stream segment estimates of ecological metabolism and 
particulate export rates from WSI’s PLRG studies are summarized in Exhibit 32 for 
comparison. Measured GPP was much lower and CR much higher in these downstream 
spring run segments.  Resulting NPP was also more negative and particulate export 
lower. These data illustrate how these spring runs are more heterotrophic than the less 
shaded upstream spring segments, and thus have lower ecological function. 

Description of Impairments 
Physical Modifications 

Wekiwa Springs 
The Wekiwa Springs Main Boil and swimming area are located within a man-made 
retaining wall constructed of concrete and native limestone/chertrock (Exhibit 33). The 
entire area is intensively used for recreation and is relatively unvegetated by vascular 
plants.  
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Exhibit 34 provides an historic map of some of the physical and biological conditions in 
Wekiwa Springs in 1951 (Odum 1951). Major physical and biological changes have 
occurred in this spring during the past 65 years. A comparison between Exhibit 35 and 
Odum’s map indicates that the area of the spring boil has been enlarged to the west. All 
the dominant plant communities observed by Odum around the spring boil are gone, 
including peripheral beds of submerged aquatics such as southern naiad (Najas 
guadalupensis), floating aquatics such as water lettuce and white water lily (Nymphaea 
odorata), and pickerelweed (Pontederia cordata). In 1951, the stone retaining wall only 
extended along the south edge of the spring boil compared to completely encircling the 
swimming area today. Odum also documented a third boil north of the main boil that 
was not observed during more recent field work in the spring. 

Exhibit 30. Summary of ecological function in two downstream segments of the Wekiva 
River during 2005 and 2006 (WSI 2007) 
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Exhibit 31. Summary of estimated ecological measures in Kelly Park for 2005 to 2007 (WSI 
2007) 

 
 

Exhibit 32. Summary of ecological function in two downstream segments of Rock Springs 
Run during 2005 and 2006 (WSI 2007) 
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Exhibit 33. Concrete and stone retaining wall that nearly surrounds Wekiwa Springs. 

 

Rock Springs Park 
Exhibit 36 provides a historical map of the major physical and biological conditions in 
this area of Rock Springs Run in 1951 (Odum 1951). The locations of islands, hardened 
structures, and the dominant plant and animal communities appear to be relatively 
unchanged compared to the historic condition 65 years ago. 

Development, Groundwater Pumping, and Spring Flow Reductions 
The rate of human net groundwater extraction from the Floridan Aquifer and around the 
Wekiva River System is directly related to declining spring flows (Knight and Clarke 
2016). Water quantity/mass is conserved in a basic water balance. As previously 
indicated, annual rainfall totals for Florida are variable. Climatic cycles are at least partly 
responsible for these variations but there is also increasing evidence that excessive 
draining of surface waters such as wetlands and over-use of groundwaters may create a 
negative feedback and trends of declining rainfall totals. 
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Exhibit 34. Map of Wekiwa Springs showing overall basin configuration, observed spring 
boils, and plant communities recorded by H.T. Odum in 1951 (WSI 2007). 
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Exhibit 35. Wekiwa Springs site map with WSI sampling stations indicated (WSI 2005). 

 

Groundwater recharge may be positively or negatively affected by urban and agricultural 
development. For example, hardened surfaces such as building roofs and pavement often 
reduce direct recharge and may increase runoff to surface waters. On the other hand, 
rapid runoff to stormwater detention basins may decrease evapotranspiration and 
ultimately increase local recharge. Stormwater management, spray irrigation, and rapid 
infiltration of treated wastewater effluents may increase recharge to underlying 
groundwater aquifers. 

While human activities may or may not increase the groundwater supply on the income 
side of the equation, most human activities in North and Central Florida also result in a 
net consumption of groundwater on the expense side of the water balance equation. 
When brought to the land surface, groundwater used for agricultural and urban 
irrigation is subjected to increased evapotranspiration with typical losses between 50 and 
70%. Water used in households is also evaporated with typical average losses of about 
20%. In confined areas with little to no recharge to the Upper Floridan Aquifer and with 
increased conservation measures and reduced gross water use, the net consumption of 
groundwater can approach 100%. 
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Exhibit 36. Map of Rock Springs and Upper Rock Springs Run showing stream configuration, plant communities, and 
interesting fauna by H.T. Odum in 1951 (WSI 2007). 
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Knight and Clarke (2016) prepared an empirical water balance for the Floridan Aquifer 
System utilizing estimated groundwater recharge data from the U.S. Geological Survey’s 
Mega Model (Bush and Johnston 1988) and from recorded discharge data from about 350 
of Florida’s 1,000+ springs. That water balance documented a continuing trend of spring 
flow reductions since the higher rainfall period in the 1960s, resulting in an average 
spring flow reduction of 32% across the Springs Region of North and Central Florida. The 
estimated average springflow reduction in the St. Johns River WMD springs was about 
22% or 276 MGD. The estimated average recharge to the Floridan Aquifer System in the 
St. Johns River WMD is about 1,530 MGD. Total estimated groundwater extraction from 
the Floridan Aquifer System in the St. Johns River WMD in 2010 was 979 MGD or 64% of 
estimated average recharge. These estimates indicate that a large fraction of the 
groundwater extracted in the St. Johns River WMD recharges the Floridan Aquifer in 
neighboring WMDs, and especially the Suwannee River WMD where estimated gross 
groundwater pumping is about 7% of the estimated recharge but spring flows have 
declined on average by 48% (Knight and Clarke 2016). 

The unavoidable conclusion from this analysis is that groundwater is relatively mobile 
between areas of high recharge, and areas of high pumping and subsequent aquifer 
drawdowns. The resulting inference is that pumping effects on spring flows are regional. 

Spring Flows 
There is considerable empirical evidence that average spring flows in the Wekiva River 
Springs System are on a declining trend. This negative flow trend appears to be true at 
all the region’s springs but is most visible in the data from the two largest springs, 
Wekiwa and Rock. 

Wekiwa Springs 

A general trend of declining spring flows has been observed since the 1960s (Exhibit 37). 
The Wekiwa Springs MFL of 62 cfs (40 MGD) was established in 1994 and on average, 
flows at Wekiwa Spring fell below this regulatory threshold beginning around 2005. 
There has been no acknowledgement of this MFL exceedance by the St. Johns River WMD 
despite repeated letters documenting the situation through analysis of the empirical flow 
data (CEJ 2012, see Appendix B). 
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Exhibit 37. Measured annual average flows at Wekiwa Springs and linear trendline for 
the period from 1968 through 2011 (CEJ 2012, Appendix B). 

 

Exhibit 38 is a double-mass curve showing cumulative Wekiwa Springs flow on the x-
axis and cumulative rainfall on the y-axis prepared as part of the Central Florida Water 
Initiative (CFWI) program to provide regional caps on groundwater pumping. Starting 
in the 1960s, this figure indicates a permanent departure from the theoretical straight line 
with declining flows at Wekiwa Springs as a percentage of rainfall as early as the 1970s. 
The cumulative flow departure is estimated as 12 cfs or about 8 MGD. This is similar to 
the estimated decline of about 15 cfs (9.7 MGD) illustrated in Exhibit 37. 

Rock Springs 

Similar analyses conducted for Rock Springs (Exhibits 39 and 40) found similar empirical 
flow reductions at that spring over the same period-of-record. 

Other Springs 

Additional evaluations indicate similar percentage flow declines are also occurring at 
Starbuck and Palm Springs (Exhibits 41 and 42). The conclusion from this data review is 
that the springs in the Wekiva River System are impaired by reduced average flows 
beyond the point of significant harm as defined by the WMD’s regulatory MFLs. 
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Exhibit 38. CFWI Wekiwa Springs historic double-mass flow analysis illustrating a 
cumulative average spring flow decline of about 12 cfs (CEJ 2012, Appendix B). 

 

 
Exhibit 39. Measured annual average flows at Rock Springs and linear trendline for the 
period from 1968 through 2011 (CEJ 2012, Appendix B). 
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Exhibit 40. CFWI Rock Springs historic double-mass flow analysis illustrating a 
cumulative average spring flow decline of about 12 cfs (CEJ 2012, Appendix B). 

 

 
Exhibit 41. CFWI Starbuck Spring historic double-mass flow analysis illustrating a 
cumulative average spring flow decline of about 2.3 cfs (CEJ 2012, Appendix B). 
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Exhibit 42. CFWI Palm Springs historic double-mass flow analysis illustrating a 
cumulative average spring flow decline of about 4.2 cfs (CEJ 2012, Appendix B). 

 

Nutrient Loading and Water Quality Violations 

Aquifer Vulnerability 
Floridan Aquifer vulnerability is assessed based on site specific soil and geological 
conditions. Exhibit 43 provides a map of aquifer vulnerability for FDEP’s BMAP Wekiva 
Study Area (FDEP 2015).  Most the uplands in the study area are classified as Vulnerable 
or More Vulnerable and therefore are susceptible to nutrient movement from the land 
surface to the underlying artesian aquifer. 

Pollutant Load Reduction Goal Analysis 
The St. Johns River WMD conducted a Pollutant Load Reduction Goal (PLRG) analysis 
for the Wekiva River and Rock Springs Run. This analysis was conducted under contract 
with Wetland Solutions, Inc. (WSI 2005) and Green Water Labs (2005) and was compiled 
and published by the District (Mattson et al. 2006). Exhibit 44 provides a summary of the 
proposed PLRG nutrient reduction goals (Mattson et al. 2006). Recommended numeric 
nitrate criteria for the Wekiva River and Rock Springs Run developed by the District 
(0.216 to 0.221 mg/L) are more stringent than the numeric nutrient criteria (NNC) state-
wide standard for springs of 0.35 mg/L. 
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MACTEC Nutrient Source Evaluation 
FDEP and the St. Johns River WMD contracted with an environmental consulting firm to 
prepare estimates of nitrogen sources, inputs, and groundwater loads in the Wekiva 
River Basin (MACTEC 2007; MACTEC 2010). Currently the MACTEC estimates are the 
best available data for assessing and allocating specific sources of nitrogen impairment 
to the Wekiva River system. No similar analysis has been conducted for sources of total 
phosphorus or total coliform bacteria. 

One limitation of the MACTEC assessment was that the basin area they used included 
only 648 mi2, or only about 66% of the larger Wekiva River Springshed (983 mi2) utilized 
in this restoration plan. Based on this difference, the numbers in the MACTEC report can 
be multiplied by a factor of 1.5 to provide a rough extrapolation to the larger Wekiva 
River Springshed area. 

Exhibit 45 provides an estimated fractionation of inputs of total nitrogen to the land 
surface in the Wekiva River Basin. The total estimated nitrogen inputs estimated by 
MACTEC (2007) to the land surface within the Wekiva Basin of 648 mi2 was about 10,910 
tons/yr with the following allocation to identified sources: 

 Fertilizer – 7,200 tons/yr 

o Agriculture – 3,490 tons/yr 

o Urban – 3,710 tons/yr 

 Wastewater – 2,510 tons/yr 

o On-Site – 980 tons/yr 

o Municipal – 330 tons/yr 

o Livestock – 1,200 tons/yr 

 Natural/Unattributed – 1,200 tons/yr 

MACTEC (2010) estimated that only about 2,028 tons/yr (19%) of these nitrogen inputs 
actually enter the Wekiva River via surface and groundwater inflows (Exhibit 46). The 
remaining estimated 81% was assumed to be physically removed in plants and soils or 
attenuated through natural denitrification processes.  

The total estimated nitrate load by MACTEC (2010) to the groundwater was about 1,874 
tons/yr with the following allocation to identified sources: 

 Fertilizer – 1,012 tons/yr 

o Agriculture – 488 tons/yr 

o Residential – 375 tons/yr 

o Golf courses – 38 tons/yr 
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o Other – 112 tons/yr 

 Wastewater – 712 tons/yr 

o On-Site – 412 tons/yr 

o Municipal – 188 tons/yr 

o Livestock – 112 tons/yr 

 Natural/Unattributed – 150 tons/yr 

MACTEC (2010) estimated that about 256 tons/yr of nitrate-nitrogen are accounted for 
in the spring flows that feed the Wekiva River System.  

FSI has prepared an independent analysis of nitrate-nitrogen in the combined discharge 
of the Wekiva River Basin (Exhibits 47 and 48). Exhibit 47 illustrates the locations of the 
monitoring stations along the Wekiva River, Rock Springs Run, and Blackwater Creek 
that have reported flow and concentration data. For the period-of-record (1991 – 2016), 
the average NOx-N load at the downstream Wekiva River station was 106 tons/yr (TN – 
257 tons/yr). Similar data for Rock Springs Run were 60 and 63 tons/yr; for the Little 
Wekiva River were 27 and 72 tons/yr; and for the Blackwater Creek station were 59 and 
177 tons/yr.  By addition, the combined discharge of NOx-N from the Wekiva River Basin 
(Wekiva River plus Blackwater Creek downstream stations) is estimated as 165 tons/yr 
and 434 tons/yr for TN.  The mass of nitrogen discharging from the Wekiva River Basin 
appears to be declining over time with an estimated NOx-N 1990s – 231 tons/yr, 2000s – 
170 tons/yr, and 2010s – 131 tons/yr; and estimated TN in the 1990s – 559 tons/yr, 2000s 
– 466 tons/yr, and 2010s – 340 tons/yr. 
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Exhibit 43. Floridan aquifer vulnerability for the Wekiva River System (data from Cichon 
et al. 2005, prepared by FDEP 2015). 
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Exhibit 44. Current nutrient concentrations, target nutrient concentrations to protect 
designated water uses, and percent load reductions for nitrate nitrogen, total 
phosphorus, and total coliform bacteria for the Wekiva River and Rock Springs Run 
(Mattson et al. 2006)  
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Exhibit 45. Estimated total nitrogen inputs to the land surface in the Wekiva River Basin 
in 2004 were about 10,910 tons (MACTEC 2010). 

 
Exhibit 46. Estimated nitrate nitrogen loads to surface waters (140 tons/yr) and 
groundwaters (about 1,874 tons/yr) in the Wekiva River Basin (MACTEC 2010). 
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Exhibit 47. Wekiva River Basin discharge and water quality stations used for estimating 
nitrogen mass balances. Nitrate+nitrite nitrogen and total nitrogen mass loads were 
calculated by multiplying average streamflow and nitrogen concentrations. 
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Exhibit 48. Period-of-record concentrations of nitrate+nitrite nitrogen and total nitrogen, 
stream discharge, and nitrogen mass loads at various monitoring stations in the Wekiva 
River Basin. 

 

 

Fertilizer 
Fertilizer sales data are available from the Florida Department of Agriculture and 
Consumer Services (FDACS) for the six counties that comprise the Wekiva River 
Springshed. The annual average fertilizer sales reported as nitrogen ranged from 25,380 
to 46,133 tons during the period-of-record from 1997 to 2012, for an average of 34,889 
tons/yr. Based on the simplifying assumption that fertilizer sales by county are 
proportional to the percent of each county in the Wekiva River Springshed, the estimated 
annual fertilizer nitrogen sales within the springshed ranged from 3,107 to 6,617 tons, 
with an average of 4,824 tons/yr (Exhibit 49). This estimate is about 38% lower than the 
MACTEC estimate, despite the larger springshed area used for this report. This apparent 
discrepancy is indicative of the uncertainty associated with fertilizer nitrogen loads 
throughout the Springs Region of Florida. 

Agriculture 
Per FDEP (2015) the primary agricultural land use in the Wekiva Basin is cow-calf 
operations (pasture). Other agricultural land uses include nurseries, row/field crops, 
citrus, and horse farms. Many of the horse farms are small, noncommercial 
farms/ranchettes scattered throughout residential areas, with a concentration in the 
Sorrento area (Exhibit 50). 

 

 

 

SubBasin Station NH4-N (mg/L) NOx-N (mg/L) TKN (mg/L) OrgN (mg/L) TN (mg/L) N NOx-N (tons/yr) TN (tons/yr)
Black Water Creek BWC44 0.048 0.260 1.55 1.50 1.80 Mar-91 Jun-16 164 57.9 14.8 102.8

BWCCPB 0.026 0.440 0.883 0.857 1.33 May-91 Jun-16 154 135.9 58.8 177.3
SJ6-SS-2038 0.022 0.240 0.710 0.688 0.950 Oct-05 Oct-05 1 --- --- ---
BWC-UWR 0.018 0.271 0.576 0.558 0.847 May-03 Sep-11 101 --- --- ---

Little Wekiva River 20010137 0.073 0.410 0.870 0.799 1.28 May-95 Jun-16 122 33.2 13.4 41.9
LW-SLB 0.016 0.341 0.576 0.560 0.917 Feb-04 Sep-04 5 80.0 26.9 72.2

LW-UWR 0.011 0.348 0.485 0.474 0.832 Oct-02 Sep-06 41 --- --- ---
Rock Spring Run Rock Springs 0.005 1.29 0.051 0.049 1.34 Jan-03 Jun-16 73 54.8 69.4 72.4

Rock Springs Rn 0.005 1.26 0.062 0.057 1.32 Jun-13 Jul-16 25 48.7 60.3 63.2
RSR-WR 0.030 0.550 0.800 0.769 1.35 Oct-02 Sep-06 45 --- --- ---

Wekiva River Wekiwa Springs 0.011 1.03 0.089 0.078 1.11 Nov-02 Jul-16 86 61.5 62.2 67.0
WR-WM 0.009 0.733 0.564 0.555 1.30 Feb-04 Sep-04 6 154.6 111.5 197.4
WR-ULW 0.020 0.566 0.544 0.525 1.11 Oct-02 Sep-11 101 --- --- ---

CMWEKIVA46 0.013 0.278 0.422 0.409 0.700 Feb-16 Jun-16 5 --- --- ---
2235000 0.020 0.376 0.539 0.519 0.914 May-95 Jun-16 148 285.3 105.5 256.7

Z3-LR-9016 0.025 0.320 0.370 0.345 0.690 May-15 May-15 1 --- --- ---
SJ6-LR-2010 0.051 0.051 1.50 1.45 1.55 Jun-05 Jun-05 1 --- --- ---
Z3-LR-7008 0.017 0.210 0.430 0.413 0.640 May-13 May-13 1 --- --- ---
WR-UBWC 0.016 0.245 0.507 0.490 0.751 Oct-02 Sep-11 108 --- --- ---

SJ14 0.024 0.189 0.698 0.674 0.887 Apr-14 Apr-16 11 --- --- ---

Period of Record Discharge (cfs)
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Exhibit 49. Total fertilizer nitrogen sales within the six counties that lie within the Wekiva 
Springshed and the estimated fraction of that fertilizer that was sold and presumed to be 
used in the Wekiva Springshed (data from FDACS). 

 
 

Due to urban encroachment, citrus health issues (freeze/disease), and the downturn in 
the economy, many citrus, row crop, poultry, and nursery operations either have been 
abandoned or have significantly lowered their production acreage. In recent years, some 
of this acreage may have been shifted to other commodities, but a comparison of 
agricultural land use from the year 2000 and recent aerial imagery for the basin show a 
significant conversion to urban uses, as well as many abandoned/out-of-production 
citrus acres. These changes in agricultural land use equate to approximately a nine 
percent reduction in acreage between the 2000 and 2009 land use. 

On-Site Wastewater Treatment (Septic Tank) Systems 
The Florida Department of Health in 2004 determined that the Wekiva Study Area is 
underlain by karst geology, characterized by limestone or dolostone bedrock with caves 
and springs (FDOH 2004). Conventional septic tank and drainfield systems have been 
used in the area as a relatively low-maintenance, low-cost method of managing human 
waste. Per the FDOH 2004 report, the total estimated number of septic systems by county 
and the number within the Wekiva Study Area were: 

 Orange County – total 102,512; inside 54,044; 

 Lake County – total 70,130; inside 19,786;  

 Seminole County – total 38,814; inside 13,228; 

 Totals – 211,456; inside 87,058. 

Fertilizer Use
Period Lake Orange Osceola Polk Seminole Volusia Total w/in Springshed

July 1997 - June 1998 2,125 7,506 3,116 12,128 3,410 1,909 30,194 4,972
July 1998 - June 1999 3,340 9,805 3,756 14,003 1,637 2,371 34,912 5,875
July 1999 - June 2000 3,458 8,889 5,124 23,774 1,524 3,364 46,133 5,744
July 2000 - June 2001 3,379 6,938 4,035 21,654 1,926 3,363 41,294 5,030
July 2001 - June 2002 3,469 6,398 4,917 14,979 1,733 3,018 34,514 4,662
July 2002 - June 2003 6,482 8,748 4,700 14,239 1,269 2,692 38,131 6,617
July 2003 - June 2004 6,053 7,627 3,027 12,621 1,583 2,678 33,589 6,070
July 2004 - June 2005 3,197 7,498 4,693 14,701 2,506 2,972 35,567 5,192
July 2005 - June 2006 2,838 7,243 5,013 14,565 2,529 2,585 34,773 4,955
July 2006 - June 2007 3,831 7,936 4,274 13,179 1,864 2,445 33,529 5,397
July 2007 - June 2008 2,702 5,909 3,714 9,736 1,480 1,839 25,380 3,984
July 2008 - June 2009 2,143 5,110 1,845 16,495 1,141 1,516 28,250 3,498
July 2009 - June 2010 2,520 4,944 2,602 25,120 943 1,740 37,869 3,710
July 2010 - June 2011 1,906 5,037 2,843 23,765 1,205 1,630 36,385 3,547
July 2011 - June 2012 1,653 4,450 2,171 22,442 909 1,184 32,809 3,107
% County in Springshed 39.75 38.56 0.03 2.11 28.56 0.13 ---
Source: Florida Department of Agriculture and Consumer Services

Fertilizer sold in the county was assumed to be applied in the county based on the proportion of the county in the Springshed average 34,889 4,824

Fertilizer Use w/in County
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Exhibit 50. Agricultural land uses in the Wekiva Basin (based on 2009 land use data) with 
primary agricultural land uses in the Wekiva Basin shown in boldface type (FDEP 2015). 
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Based on their in-state research FDOH concluded that conventional septic tank and 
drainfield systems discharge significant quantities of nitrogen into the ground waters of 
karst regions like the Wekiva basin (FDOH 2004). Using existing Florida research data, a 
family of four will discharge on average 25 pounds of nitrogen per year into the drainfield 
of a conventional onsite sewage treatment and disposal system. A conventional system 
costs from $5,500 to $7,500. A comparable nutrient reduction septic tank system costs 
from $7,500 to $9,000 for the same sized home. In areas where development densities are 
low, the overall costs of onsite sewage treatment and disposal systems are less than the 
cost to provide centralized treatment and disposal. 

Based on two separate and conflicting data sources, FDEP (2015) has estimated that there 
are between 19,000 and 97,000 on-site sewage disposal systems (septic tanks) within their 
Wekiva River Basin. MACTEC (2010) estimated that there were about 65,000 septic tank 
systems in their Wekiva Basin study area. FSI requested the most recent data concerning 
on-site systems from the Florida Department of Health and found that there are an 
estimated 44,789 on-site systems in the Wekiva River Springshed (Exhibit 51). 

Wastewater Discharges 
Merritt and Toth (2006) evaluated the beneficial recharge to the Upper Floridan Aquifer 
provided by the Water Conserv II Project in Orange County, where reclaimed water is 
used to recharge the shallow subsurface by discharges to rapid infiltration basins (RIBs).  
RIBs are the primary method of treated effluent disposal in the Wekiva River Study Area. 
Some of the authors’ conclusions were: 

 By the end of 2002, about 64 billion gallons of reclaimed water had been 
discharged to RIB sites 5, 6, and 7. Volumes discharged to other RIB sites were 
small compared to these volumes. 

 RIB discharges had no cumulative effect on stages in local lakes. 

 Using estimates of the leakance of the confining zone separating the surficial 
aquifer and Upper Floridan aquifer derived by previous modeling studies, it was 
possible to estimate the additional volume of water leaking downward to the 
Upper Floridan aquifer because of the RIB cell discharges. Estimates of the 
additional leakage were comparable to the total volume of discharge. 

 Because water levels approached land surface at some well locations, it was 
inferred that some additional evapotranspiration was caused by the RIB 
discharges 
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Exhibit 51. Locations of on-site wastewater treatment and disposal systems (septic tanks) 
in the Wekiva River Springs study area. Based on current estimates available from the 
Florida Department of Health, there are 44,789 on-site systems in the Wekiva River 
Springshed as delineated in this report by FSI. 
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 Chloride, nitrate-nitrogen, and trihalomethanes present in the reclaimed water 
were used as relatively inert tracers to quantify the magnitude of downward 
leakage to the Upper Floridan aquifer. Background concentrations of nitrate 
nitrogen were as high as 6 mg/l in the Upper Floridan aquifer beneath areas where 
nitrogen fertilizers have been used for agricultural purposes. Water quality 
samples collected after the initial application of reclaimed water had nitrate-
nitrogen concentrations below about 2 mg/l.  

 At RIB site 5, slow, steady increases of chloride, nitrate nitrogen, and total 
trihalomethanes indicated that leakage of reclaimed water to the Upper Floridan 
Aquifer was occurring. 

 At RIB site 6, tracer concentrations in samples from two off-site pumped irrigation 
wells, were either high or showed increasing trends. These observations were 
considered as additional evidence of the probable occurrence of downward 
leakage of reclaimed water to the Upper Floridan Aquifer. 

 At RIB site 7, the ratio of total nitrogen to chloride in samples from the Upper 
Floridan Aquifer monitor well were similar to those in the reclaimed water and in 
samples from the surficial monitor wells. These observations indicate that 
downward leakage of reclaimed water has occurred, and the early rise in tracer 
concentrations is consistent with the estimated high leakance at this site. Recharge 
estimates based on water quality may be as low as about 52% of applied reclaimed 
water. For comparison, recharge estimates based on hydrogeology and leakance, 
range from 74 to 100% of the total reclaimed water applied. 

In conclusion, this study demonstrated that treated wastewater disposal through RIBs, 
has the beneficial result of recharging the underlying Floridan Aquifer, but with an 
undesirably high load of nitrate-nitrogen. 

A considerable fraction of the municipal wastewater in the Wekiva River Basin is treated 
to reuse standards (low suspended solids and high-level disinfection) and is used for 
beneficial reuse. However, nitrogen concentrations in reuse water are significantly 
elevated compared to the numeric nitrogen limit for springs protection, and application 
of reclaimed wastewater for public reuse is a continuing source of groundwater nitrate 
contamination in vulnerable karst areas of Florida (FDEP 2010). 

Stormwater 
Estimates of nutrient loading via stormwater runoff were provided in the FDEP TMDL 
reports (Gao 2008; Bailey 2008). In the Wekiva River and Rock Springs Run nutrient 
TMDL, stormwater runoff loadings were calculated using the Camp Dresser McKee 
(CDM) Watershed Management Model (CDM 2005), the entire watershed areas for the 
waterbodies of interest, and the 2000 St. Johns River WMD land use coverage. In the Little 
Wekiva Canal TMDL, land use categories and the corresponding event-mean 
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concentrations were calculated, and the Storm Water Management Model (SWMM), 
Version 5.0, was used to simulate the Little Wekiva Canal’s water quantity and quality 
and to predict loads of total nitrogen (Bailey 2008). 

To provide a more accurate estimate of nonpoint source discharges from runoff, the 
runoff-contributing areas were recalculated by FDEP to exclude sub-basin-scale high-
recharge areas in which most or all of the water would infiltrate to ground water and not 
run off (Exhibit 52 from FDEP 2015). The recalculation was also based on the most recent 
SJRWMD land use coverage, which was for 2009, rather than the 2000 land use used for 
the Wekiva River and Rock Springs Run TMDL report. The runoff-based values in the 
Wekiva BMAP were used for planning purposes and to assist stakeholders during the 
BMAP development. 

The BMAP planning area includes six sub-basins contributing stormwater flows to and 
nutrient loads of the Wekiva River. These sub-basins represent the entire watershed of 
the major surface water features of the Wekiva River and its major tributaries (i.e., 
Blackwater Creek, Rock Springs Run, Little Wekiva River, and Little Wekiva Canal). Four 
of the six sub-basins include WBIDs that are impaired and thus have TMDL requirements 
specified in the Wekiva River, Rock Springs Run, and Little Wekiva Canal TMDLs. All 
the sub-basins include the contributing areas to the specific WBIDs identified in the 
TMDL documents. 

Exhibit 52. Estimated stormwater nutrient loads in the Wekiva BMAP planning area sub-
basins excluding areas of high groundwater recharge (FDEP 2015). 
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The total estimated stormwater contribution to nitrate-nitrogen loads to the Wekiva River 
System is 291,243 pounds per year (146 tons per year) or only about 1.5% of the total 
surface nitrogen loads estimated by MACTEC (2010). 

Recreation 

Wekiwa Springs State Park 
Monthly attendance data for Wekiwa Springs State Park from July 1982 through April 
2016 are summarized in Exhibit 53. Monthly total-visitor attendance ranged from a low 
of 1,316 per month in 2004 during the hurricanes to a high of 71,180 per month in 2007.  
Annual totals ranged from a low of 219,252 in 1988 to a high of 472,840 in 2008, with an 
annual average attendance during this period of about 293,000. According to park 
personnel, attendance was frequently restricted during the summer (about 50 days per 
year) when the 300 available parking spaces were full. The admission of visitors is 
opened, closed, and re-opened through a typical busy summer day, corresponding to 
parking space availability.  

Monthly attendance at Wekiwa Springs State Park is seasonal and typically was highest 
in mid-summer (Exhibit 54) with peak usage about four times higher than winter use. 
There are no apparent trends in the number of day visitors to the park over the period-
of-record. Use data for canoe and kayak rentals at the park were reported in WSI (2005) 
from May 2003 through December 2006. Boat rentals averaged about 1,514 per month 
with peak usage during the spring and summer months. These seasonal data analyses 
indicate that key human use activities at the Wekiwa Springs State Park are associated 
with the use of the Main Boil for wading, swimming, and snorkeling when the weather 
is warm and that canoe and kayak rentals are highest during fairer weather in the spring 
and summer.  

Wekiwa Springs State Park is open year-round and per park staff rarely has unscheduled 
closings. Up through 2007 the park was never closed due to high fecal coliform levels and 
was only reported closed because of the 2004 hurricane season. 

A detailed assessment of water-dependent human uses was conducted by WSI at Wekiwa 
Springs State Park on Sunday, August 12, 2007. Estimated average spring discharge on 
that date was 56.7 cfs and the estimated average stage was 12.9 ft NGVD. An observation 
station was selected to allow a survey of the entire swim area, including the grassy 
embankment south of the spring up to the wooden fence and downstream to and 
including the pedestrian bridge (Exhibit 35). The spring pool area within this observation 
area was approximately 0.38 ha (0.94 ac). Eight primary uses were identified at Wekiwa 
Springs, and counts of all persons within the observation area were rapidly conducted at 
about 15 minute intervals from before the park opened at 08:30 until just before final park 
closing at 20:00. Five of the observed uses were considered to represent direct water 
contact. The remaining three uses were not in contact with the water but were also water 
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dependent as they were all directed at the water resource either as an aesthetic point of 
focus or as the ultimate attraction before or after returning to the shore. 

Exhibit 55 illustrates the daily pattern of human use activities at Wekiwa Springs during 
this typical maximum-use day (summer, weekend, no rain). The maximum total number 
of people observed using the entire observation area on August 12 was 531 people. The 
maximum count of individuals participating in water contact activities at any one time 
was 290, for an estimated maximum density of 763 people/ha (309 people/ac). The 
estimated average human use during the hours of park operation was 246 people with 
an average of 125 people using upland areas and 121 people participating in water contact 
activities. The average human density in the water during this period was 318 people/ha 
(129 people/ac). 

It was estimated by park staff that a total of 2,369 different individuals (2,033 day use and 
the 146 campers) were admitted to Wekiwa Springs State Park on August 12 and that 
there were approximately 1,200 people in the park at any one time. 

Casual estimates conducted during August 12, 2007, indicated that there were about 50 
people downstream at the canoe launch on the river and another 50 people up by the 
snack bar and restrooms at any given time during the day. According to staff, the park 
was closed seven times during the day as the 300 car parking spaces filled to capacity. 
Once people left and opened up parking spaces, park staff would readmit new visitors 
until spaces were full. 

Exhibit 55 illustrates that the total water dependent population within the observation 
area peaked about one to two hours after noon at this park and then declined throughout 
the remainder of the day. The water contact numbers at Wekiwa Springs on August 12 
were more consistent throughout the day, indicating that a higher percentage of the 
visitors were in and on the water during the latter half of the day when the air 
temperature was probably highest. Exhibit 55 provides a pie-chart summary of the 
observed activities at Wekiwa Springs State Park on August 12. Water contact activities 
were dominated by bathing (40%), with much smaller populations of people floating on 
rafts and tubes, snorkeling into the main boil, and wading and swimming (Exhibit 57). 
On average about 50% of the visitors to the spring observation area were involved in a 
water contact activity always. Based on observations of bathing attire it is estimated that 
more than 95% of those individuals were in the water at some time during the day 
(Exhibit 58). 
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Exhibit 53. Time series of monthly total number of daily and overnight visitors to Wekiwa Springs State Park from July 1982 
through April 2016 (data from Florida Park Service). 
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Exhibit 54. Monthly total number of daily and overnight visitors to Wekiwa Springs state Park from July 1993 to December 
2006 (from WSI 2006). 
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Exhibit 55. Daily pattern of water-dependent and total human use activities at Wekiwa Springs on Sunday, August 12, 2007 
(from WSI 2007). 
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Exhibit 56. Average distribution of human use activities observed at Wekiwa Springs on Sunday, August 12, 2007 (from 
WSI 2007). 
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Exhibit 57. Typical in-water activities at Wekiwa Springs on Sunday, August 12, 2007. 

 

 
Exhibit 58. Typical out-of-water human use activities at Wekiwa Springs on Sunday, 
August 12, 2007. 
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Rock Springs County Park 
WSI (2007) reported attendance at Orange County’s Kelly Park from January 1998 
through December 2005. Total paid attendance totals by year varied from a high of 
214,983 in 1998 to a low of 73,626 in 2005 (Exhibit 59). Beginning in 2000 Kelly Park 
instituted a maximum allowable attendance rule to preserve the integrity of the spring 
run. This rule caps daily maximum entry to no more than 285 filled parking spots or 
about 1,000 people at any time (assuming 3.5 people per car). While the observed decline 
in paid attendance during the POR was large, it was not significantly related to year. 
Analysis of monthly attendance records for Kelly Park indicate a strong seasonal pattern 
(Exhibit 59) with maximum public use of the park during the summer (June) and lowest 
use in the winter (December – January). This pattern as well as other observations, 
indicate that the primary water-dependent human uses of the Kelly Park are related to 
the attractions of swimming, wading, tubing, and snorkeling in Rock Springs Run during 
the warmest seasons. These uses were verified during multiple visits to Kelly Park for 
this project (quarterly sampling during weekdays on September 15 and 28, 2006, March 
29, 2007, April 25, 2007, and May 23, 2007; and a peak-season weekend visit on August 
11, 2007). 

Kelly Park had relatively few closures over the three years when records were available 
(2004 to 2007). Within this period, Kelly Park has been closed three times for high fecal 
coliform counts (twice in 2004 and once in 2007). The park was also closed over a period 
of several months during the fall of 2004 due to Hurricanes Charlie, Francis, and Jean and 
the subsequent cleanup, twice due to alligator sightings in the public use area (once for a 
week), twice due to “cave ins”, presumably near the main spring, and once due to lack of 
staff. 

A detailed assessment of water-dependent human uses was conducted at Kelly Park on 
August 11, 2007. Estimated average spring discharge on this date was 46.6 cfs and the 
estimated average stage was 26.12 ft NGVD. An observation station was selected to allow 
a survey of the entire swim area, from the upstream end of the island downstream to the 
entry to the final spring run segment at the District’s water level gauge (Exhibit 61). The 
spring run area within this observation area was 0.37 ha (0.91 ac). Ten primary uses were 
identified, and counts of all persons within the observation area were rapidly conducted 
at about 15 minute intervals from the time the park opened at 08:00 until final park closing 
at 19:00. Six of the observed uses were dependent on water contact. The four remaining 
uses were not in direct contact with the water, but were also water dependent because 
they all corresponded to the water resource either as an aesthetic point of focus or as the 
ultimate attraction before or after returning to the shore.  

The maximum total number of people observed using the entire Rock Springs 
observation area on August 11 was 323 people, with a maximum count of 156 individuals 
participating in water contact activities at any one time, representing a maximum human 
density in the water of 424 people/ha (172 people/ac). The average human use during 
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the hours of park operation was 197 people with an average of 109 people using upland 
areas and 88 people participating in water contact activities. The average human density 
in the water during this period was 238 people/ha (97 people/ac).  

It was estimated by park staff that a total of 2,085 different individuals were admitted to 
Kelly Park on August 11 and that there were approximately between 1,000 and 1,300 
people in the park at any one time. Estimates conducted during the same day indicated 
that there were up to 100 people upstream between the main boil and the end of the first 
spring run at the head of the island and another 50 to 100 people downstream from the 
water gauge to the final tube takeout point at any one time. The park was closed three 
times during the day. Once people left and opened parking spaces, park staff would 
reopen until parking spaces were filled.  

The total water dependent population within the observation area peaked a little before 
noon and then declined throughout the remainder of the day, while the water contact 
numbers were more consistent throughout the day, indicating that a higher percentage 
of the visitors were engaged in water contact activities during the latter half of the day 
when the air temperature was probably highest. Exhibit 61 provides a pie-chart summary 
of the observed activities at Rock Springs on August 11. Water contact activities were 
evenly split at Kelly Park between bathing (15%), tubing (14%), and wading (13%). On 
this hot summer day, approximately 45% of the visitors in the observation area were 
involved in a water contact activity, and based on observations of bathing attire, it was 
estimated that at least 80 to 90% of those individuals were in the water at some time 
during the day (Exhibit 63).  
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Exhibit 59. Time series of Kelly Park attendance for the period from January 1998 through December 2005 (from WSI 2005). 
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Exhibit 60. Annual distribution of Kelly Park attendance for the period from January 1998 through December 2005 (WSI 
2005).
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Exhibit 61. Map of Kelly Park and Rock Springs Run showing limits of the human use 
study on August 11, 2007 (WSI 2007). 
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Exhibit 62. Average distribution of human use activities at Kelly Park on Saturday August 11, 2007 (WSI 2007). 
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Exhibit 63. Typical in-water human use at Kelly Park on Saturday, August 11, 2007. 

 
Regulatory Protections  
(Adapted from Silenced Springs – Moving from Tragedy to Hope [Knight 2015]) 

The Wekiva River Basin, including the Wekiva River, Rock Springs Run, the Little 
Wekiva River, and some 30+ springs, has received more regulatory and political attention 
than any other springs system in Florida. Located in Seminole, Lake, and Orange 
Counties, just north of Orlando, artesian groundwater flows from Wekiwa and Rock 
springs dominate the inflows to these rivers and provide the lifeblood that nourishes 
more than 150,000 acres in the Wekiva River Basin and ultimately the St. Johns River. 

The Wekiva River and Rock Springs Run and the associated headsprings are significant 
recreational resources, providing both direct and indirect contact uses such as swimming, 
snorkeling, tubing, canoeing, boating, and fishing (WSI 2006; FDEP 2015). In addition to 
being Class III waters, the Wekiva River and the lower reaches of Rock Springs Run, 



 

Wekiva River and Springs Restoration Plan 

91 

 

Blackwater Creek, and the Little Wekiva River are designated by the state as an Aquatic 
Preserve, the Wekiva River System (including the main stem of the Wekiva River and 
Rock Springs Run) is designated by the state as an Outstanding Florida Water (OFW), 
and the federal government has designated the river as a Wild and Scenic River. 

Special Designations 
The Wekiva River Basin first received special protected status in 1975 when the Florida 
legislature designated the Wekiva River Aquatic Preserve as an area with “exceptional 
biological, aesthetic, and scientific value” for the purpose of preservation in an 
“essentially natural condition for the enjoyment of future generations”. 

In 1982, the private non-profit Friends of the Wekiva River was formed to zealously 
defend the springs, rivers, wetlands, and forests that make up this unique wild area in an 
urbanizing setting.  

The state’s efforts to protect the Wekiva River Basin continued in 1988 when Governor 
Bob Martinez appointed the Wekiva River Task Force to recommend strategies to 
preserve the basin. Thus, the Florida legislature passed the Wekiva River Protection Act 
that established the Wekiva River Protection Area. Minimum Flows and Levels (MFLs) 
were established in 1992 to insure adequate spring flows in the Wekiva River and Rock 
Springs Run indefinitely. 

The Wekiva River was also designated as an OFW in 1988. Under state and federal law 
an OFW is protected from any degradation of water quality. 

The Wekiva River and portions of its tributaries received the additional status of a 
National Wild and Scenic River in 2000. This federal designation further recognized the 
unique attributes and recreational merits of the river basin and imposed restrictions on 
human activities that might impair these values. 

By 2002, the Wekiva River was included in the St. Johns River WMD Surface Water 
Improvement and Management (SWIM) program. The purpose of this designation was 
to implement projects as needed to “preserve or restore the quantity and quality of water 
necessary to support thriving biological communities”.  

In 2002, Governor Jeb Bush appointed the Wekiva Basin Task Force, followed by the 
Wekiva River Basin Coordinating Committee, and culminating with the Wekiva Parkway 
and Protection Act of 2004 that identified the basin’s high priority for protection.  

Also in 2004, the Florida Department of Health completed a study to determine the effects 
of nearly 90,000 septic systems on the Wekiva Basin springs and to recommend enhanced 
standards to reduce groundwater nitrate contamination from these on-site sewage 
treatment and disposal systems. 

In 2006, the St. Johns River WMD determined that both Wekiwa and Rock Springs and 
their associated spring runs were still being harmed due to elevated nutrient 
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concentrations. And in 2007, the state verified this evaluation with a nutrient Total 
Maximum Daily Load (TMDL), finding that the spring-fed rivers required additional 
protection from man-made nutrient pollution that was causing excessive algal blooms 
and degraded wildlife habitat. 

In 2007, the St. Johns River WMD reevaluated the Wekiva and Rock Springs MFLs. This 
analysis determined that natural ecological functions and values of Wekiwa and Rock 
springs were significantly impaired by declining spring flows.  

As of 2015 with adoption of a final Basin Management Action Plan (BMAP) to enforce the 
nutrient TMDL, the state of Florida still has not acted to expeditiously reduce nutrient 
levels polluting the Wekiva River Basin or to increase flows needed to restore the basin’s 
ecological integrity. In spite of the resolve of the general public and their public officials, 
the political and development forces encroaching on the springs of the Wekiva River 
Basin appear to be unstoppable. 

Aquatic Preserve (1975) 
The Wekiva River is in the Wekiva River Aquatic Preserve, first designated in June 1975 
by the Florida Legislature. The Preserve includes the Wekiva River, Rock Springs Run, 
portions of the Little Wekiva River and Blackwater Creek, and a portion of the Middle St. 
Johns River (added in 1985) for a total protected area of 19,000 acres. Aquatic preserves 
are areas of submerged land with exceptional biological, aesthetic, and scientific value 
(Chapter 258.36, Florida Statutes [F.S.]) that are established and managed “for the 
purpose of being preserved in an essentially natural or existing condition so that their 
aesthetic, biological and scientific values may endure for the enjoyment of future 
generations” (Chapter 18-20.001 [2], Florida Administrative Code [F.A.C.]). 

Wekiva River Protection Area (1988) 
Efforts to protect the Wekiva River basin continued in 1988 when Governor Bob Martinez 
appointed the Wekiva River Task Force. Because of this group’s work, in 1988 the Florida 
Legislature passed the Wekiva River Protection Act (Chapter 369, Part II, F.S.). The 
purpose of this Act was to protect the ground and surface water resources of the Wekiva 
River basin through establishment of a “Wekiva River Protection Area” within which 
local governments were required to meet additional criteria in their comprehensive land-
use plans (established in the statute). 

The Legislature also amended the Water Resources Act (Chapter 373, F.S.) to require 
development of MFLs for the river and development of a scientifically defensible buffer 
adjacent to the river and its tributaries (Chapter 373.415, F.S.). The Wekiva River 
Protection Act of 1988 also required development of basin specific criteria for surface 
water management permits issued in the basin. Basin specific buffer zones and criteria 
addressed drawdown of surface water, erosion control, riparian habitat protection zones, 
and local government authorization within the Wekiva River Protection Area. 
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Outstanding Florida Waters (1988) 
An OFW is a water determined to be worthy of special protection because of its natural 
attributes. This designation is applied to certain waters through rule adoption by the 
state’s Environmental Regulation Commission and is intended to protect existing good 
water quality.  

The Wekiva River is designated an OFW (Chapter 62-302.700, F.A.C.). This designation 
is conferred on “water bodies within state and federal conservation areas and that have 
exceptional recreational or ecological significance” (Chapter 62-302.700 [5], F.A.C.). An 
important rule requirement is that discharges to OFWs cause no degradation of water 
quality (Chapter 62-302.700[1], F.A.C.). 

National Wild and Scenic River (2000) 
In 2000, the Wekiva River and portions of its major tributaries were designated Florida’s 
second National Wild and Scenic River system (H.R. 3155). This federal designation is 
applied to rivers that are considered worthy of protection because of their ecological and 
aesthetic attributes and recreational value. The Wild and Scenic designation imposes 
additional requirements for federal activity that may affect the river and is another 
designation that recognizes the environmental and recreational value of this river system. 

Focused Environmental Protection of the Wekiva River System 

Minimum Flows and Levels (1992) 
Florida’s five WMDs are required, under Section 373.042(1)(a) of the Florida Statutes, to 
develop MFLs for springs to limit groundwater withdrawals that would cause significant 
harm to the water resources or ecology of the state. The goal is to set a protective 
hydrologic regime that will maintain the range of surface water fluctuations that is 
required to ensure healthy water resources including species composition, vegetative 
structure, and ecological functions. 

In response to a 1988 directive from the Florida legislature, the St. Johns River WMD 
adopted MFLs for the Wekiva River and eight springs in the Wekiva River Basin in 1992.  

The adopted minimum annual mean flows for Rock and Wekiwa springs were developed 
by the District and are described in Hupalo et al. (1994). These springs MFLs were 
determined based on providing minimum spring flows from eight springs in the Wekiva 
River Basin (Wekiwa, Rock, Seminole, Sanlando, Starbuck, Messant, Palm, and Miami) 
necessary to meet minimum flow and level requirements at the Wekiva River at State 
Road (SR) 46 and on Black Water Creek at SR 44. Multiple minimum levels were 
established at those downstream stations based on protection of plant communities 
(forested floodplain wetlands and submerged aquatic eelgrass beds) and muck soils 
along two transects on the lower Wekiva River near SR 46 and six transects along Black 
Water Creek near SR 44 and downstream near Sulphur Run. Modeled spring flows 
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contributing to downstream base flows were incrementally reduced until a simulated 
exceedance of one or more of the downstream minimum levels were reached. This 
estimated spring flow and an associated model groundwater level were then chosen as 
the MFL for that spring. The downstream minimum levels most sensitive to this analysis 
were the Minimum Frequent Low level, followed closely by the Minimum Average level. 
The resulting spring minimum annual mean flows were comparable to a 1-day low-flow 
event with a 4.5 to 6-year recurrence interval based on an analysis of the actual spring 
flow data from 1931 to 1990 (Hupalo et al. 1994). 

The springs MFLs for the Wekiva River springs (including Wekiva and Rock springs) 
were originally set based on the MFLs of the river itself. The hydrologic model used to 
simulate river flows for the springs MFLs determination process included simple rainfall-
deficit models for each of the significant springs in the basin (C. Price Robison, SJRWMD, 
personal communication, 2007). These rainfall-deficit models attempted to fit historic 
spring flow measurements with monthly spring flow values. Until better spring flow 
models could be developed, these spring flow simulations were assumed to account for 
all users up to the time of model development and springs MFLs determination. 
Therefore, if the simulated spring flows were shown to be meeting the minimum flow at 
the time of springs MFLs determination, then users at the time of springs MFLs 
determination were protected. Spring flow reductions caused by cumulative 
consumptive use increases beyond the year of springs MFLs determination (as estimated 
by the appropriate regional groundwater model) have been applied to the simulated 
historical spring flows to determine springs MFLs compliance. 

The published Wekiva River System minimum spring flows are listed in Exhibit 64 
reproduced from Hupalo et al. (1994). Unlike other St. Johns River WMD MFLs for lakes 
and rivers, the Rock and Wekiwa Springs minimum annual mean flows do not consist of 
multiple flows and levels. However, as described above the minimum annual mean 
spring flows are intended to protect multiple flows and levels downstream at SR 46. 

Minimum annual mean spring flows adopted in 1991 were based on an intermittent 
discharge record from 1931 to 1990. As a first step in updating the MFLs in 2007 the 
measured spring discharge record was updated for the District through 2005 (Intera 
2006). Basic summary statistics for observed spring discharge and local rainfall data for 
these stations are provided in Exhibit 65. Period-of-record average spring flow estimates 
based on Intera’s simulated data, Rock Springs – 58.9 cfs and Wekiwa Springs – 68.5 cfs, 
were higher than the observed values listed in Exhibit 64. 

 

Exhibit 64. Summary of regulatory Wekiva River and major springs minimum flows and 
levels (Hupalo et al. 1994). 
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A comparison of spring discharge estimates for the periods 1959-1997 and 1998-2005 
indicate that average flows at Rock Springs have declined from about 60.8 to 53.4 cfs and 
from 70.0 to 66.8 cfs at Wekiwa Springs. Intera (2006) noted that flow duration curves for 
Rock and Wekiwa Springs were significantly lower during the 2003-2005 period 
compared to the previous data record for 1959-2002. It should be noted that the later 
period contained some significant drought events and is a shorter period than the 
previous data record. 

 

Exhibit 65. Basic statistics for observed discharge data for Rock and Wekiwa springs and 
for Orlando rainfall, 1931 – 2005 (Intera 2006). 

 
In 2007, in response to a recommendation included in the Wekiva River Basin 
Coordinating Committee’s 2004 report, the WMD reassessed the MFLs for Rock Springs 
and Wekiwa Springs and concluded that the existing spring MFLs were protective of the 
relevant water resource values.  Consequently, the existing MFLs were not changed. 
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As a part of this evaluation, the St. Johns River WMD assessed whether the water resource 
and human use values (WRVs) for Rock and Wekiwa springs were protected under the 
District’s MFL hydrologic regime. When establishing MFLs, Section 62-40.473 of the 
Florida Administrative Code requires water management districts to consider the natural 
seasonal fluctuations in water flows or levels, non-consumptive uses, and ten 
environmental WRVs associated with coastal, estuarine, riverine, spring, aquatic, and 
wetlands ecology, including: (1) recreation in and on the water; (2) fish and wildlife 
habitats and the passage of fish; (3) estuarine resources; (4) transfer of detrital material; 
(5) maintenance of freshwater storage and supply; (6) aesthetic and scenic attributes; (7) 
filtration and absorption of nutrients and other pollutants; (8) sediment loads; (9) water 
quality; and (10) navigation.  

“Working” definitions for the ten WRVs developed by the St. Johns River WMD to clarify 
the development of this type of assessment include the following: 

1. "Recreation in and on the water" - The active use of water resources and associated 
natural systems for personal activity and enjoyment. These legal water sports and 
activities may include but are not limited to: swimming, scuba diving, water 
skiing, boating, fishing, and hunting. 

2. "Fish and wildlife habitats and the passage of fish" - Aquatic and wetland 
environments required by fish and wildlife, including endangered, endemic, 
listed, regionally rare, recreationally or commercially important, or keystone 
species, to live, grow, and migrate. These environments include hydrologic 
magnitudes, frequencies and durations sufficient to support the life cycles of 
wetland and wetland dependent species. 

3. "Estuarine resources" - Coastal systems and their associated natural resources that 
depend on the habitat where oceanic saltwater meets freshwater. These highly 
productive aquatic systems have properties that usually fluctuate between those 
of marine and freshwater habitats. 

4. "Transfer of detrital material" - The movement by surface water of loose organic 
material and debris and associated decomposing biota. 

5. "Maintenance of freshwater storage and supply" - Protection of an amount of 
freshwater supply for permitted users at the time of MFLs determination. 

6. "Aesthetic and scenic attributes" - Those features of a natural or modified 
waterscape usually associated with passive uses such as: bird watching, sight-
seeing, hiking, photography, contemplation, painting and other forms of 
relaxation that usually result in human emotional responses of well-being and 
contentment. 

7. "Filtration and absorption of nutrients and other pollutants" - The reduction in 
concentration of nutrients and other pollutants through the processes of filtration 



 

Wekiva River and Springs Restoration Plan 

97 

 

and absorption (i.e., removal of suspended and dissolved materials) as these 
substances move through the water column, soil or substrate, and associated 
organisms. 

8. "Sediment loads" - The transport of inorganic materials, suspended in water, 
which may settle or rise; these processes are often dependent upon the volume 
and velocity of surface water moving through the system. 

9. "Water quality" - The chemical and physical properties of the aqueous phase (i.e., 
water) of a water body (lentic) or a water course (lotic) not included in #7 (i.e., 
nutrients and other pollutants) above. 

10. "Navigation" - The safe passage of commercial water craft (e.g., boats and ships), 
that is dependent upon sufficient water depth, sufficient channel width, and 
appropriate water velocities. 

For this analysis of Rock and Wekiwa Springs, the St. Johns River WMD collected and 
summarized historical data pertinent to the evaluation of the relevant WRVs, with a focus 
on data that corresponded to high and low flow/level events. Data included all readily 
available hydrologic, geologic, ecological, biological, recreational, and physicochemical 
data. The St. Johns River WMD determined that the existing, adopted minimum annual 
mean flows for Rock and Wekiwa Springs were adequate to protect the WRVs directly 
supported around the springs. Data gaps and uncertainties were found to be present for 
several of the WRVs being assessed at Rock and Wekiwa Springs. For those cases where 
findings were inconclusive, WRVs were presumed to be protected by the existing spring 
MFLs and a recommendation was made for additional data collection and analyses.  

The 2007 re-study determined that Rock Springs was in a relatively natural state that was 
like its descriptions from the 1950s (H.T. Odum, unpublished data). All normal spring 
trophic levels were represented despite a high level of public use in the portion of Rock 
Springs Run that lies within Kelly Park. Measured rates of ecosystem metabolism in Rock 
Springs were like rates measured in other Florida springs in Central Florida. The only 
apparent degradations observed at this spring were the consistently elevated 
concentrations of nitrate-nitrogen in the source groundwater at the spring boil. This high 
nitrate concentration was not correlated with increased cover by filamentous algae or 
reduced metabolism in the upstream area, unlike conditions that were previously 
documented further downstream in Rock Springs Run.  

Evaluation of historical data from Rock Springs with the St. John River WMD’s frequency 
analysis approach found that the estimated return interval for potentially harmful 
changes to WRVs—including WRV No. 1: Recreation In and On the Water; WRV No. 2: 
Fish and Wildlife Habitat and Fish Passage; and WRV No. 7: Filtration and Absorption 
of Nutrients and Other Pollutants—could be measurably increased as a result of the St. 
Johns River WMD’s MFL for this spring. However, considerable uncertainty surrounded 
determination of the actual magnitude and frequency of these possible effects. For this 
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reason, the relevant WRVs were presumed to be protected at Rock Springs with the 
caveat that additional data collection and analyses would be necessary to confirm this 
conclusion.  

Historical discharge data and an evaluation of existing consumptive uses in the 
springshed indicated that the spring MFL at Rock Springs was being approached and 
that additional water supply capacity might be nearly depleted due to groundwater 
Consumptive Use Permits that had been approved since inception of the spring MFLs in 
1992. For this reason and because of apparently declining flow rates in Rock Springs, the 
District concluded that WRV No. 5: Freshwater Storage and Supply might not be 
protected soon. Based on historical data and analyses conducted for the 2007 evaluation, 
the St. Johns River WMD concluded that other relevant WRVs were protected in Rock 
Springs by the spring MFL.  

The St. Johns River WMD’s 2007 report concluded that Wekiwa Spring was degraded 
compared to its historic condition as documented in the early 1950s by Dr. H.T. Odum. 
Physical changes in terms of an expanded spring pool, a stone retaining wall, and high 
levels of human recreational use activities, as well as elevated nitrate-nitrogen 
concentrations and exotic species impacts were the likely causes of this degraded 
condition. The cumulative effect of these impacts was demonstrated in impaired 
ecosystem productivity and a truncated food chain that was limited to algae and primary 
consumers. These historical alterations and impacts at Wekiwa Springs made it difficult 
to evaluate spring MFL-related protection of WRV No. 2: Fish and Wildlife Habitat and 
Fish Passage, WRV No. 7: Filtration and Absorption of Nutrients and Other Pollutants, 
and WRV No. 9: Water Quality. For this reason, the St. Johns River WMD presumed that 
these WRVs were protected with the caveat that their status was obscured due to the 
observed impacts from recreational development.  

The analysis of both historical and new data from Wekiwa Springs also indicated the 
potential for additional impairment from reduced hydrology because of flow reductions. 
The relevant WRVs that appeared to be most sensitive to possible flow reductions in 
Wekiwa Spring were WRV No. 8: Sediment Loads and WRV No. 9: Water Quality. The 
District concluded that the existing Wekiwa Spring MFL protects WRV No. 6: Aesthetic 
and Scenic Values as well as other relevant WRVs (WRV No. 1: Recreation In and On the 
Water and WRV No. 4: Transfer of Detrital Material).  

Review of historical flow data and of the Consumptive Use Permits issued near Wekiwa 
Springs found that flows had declined over the previous five decades and that declining 
spring discharge was approaching the limits of flow reductions allowed by the St. Johns 
River WMD’s spring MFL. Based on the assumption that the District’s existing steady-
state groundwater model was the best estimator of the effects of permitted and un-
permitted consumptive uses on spring MFLs, it was presumed that WRV No. 5: 
Freshwater Storage and Supply was protected at Wekiwa Springs at the time of the 2007 
evaluation. 
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Recent re-analysis of actual empirical spring flow data by the Center for Earth 
Jurisprudence (Williams 2014, Appendix B) concluded that both Wekiwa and Rock 
Springs flows are currently below the allowable MFLs. The St. Johns River WMD has 
indicated that these flows are expected to go below the MFLs within the next 20 years but 
has not formally determined that the MFLs are currently in violation and in need of 
recovery. 

Surface Water Improvement and Management Program (2002) 
The Wekiva River basin is part of the St. Johns River WMD’s Surface Water Improvement 
and Management (SWIM) program for the Middle St. Johns River Basin.  The program’s 
primary goal is protection and restoration of aquatic resources of that basin. Specific goals 
set forth in the middle basin SWIM plan include: 

 To preserve natural and functional components of the ecosystem while restoring, 
where feasible, such conditions to the degraded portions of the system. 

 To preserve, or where necessary restore, the quantity and quality of water 
necessary to support thriving biological communities, containing appropriate 
diversities of native species within the riverine and lacustrine systems of the St. 
Johns River Middle Basin. 

 To pursue the development and implementation of stormwater management 
plans. 

 Developing Pollutant Load Reduction Goals (PLRGs) for the Wekiva River and 
Rock Springs Run implements goals stated in the Middle St. Johns River Basin 
SWIM Plan. 

Wekiva Parkway and Protection Act (2004) 
In 2002, Governor Jeb Bush appointed the Wekiva Basin Area Task Force to make 
recommendations on the best route for a limited-access expressway to connect State Road 
429 and Interstate 4 in Seminole and Orange Counties. The Task Force was directed to 
make protection of the Wekiva River Ecosystem a priority. This group submitted a report 
to the Governor in January 2003. Governor Bush then appointed the Wekiva River Basin 
Coordinating Committee (WRBCC) to expand on the Task Force recommendations and 
develop implementation strategies. 

Because of the recommendations of the WRBCC, the Florida Legislature passed the 
Wekiva Parkway and Protection Act in 2004 (Chapter 369, Part III, FS). One element 
instructed the St. Johns River WMD to develop PLRGs for the Wekiva Study Area as the 
first step to assist the FDEP in adopting nutrient Total Maximum Daily Loads (TMDLs) 
for impaired waters within the Wekiva Study Area by December 1, 2006 (Chapter 369.318 
[8], FS). 
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The WRBCC identified the Wekiva River and its primary upstream tributary, Rock 
Springs Run, as high-priority for protection. Consequently, the St. Johns River WMD 
focused its initial efforts, beginning in the summer of 2004, on development of PLRGs for 
these two important spring-run streams. The St. Johns River WMD prepared a PLRG 
report to address the statutory requirements of the Wekiva Parkway and Protection Act. 

Department of Health Septic Tank Study (2004) 
(Excerpt from the Florida Department of Health Wekiva Basin Onsite Sewage 
Treatment and Disposal Study 2004)  

The Florida Department of Health was required by the Wekiva River Protection Act 
(Section 369.318, F.S.) to conduct a study of onsite treatment and disposal system (septic 
tank and drainfield system) standards needed to achieve nitrogen reductions protective 
of groundwater quality within the Wekiva Study Area. The Department was directed to 
consider a more stringent level of wastewater treatment to reduce the level of nitrates 
discharged from onsite treatment and disposal systems and implement a maintenance 
and inspection program, including upgrading existing systems and funding mechanisms. 
The Department of Health concluded that onsite sewage treatment and disposal systems 
are just as protective of the environment and public health as a central sewer system. 

The Department of Health recommended the following: 

 Set a discharge limit of 10 milligrams per liter of total nitrogen for new systems, 
systems being modified, and for existing systems in the primary and secondary 
Wekiva Study Area protection zones. 

 Prohibit the land-spreading of septage and grease trap waste in the Wekiva Study 
Area. Septage waste would be required to be disposed of at wastewater treatment 
plants. 

 Evaluate the economic feasibility of sewering versus nutrient removal upgrades 
to existing onsite sewage treatment and disposal systems. A phased-in approach 
for replacing the remaining existing systems should be developed with a target 
completion date of 2010. 

 Establish new regional wastewater management entities or modify existing ones 
to oversee the maintenance of all wastewater discharged from onsite sewage 
treatment and disposal systems in the study area. These programs should take the 
privatization approach and contract with existing licensed septic tank contractors. 
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FDEP Nutrient Reduction Strategies (2004) 
(Excerpt from a Strategy for Water Quality Protection: Wastewater Treatment in the 
Wekiva Study Area 2004)  

This study was prepared for the Governor and the Department of Community Affairs in 
response to the Wekiva Parkway and Protection Act, specifically section 369.318(1), F.S. 
The law required the FDEP to study the efficacy and applicability of water quality 
standards needed to achieve nitrogen reductions protective of surface and ground water 
quality in the Wekiva Study Area (WSA). It also required the FDEP, if appropriate, to 
initiate rule making by March 1, 2005, to achieve nitrogen reductions protective of surface 
and ground water quality or recommend additional statutory authority needed to 
implement report recommendations. 

The FDEP concluded that springsheds and their associated land uses directly influence 
water quality in the springs. Water quality data from ambient monitoring programs, 
compliance monitoring, reports presented to the Wekiva River Basin Coordinating 
Committee, and other investigations in the WSA create a complex picture of specific 
cause and effect relationships. These relationships are made complex not only by the 
difficult-to-define system of underground conduits feeding each spring, but also by the 
time it takes a molecule of water to travel from the ground surface to the aquifer to the 
spring. This time ranges from a few days to greater than 40 years, so the impacts of land 
use changes made 30 years ago could be observed in a spring today. Likewise, the impact 
of land use changes made today may not be observed for years. 

Water quality impacts in the spring boil and run are not easily measured using traditional 
methods of analysis, like chlorophyll a levels. Instead the changes resulting from 
increased nutrient levels may be measured through the changes in the macrophytes 
(larger plants like eelgrass) and their associated animal community. This type of analysis 
was the focus of work by the Florida Springs Task Force, and by the St. Johns River Water 
WMD and the FDEP. 

FDEP concluded that:  

1. Water and most of the nitrogen entering the ground in the springshed will 
ultimately find its way to a spring;  

2. Water quality in a ‘natural’ spring can be assessed by examining the quality of the 
springs in the WSA and surrounding areas; and,  

3. Depending on specific geologic characteristics of the WSA, definable areas 
recharge the aquifer, therefore the springs, more quickly than other areas. 

Based on nitrogen concentrations observed in unaffected springs in the WSA and the 
Ocala National Forest, a wastewater treatment strategy was developed to reduce nutrient 
loading to the springshed. To focus on facilities that would most directly impact spring 
water quality, in the future, the statewide Florida Aquifer Vulnerability Assessment was 
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tailored for the WSA as the Wekiva Aquifer Vulnerability Assessment (WAVA). From 
this analysis three protection zones were delineated, with the primary protection zone 
requiring the highest level of wastewater treatment. 

FDEP recommended the following actions: 

1. Adopt the WAVA Protection Zones; and 

2. Adopt the enhanced wastewater treatment requirements for ground water 
discharges. 

Within the Primary Protection Zone, the following enhanced wastewater treatment 
requirements were recommended: 

1. No new rapid rate or restricted access slow-rate land application systems. 

2. Existing large wastewater treatment facilities with rapid rate systems as the 
primary reuse method were required to reduce nitrogen in applied reclaimed 
water to 3.0 mg/L Total Nitrogen as N within five years. Where rapid rate systems 
are utilized only as back up to the regional reuse irrigation system, they were to 
be part of the regional reuse system. 

3. Existing large wastewater treatment facilities with regional reuse irrigation 
systems or restricted access irrigation systems were required to reduce nitrogen in 
the applied reclaimed water to 10.0 mg/L Total Nitrogen as N within five years. 

4. Existing small wastewater treatment facilities were required to connect to a 
regional wastewater treatment facility within five years, or reduce nitrogen in 
reclaimed water to 10.0 mg/L Total Nitrogen as N. 

5. No land application of wastewater residuals was allowed. 

Within the Secondary Protection Zone, the following enhanced wastewater treatment 
requirements were recommended: 

1. Existing large wastewater treatment facilities with rapid rate systems as the 
primary reuse method were required to reduce nitrogen in applied reclaimed 
water to 6.0 mg/L Total Nitrogen as N within five years. New systems were 
required to meet this requirement. Where rapid rate systems are utilized only as 
back up to the regional reuse irrigation system, they were to be considered to be 
part of the regional reuse system. 

2. Existing large wastewater treatment facilities with regional reuse irrigation 
systems or restricted access irrigation systems were required to reduce nitrogen in 
the applied reclaimed water to 10.0 mg/L Total Nitrogen as N within five years. 
New systems were required to meet this requirement. 



 

Wekiva River and Springs Restoration Plan 

103 

 

3. Existing small wastewater treatment facilities were required to connect to a 
regional wastewater treatment facility within ten years or reduce nitrogen in 
reclaimed water to 10.0 mg/L Total Nitrogen as N. 

4. No land application of wastewater residuals was allowed. 

Large wastewater treatment facilities are those with a permitted capacity of 100,000 gpd 
and greater, small wastewater treatment facilities are those with a permitted capacity of 
less than 100,000 gpd. 

Within the Tertiary Protection Zone, facilities were required to meet the existing 
regulations, with the possibility of requiring an increased monitoring program and to 
adopt enhanced wastewater treatment requirements for surface water discharges, as 
follows: 

 New surface water discharges shall only be permitted as back up to a regional 
reuse system and must comply with the provisions of the APRICOT Act, as 
codified in Section 403.086(5), F.S. 

 Existing surface water discharges shall be limited to a back-up to a regional reuse 
system, and shall constitute no more than 30% of the wastewater treatment plant 
flow on an annual average basis. Facilities in this category would be required to 
be in compliance within five years. 

To accomplish these recommended requirements, a legislative bill would need to be 
crafted in the same manner as used for the Tampa Bay Estuary, the Indian River Lagoon, 
and most recently, the Florida Keys. The FDEP concluded it would not be able to 
implement the requirements through rulemaking under its existing authorities. Local 
governments may also need state assistance to implement the more stringent 
requirements. If so, FDEP will need to work with the Legislature to identify funding 
sources to assist with these efforts. 

Wekiva River Promise 
The Wekiva River Promise is a project of the Rotary Club of Seminole County South. 
Individuals and families who wish to make the “promise” have to pay a fee that Rotary 
International uses for water projects and have to make a series of commitments. Each 
family can then place a sign in their yard that indicates that they have made the Wekiva 
River Promise. 

 The specific Wekiva River Promise commitments include the following:  

1. I will use less fertilizer, no fertilizer or slow release fertilizer on my lawn;  

2. I will have my septic tank inspected and pumped every five years;  

3. I will plant native or drought tolerant trees, shrubs, and ground cover;  

4. I will use pesticides and herbicides only when absolutely necessary; and  
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5. I will write a letter to my local or county commissioner and/or state legislators to 
let them know that I support protecting the Wekiva River Basin. 

Pollutant Load Reduction Goals (2006) 
(Excerpt from Wekiva River and Rock Springs Run Pollutant Load Reduction Goal 
Study, Mattson et al, 2006) 

The Wekiva Parkway and Protection Act of 2004 (Chapter 369, Part III, F.S.) required the 
St. Johns River WMD to develop Pollutant Load Reduction Goals (PLRGs) for the major 
spring-fed ecosystems within the Wekiva Study Area (WSA) – Wekiwa Springs, Wekiva 
River, Rock Springs, and Rock Springs Run. PLRGs are similar to and a precursor to 
TMDLs and provide an estimate of the reductions in pollutant loadings needed to meet 
water quality standards or goals.  

Development of a PLRG is a four-step process: 1) determine the nature and degree of 
impairment, 2) identify the causative pollutant(s), 3) determine the acceptable 
concentration of each causative pollutant, and 4) determine the reduction in loading 
required to achieve the acceptable concentration of each causative pollutant. The St. Johns 
River WMD used multiple lines of evidence for setting the Wekiva River and Rock 
Springs PLRGs, including: relevant information in the scientific literature; biological, 
chemical, and physical data for the Wekiva River and Rock Springs Run and reference 
(less impacted) streams; mesocosm experimental studies in the Wekiva River and Rock 
Springs Run and reference streams; and data for other spring-fed streams in Florida.  

Two reference streams in the Ocala National Forest were used to help assess impairment 
- Alexander Spring Creek Run and Juniper Creek. This work indicated potential 
impairment of the Wekiva River and Rock Springs Run by overgrowth of periphytic 
algae, dominance of the periphyton by Cyanobacteria (blue-green algae), and toxic effects 
on larvae of nitrate-sensitive aquatic organisms. Two causative pollutants create these 
potential effects: nitrate-nitrogen and total phosphorus (TP). 

Two water quality standards apply to these effects: nutrients and toxicity. The standard 
for nutrient impairment requires that nutrients not cause an imbalance in flora and fauna 
(Chapter 62-302.530[48][b], F.A.C.), such as algal blooms, changes in algal species 
richness or taxonomic composition, or presence of nuisance algal mats. State and Federal 
water quality standards require that any pollutant shall not be present at toxic levels 
(Chapter 62-302.530[62], F.A.C.).  

Using these standards, the 2006 PLRG study detailed several lines of evidence that the 
concentrations of nitrate and TP in the Wekiva River and Rock Springs Run were too 
high:  

1. They are higher than in the reference streams and other less-impacted Florida 
springs and spring-run streams;  
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2. They are higher than historical data for springs and spring-run streams;  

3. Various measures of ecosystem metabolism are altered in the Wekiva River and 
Rock Springs Run, as compared to the reference streams and these changes are 
correlated with higher concentrations of nitrate and TP;  

4. In laboratory studies the growth of filamentous Cyanobacteria is accelerated by 
nitrate;  

5. In field studies of other springs, the abundance and growth of epiphytes was 
correlated with TP;  

6. In the Wekiva River and Rock Springs Run, the relative abundance of 
Cyanobacteria and Chlorophyta (algae which are generally considered “nuisance” 
taxa) was higher in sites with higher TP;  

7. Data from studies reported in the scientific literature indicate that nitrate is toxic 
to larvae of sensitive aquatic insects and amphibians at concentrations that have 
occurred in the Wekiva River and Rock Springs Run. Nitrate concentrations in the 
Wekiva River and Rock Springs Run have commonly exceeded estimated no-
effects levels for these nitrate-sensitive aquatic organisms. 

To reduce the potential for violation of water quality standards, the St. Johns River WMD 
recommended that mean concentrations of nitrate and TP be reduced to 216 μg/L (0.216 
mg/L) nitrate-nitrogen and 59 μg/L (0.059 mg/L) total phosphorus in the Wekiva River 
and 221 μg/L (0.221 mg/L) nitrate-nitrogen and 61 μg/L (0.061 mg/L) total phosphorus 
in Rock Springs Run. These concentrations include a margin-of-safety and were derived 
using statistical techniques that ensure a very low probability of exceeding thresholds 
that promote excessive or nuisance algal growth. 

Total Maximum Daily Loads (2008) 
Total Maximum Daily Loads (TMDLs) must be developed for waterbodies that are 
verified as impaired, meaning that they do not meet their designated uses. A TMDL is 
the amount of a pollutant that a waterbody can receive and still maintain its designated 
uses. In June 2008, the Florida Department of Environmental Protection adopted the 
nutrient TMDLs for the Wekiva River, Wekiwa Springs, and Rock Springs Run (nitrate 
and TP), as well as the nutrient and DO TMDLs for the Little Wekiva Canal (Gao 2008). 
For assessment purposes, the department has divided the Wekiva River, Rock Springs 
Run, and Little Wekiva Canal watersheds into water assessment polygons with a unique 
WBID number for each watershed or stream reach. The upstream and downstream 
segments of the Wekiva River are WBIDs 2956 and 2956A, respectively. The Little Wekiva 
Canal is WBID 3004. 

Exhibits 66 and 67 summarize the nutrient TMDLs and pollutant load allocations to the 
WLA and LA categories adopted by rule for each of the impaired WBIDs in the Wekiva 
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River, Rock Springs Run, and Little Wekiva Canal BMAP area. Additional information is 
provided in the specific TMDL documents (Gao 2008; Bailey 2008). 

The Little Wekiva River (WBID 2987) and Blackwater Creek (WBID 2929A) were not 
verified as impaired and thus have no associated TMDLs to improve their own water 
quality. However, per Section 6.1 of the nutrient TMDL document for the Wekiva River, 
reducing the nitrate and TP loads in these tributaries will help achieve load reductions in 
the Wekiva River. Exhibits 66 and 67 show the load reductions needed for these streams 
to meet the TMDLs for the Wekiva River.  

 

Exhibit 66. Nitrate and total nitrogen Total Maximum Daily Loads in the Wekiva River 
System (Gao 2008 and Bailey 2008). 

 
 

 

 

 

 

 

 

 

Exhibit 67. Total phosphorus Total Maximum Daily Loads in the Wekiva River System 
(Gao 2008 and Bailey 2008). 
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Basin Management Action Plan (2015) 
(Excerpt from Final Basin Management Action Plan for the Implementation of Total 
Maximum Daily Loads for Nutrients for Wekiva River, Rock Springs Run, and Little 
Wekiva Canal. FDEP 2015) 

TMDLs are implemented through Basin Management Action Plans (BMAPs), which 
contain strategies to reduce and prevent pollutant discharges through various cost-
effective means. The FDEP and the affected stakeholders in the various basins jointly 
develop BMAPs or other implementation approaches. 

The planning area encompassed by the Wekiva BMAP covers approximately 513 square 
miles, situated mainly in Lake and Orange Counties, with smaller portions in Seminole 
and Marion Counties. The southeastern portion of the BMAP area is highly urbanized 
and occupied by several municipalities in Seminole and Orange Counties, including the 
cities of Altamonte Springs, Apopka, Maitland, and Orlando. More rural areas are in Lake 
County and a small portion of Marion County. 

The Wekiva BMAP area includes roughly half of the Wekiva ground water basin drawn 
by the St. Johns River WMD and includes the springs that contribute to the Wekiva River, 
Rock Springs Run, the Little Wekiva River, and Blackwater Creek. This ground water 
basin, or springshed, includes most of the combined ground water and surface water 
contributing area for the Wekiva River system. The portion of the springshed within the 
BMAP planning area includes a significant recharge area for the springs that are part of 
the Wekiva River system. 

The Wekiva River surface water basin, a large portion of the springshed for the group of 
springs that contributes flow (and nutrients) to the system, and the Little Wekiva Canal 
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watershed are also part of the BMAP planning area. Although the Little Wekiva River 
and Blackwater Creek watersheds are not verified as impaired and do not have TMDLs, 
their contributing areas are included in the BMAP as contributing areas to the Wekiva 
River (main stem), nutrient reductions made in those watersheds will also benefit the 
Wekiva River (main stem). 

Projects and management actions described in the BMAP include a range of nutrient 
reduction activities. Many have been completed, and others are under construction, in 
the design, or conceptual planning stage. A significant effort has already been made by 
the Wekiva Basin Working Group member organizations, and a further commitment has 
been made to implement in-process projects and programs during the first five-year 
phase of the BMAP. 

The water quality impacts of BMAP implementation are based on several fundamental 
assumptions about the parameters targeted by the TMDLs, modeling approaches, 
waterbody response, and natural processes. In addition, there are important factors to be 
considered about the nature of the BMAP and its long-term implementation. 

This BMAP requires stakeholders to implement their committed projects within the first 
five-year BMAP cycle. However, the full attainment of the TMDL targets will be a long-
term process, adaptively managed in iterative five-year BMAP cycles. While some 
projects and activities contained in this BMAP were completed or are currently ongoing, 
other projects require time for design, permitting, construction, and to secure funding. 
Funding limitations do not affect the requirement that every entity must implement the 
activities committed to in this BMAP. 

To meet the TMDL targets established for the Wekiva River, Rock Springs Run, and Little 
Wekiva Canal, future actions will be needed beyond those identified for the first five-
year BMAP cycle. Regular monitoring, follow-up, and continued coordination and 
communication with stakeholders are essential to ensure the implementation of projects 
and management actions and assessment of their incremental benefits. 

The BMAP provides detailed project lists to be implemented by each responsible entity 
in the next five years, and describes monitoring plans to track changes in water quality 
concurrent with BMAP implementation. Projects and management actions completed 
since January 1, 2000, were eligible for BMAP credit, based on the water quality data used 
to establish the TMDLs. The actions included in this first BMAP iteration have been 
completed, are ongoing, or must be completed within the next five years. 

Cost estimates were provided by stakeholders for more than 50% of the projects and 
management actions listed in the 2015 BMAP. The total estimated cost for these projects 
exceeds $262 million, and approximately $202 million has been expended to date (on 
completed projects). Stakeholders are required to implement additional projects listed in 
the BMAP, but accurate cost estimates have not yet been developed for these other 
projects. The total cost estimate for all projects referenced in the BMAP is unknown until 
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more information is known about each project. Over the first five-year phase of the 
BMAP, FDEP expects stakeholders to achieve significant reductions in annual nutrient 
loadings to the Wekiva River Basin, including 439,879 pounds of TN and 68,612 pounds 
of TP, based on conservative estimates. Exhibit 68 provides estimates of nutrient load 
reductions for significant project commitments. 

While the Wekiva River, Rock Springs Run, and Little Wekiva Canal BMAP is an 
important step forward to reduce nutrients, FDEP concluded that much remains to be 
accomplished. Onsite sewage treatment and disposal systems, or septic tanks, are a 
significant source of nutrient loads to the Wekiva system that must be more fully 
addressed. Consequently, the BMAP includes commitments from the Department and 
stakeholders to work together to prioritize areas where nitrogen reductions from septic 
tanks are necessary, to evaluate and select projects and management actions in the 
priority areas, and to develop stakeholder implementation plans. This Onsite Septic Tank 
Initiative will provide the basis for implementing projects in this BMAP, and for 
identifying additional projects in future BMAPs. 

 

Exhibit 68. Estimated nutrient load reductions completed or committed during the first 
five-year Wekiva BMAP (FDEP 2015) 

 
 

FDEP must also work with the technical stakeholders to organize the monitoring data 
and track project implementation. The results will be used to evaluate whether the plan 
is effective in reducing nutrient loads in the watershed. The technical stakeholders will 
meet approximately every 12 months after the adoption of the BMAP to follow up on 
plan implementation, share new information, and continue to coordinate on TMDL-
related issues. 

The Wekiva River, Rock Springs Run, and Little Wekiva Canal BMAP has been prepared 
in coordination with the Wekiva Parkway and Protection Act and reflects the 



 

Wekiva River and Springs Restoration Plan 

110 

 

commitment by stakeholders to implement projects and management actions to reduce 
nutrient loading during the first five-year implementation period. The management 
actions and associated projects provide reasonable assurance that progress towards load 
reductions consistent with TMDL requirements will be sufficiently achieved within the 
overall BMAP planning area within the five-year period. This does not imply that the 
entire load reduction required by the applicable TMDLs will be achieved during the first 
five years, but that estimated load reductions are sufficient to incrementally restore the 
waterbody and achieve TMDL requirements with future BMAP iterations. 

The adopted TMDLs for the Wekiva River, Rock Springs Run, and the Little Wekiva 
Canal provide the allocations used in this BMAP. For nonpoint sources, these allocations 
are collectively applied throughout the entire Wekiva BMAP planning area. In 
association with this and future BMAP updates, the FDEP and stakeholders may use 
additional science-based tools to reduce loadings more effectively and efficiently. These 
tools may include the identification of priority areas for additional nutrient reduction 
projects and agricultural best management practice (BMP) implementation, both of which 
may include targeted priorities within springsheds, aquifer vulnerability areas, or land 
activities associated with a higher nutrient loading potential. 

The requirements of this BMAP are enforceable by the FDEP. For surface water 
discharges from wastewater treatment facilities and municipal separate storm sewer 
systems (MS4s), the BMAP and required TMDL reductions are enforceable conditions in 
National Pollutant Discharge Elimination System (NPDES) permits. Pursuant to Section 
403.067, F.S., nonpoint sources such as agriculture must demonstrate compliance with 
required reductions by either implementing the appropriate BMPs or conducting water 
quality monitoring prescribed by the department or a water management district that 
demonstrates compliance with state water quality standards. 

Summary of Wekiva Basin Restoration and Protection 
The Wekiva River Basin—including Rock Springs Run, the Little Wekiva River, and 
nearly 30 named springs—has received more regulatory and political attention than any 
other spring system in Florida. Florida’s environmental protection agencies – FDEP and 
the St. Johns River WMD assisted by the U.S. Environmental Protection Agency - have 
applied their scientists and engineers to study the Wekiva, and have made sweeping 
recommendations for reducing nitrogen inputs and implementing water conservation 
measures to reverse the declining health of the springs and river. The Friends of the 
Wekiva River have brought unprecedented personal energy and dedication to trying to 
solve these problems. Thousands of acres surrounding the Wekiva River Basin have been 
purchased and placed in public ownership as protected areas.  

Unfortunately, ongoing data reviews for both Wekiva and Rock Springs indicate that the 
two most sensitive measures of springs health – spring flow and nutrient levels - are still 
impaired. Flow discharge at both springs have been on declining trajectories for the past 
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50 years and nitrate levels continue to stay elevated above the state’s TMDL goals.  There 
is no evidence to date that any of these mandated efforts to reduce nutrient pollution in 
Wekiwa Springs and Rock Springs have had measurable success. Nitrate concentrations 
in both springs continue to be from five to ten times higher than the target TMDLs. Sadly, 
nitrate levels are still rising. 

The Center for Earth Jurisprudence provided detailed comments about the draft Wekiva 
BMAP issued in April 2013 (reproduced in full as Appendix C). This review pointed out 
that the draft BMAP (and the relatively unchanged final BMAP) do not fully allocate the 
sources of the nutrients that are covered by the TMDL to the responsible parties and 
specifically gives the largest single contributor, namely agriculture with 32% of the 
estimated load, a free ride to make an insignificant contribution to load reductions (less 
than one percent). 

The lesson from Wekiva is that even with every possible regulatory protection, with 
unprecedented legislative support, with a dedicated public advocacy group, and with 
MFLs, TMDLs, BMAPs, and BMPs, these springs are not recovering.  In fact, the 
ecological health of Wekiva and Rock Springs appear to be continuing their downward 
spirals.  

Successful springs’ restoration and protection will clearly require more than wishful laws 
and business as usual. Success will require collaborative and regional efforts to protect 
entire springsheds by reducing wasteful groundwater pumping, reducing the use of 
nitrogen fertilizers, and improving waste disposal practices. Well-intentioned laws that 
are not enforced serve only as the appearance of restoration and not the reality. 

 
Holistic Restoration 
Vision for Recovery 
We can only surmise the appearance of the Wekiva River System springs prior to the 20th 
century. It is likely that more than one hundred years ago, these springs were surrounded 
by forests of massive oaks, hickories, and cabbage palms, their banks lined by colossal 
cypress and gum trees, their depths vegetated by bright-colored tapegrass, naiad, 
coontail, and red ludwigia; and waters so clear and blue that their abundant fish 
appeared to float in thin air. Before the region’s population explosion, they were healthy 
springs functioning at Nature’s maximum efficiency, converting sunlight, carbon 
dioxide, and pure water into food and thereby supporting a multitude of dependent 
wildlife habitats stretching from their source downstream to the St. Johns River; helping 
to support a living freshwater aquatic system stretching more than 157 miles downstream 
to the coastal St. Johns River Estuary and the Atlantic Ocean and, in turn, attracting 
diadromous fish such as striped bass, Atlantic sturgeons, striped mullet, and Atlantic eels 
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to make the long journey to the water’s source. Those fish were following an aquatic path 
that was charted over more than 10,000 years of groundwater discharge from the Wekiva 
System springs. 

Recovery and protection of the Wekiva River Springs System is not optional, it is 
mandatory. A healthy and restored Wekiva is the public’s mandate to their elected and 
appointed public servants, and has been enshrined in state and federal laws time-after-
time. The central questions that this restoration action plan attempts to answer are:  

 How much of that historic/future vision can be reproduced in a time of 20 million 
Florida residents and more than 100 million tourists visiting the state each year?  

 Which impairments listed above can be reversed and at what cost?  

 What are realistic goals and how can those goals most expeditiously and cost 
effectively be achieved?  

The recovery vision described in this section is holistic, is intended to restore a significant 
fraction of the river and springs lost ecological structure and function, and is affordable. 
It describes a set of goals that are clearly in the public’s best interest, rather than serving 
the very personal interests of private and for-profit entities that benefit most from 
excessive groundwater depletion/pollution and recreational exploitation. 

Water Quantity 
Under the leadership of FDEP, three contiguous WMDs (St. Johns, South Florida, and 
Southwest Florida), FDACs, and regional water utilities developed the Central Florida 
Water Initiative (CFWI) in 2015 to implement water resource planning and water supply 
development through 2035. The CFWI Planning Area includes all of Orange, Osceola, 
Seminole, and Polk counties and southern Lake County (Exhibit 69) and overlaps with 
much of the Wekiva River and Springs System. The CFWI effort developed a unified 
process to address central Florida’s current and long-term water supply needs. The 
guiding principles of the CFWI as contained in the CFWI Guiding Document were: 

 Identify the sustainable quantities of traditional groundwater sources available for 
water supplies that can be used without causing unacceptable harm to the water 
resources and associated natural systems. 

 Develop strategies to meet water demands that are more than the sustainable yield 
of existing traditional groundwater sources. Strategies include optimizing the use 
of existing groundwater sources, implementing demand management, and 
identifying alternative water supplies that can be permitted and will be 
implemented as demands approach the sustainable yield of existing sources. 

 Establish consistent rules and regulations for the three water management districts 
that meet their collective goals, and implement the results of the Central Florida 
Water Initiative. 
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The goals of the CFWI, also contained in the CFWI Guiding Document (CFWI 2015), were 
one model, one uniform definition of harm, one reference condition, one process for 
permit reviews, one consistent process, where appropriate, to set MFLs and reservations, 
and one coordinated regional water supply plan, including any needed recovery and 
prevention strategies. 

Public water supply almost exclusively obtained as groundwater from the Floridan 
Aquifer System constitutes the largest water use in the region. The CFWI Planning Area 
is currently home to approximately 2.7 million people and supports a large tourist 
industry, significant agricultural industry, and a growing industrial and commercial 
sector. The area’s population is projected to reach approximately 4.1 million by 2035, 
which is a 49 percent increase from the 2010 estimate. Agriculture represents the second 
largest water use in the region, with a projected acreage of 165,000 in 2035. Agricultural 
acreage is projected to decline compared to current conditions within the central urban 
areas. In other portions of the CFWI Planning Area, industry trends indicate movement 
toward crop intensification. The CFWI Planning Area also encompasses extensive natural 
systems such as Green Swamp, Reedy Creek Swamp, Boggy Creek Swamp, Shingle Creek 
Swamp, the Kissimmee Chain of Lakes (the headwaters to the Kissimmee River), much 
of the Wekiva River Basin, 16 springs, and numerous wetland and surface water bodies. 

Current water sources in the CFWI Planning Area include groundwater (fresh and 
brackish), reclaimed water, surface water, and stormwater. Fresh groundwater sources 
(i.e., surficial, intermediate, and Floridan aquifers) are considered traditional water 
sources whereas nontraditional or alternative water sources include brackish 
groundwater, surface water, seawater, reclaimed water, and water stored in aquifer 
storage and recovery wells and reservoirs. The CFWI Planning Area has relied on 
traditional groundwater from the Floridan Aquifer System as a primary water source for 
urban, agricultural, and industrial uses. In addition, over 90 percent of the treated 
wastewater in the region (178 MGD) is reused for landscape irrigation, industrial uses, 
groundwater recharge, and environmental enhancement. 

Total average water use in the CFWI Planning Area is projected to increase from 
approximately 800 MGD in 2010 to about 1,100 MGD in 2035. This projected increase of 
approximately 300 MGD represents a total increase in water use of approximately 40 
percent. Public supply is now and is projected to continue to be the largest use category 
in the CFWI Planning Area, and accounts for more than 70 percent of this total projected 
increase. 
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Exhibit 69. Map of the Central Florida Water Initiative planning area. 

 

This CFWI Regional Water Supply Plan concluded that traditional groundwater 
resources alone will not be sufficient to meet future water demands or currently 
permitted allocations without resulting in unacceptable impacts to water resources and 
related natural systems. Primary areas that appear to be more susceptible to the effects of 
groundwater withdrawals include the Wekiva Springs/River System, western Seminole 
County, western Orange County, southern Lake County, the Lake Wales Ridge, and the 
Upper Peace River Basin. The CFWI evaluations also indicated that expansion of 
withdrawals associated with projected demands through 2035 will increase the existing 
areas of water resource stress within the CFWI Planning Area. 

Previous central Florida planning efforts and SWFWMD water supply planning and 
assessment investigations [most notably in the Southern Water Use Caution Area 
(SWUCA)] have documented that the rate of groundwater withdrawal in certain areas of 
the CFWI Planning Area is either rapidly approaching, or has surpassed the maximum 
rate that can be sustained without causing harm or adverse impacts to the water resources 
and related natural systems. 
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Minimum flows and levels (MFLs) have been established for 46 water bodies in the CFWI 
Planning Area. All 46 of these water bodies are located in the St. Johns River WMD and 
Southwest Florida WMD portions of the CFWI Planning Area. The recent status 
assessment of MFLs as part of this CFWI RWSP identified 10 water bodies within the 
CFWI Planning Area that are currently below their established MFLs and an additional 
15 water bodies that are projected to fall below their established MFLs within the 
planning horizon if projected demands were to come from traditional sources. The 
Wekiva River and five of the six MFL springs within the Wekiva River System are not 
among the water bodies that were found to be below their established MFLs. However, 
Palm Spring was found to be below its MFL and all of these springs are clearly among 
the 15 water bodies that are projected to fall below their MFLs within the CFWI planning 
horizon. 

The CFWI concluded that the future water demands of the CFWI Planning Area can be 
met through the 2035 planning horizon, while sustaining the water resources and related 
natural systems. While water conservation measures are a part of this plan, it also 
includes between 250 and 300 MGD of additional new water supplies, including 
additional groundwater extractions totaling about 50 MGD.  

Extensive evidence presented in this Wekiva River Springs Restoration Plan indicates 
that the CFWI is seriously flawed and, if fully implemented, will result in increasing harm 
to the Wekiva River System and the springs that support it. Inexplicably, based on the 
CFWI evaluation of groundwater availability, it was estimated that the CFWI Planning 
Area could potentially sustain an additional estimated 50 MGD of traditional 
groundwater use through coordinated management strategies (e.g., wellfield 
optimization, aquifer recharge and augmentation) to address unacceptable impacts. This 
finding is inconsistent with extensive evidence that the water in the Floridan Aquifer 
System is interconnected and that increased pumping in any portion of the aquifer has 
regional effects throughout the entire groundwater flow system. 

A review of the growing literature used to establish protective MFLs for Florida’s springs 
(Knight 2015) indicates that a reasonable threshold for significant harm is in the range of 
a 5 to 10% reduction in average flows. The estimated average groundwater recharge in 
the St. Johns River WMD is 1,530 MGD (Knight and Clarke 2016). Net groundwater 
consumption (assuming from 50 to 100% of the pumped groundwater is consumed) 
should be limited to about 10 to 20% of this average recharge to assure no more than a 
10% average flow reduction at the area’s springs. These data provide a quantitative basis 
to estimate a reasonable groundwater extraction rate in the St. Johns River WMD of 
between 153 and 306 MGD. Based on an estimated groundwater pumping rate in the St. 
Johns River WMD of 979 MGD in 2010 (Marella 2014), the WMD should develop a plan 
to reduce existing groundwater uses by between 69 and 84% (an average reduction of 
groundwater pumping between 673 to 826 MGD) to restore regional spring flows to more 
protective levels. These estimates are at serious odds with the CFWI plan to increase 



 

Wekiva River and Springs Restoration Plan 

116 

 

regional groundwater extractions by 50 MGD. The springs of the Wekiva River System 
would be among the many spring beneficiaries of FSI’s proposed springs water quantity 
restoration plan. 

Water Quality 
Based on evidence of an imbalance in aquatic flora because of elevated concentrations of 
total phosphorus and nitrate-nitrogen, the Wekiva River and Rock Springs Run were 
verified as impaired by FDEP in 2008. The groundwater in the Floridan Aquifer System 
underlying the Wekiva River Springshed is highly polluted by nitrate nitrogen (Exhibit 
70), with 6% of the Florida Department of Health sampled private wells (400 out of 6,600) 
having nitrate concentrations above the safe drinking water criterion of 10 mg/L, and 
44% over 1 mg/L, or 3 times higher than the spring numeric nitrogen standard of 0.35 
mg/L (FDEP 2010). The FDEP adopted nutrient TMDLs for the Wekiva River and Rock 
Springs Run (nitrate and phosphorus) in April 2008. The nitrate-nitrogen TMDL is 0.286 
mg/L and the total phosphorus TMDL is 0.065 mg/L.  

The state’s nutrient TMDLs require an average nitrate-nitrogen reduction of 79% at 
Wekiwa Springs and 81% at Rock Springs. Based on MACTEC’s inventory of total 
anthropogenic nitrogen loads to the springshed basin of 9,845 tons per year (MACTEC 
2006 and 2007), these reductions are equivalent to a nitrogen load reduction of 7,877 tons 
per year. Assuming equitable responsibility for the excessive nitrogen loads, the 
necessary total nitrogen load reductions by source are: fertilizer - 6,218 tons per year 
(2,156 tons per year for agriculture and 4,062 tons per year for urban), municipal 
wastewaters – 166 tons per year, on-site septic systems – 498 tons per year, and livestock 
– 995 tons per year. 
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Exhibit 70. Nitrate-nitrogen concentrations in groundwater in the Wekiva River 
Springshed (FDEP 2010). 
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Urban fertilizer nitrogen load reduction goals can be achieved through effective and 
enforced fertilizer ordinances. Agricultural fertilizer nitrogen load reduction goals cannot 
be achieved solely through the adoption and implementation of agricultural Best 
Management Practices (BMPs). As summarized by Graham and Clark (2013) nitrogen 
loads are only slightly reduced by existing BMPs. Therefore, to achieve agriculture’s 
responsibilities under the Wekiva TMDL/BMAP, it will be necessary to cut back 
significantly on the most fertilizer-intensive practices of row crops, citrus groves, and 
livestock operations (assume an 80% reduction in these land uses). Advanced BMPs 
capable of reliably reducing groundwater nitrate levels to less than 0.35 mg/L will need 
to be developed and implemented if agriculture is to exist in harmony with restored 
springs. One potential advanced BMP cropping plan is re-establishment of unirrigated, 
unfertilized forest plantations. 

The nutrient TMDL mandates total phosphorus load reductions at these springs of 64% 
at Wekiwa and 23% at Rock. There is little scientific evidence of elevated springs’ 
phosphorus concentrations due to urban and agricultural development (Knight 2015). 
Therefore, this restoration plan does not recommend phosphorus load reductions as a 
necessary step for restoration of the springs feeding the Wekiva River. However, 
phosphorus in stormwater runoff to the Wekiva River System is an important source of 
nutrient pollution in the river system and should be abated as much as practical by 
advanced stormwater nutrient removal technologies to protect the ecological integrity of 
that lotic ecosystem. 

Human Use and Structural Modifications 
Human recreational use is clearly impactful to the ecology of the springs in the Wekiva 
River System. Some of these springs are under state and county management and others 
are privately owned. It is recommended that updated recreational management plans be 
developed for these springs, public and private. These springs’ management plans 
should demonstrate compliance with applicable water quality and biological criteria. 
Each management plan should clearly identify an acceptable human carrying capacity, 
depending on the site-specific physical dimensions of the each spring (primarily water 
depth and area). Each springs management plan should identify existing impairments 
due to structural modifications such as hardened shorelines and dams, and provide 
changes that will eliminate or mitigate those impairments. 

 
Recommendations 
For more than a century, Florida has attracted new residents because of the moderate 
winter climate and natural beauty of the state. This attractive environment has spurred 
residential, commercial, and urban development to support the infrastructure necessary 
to provide for an expanding population. Additionally, agriculture has taken advantage 
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of Florida’s moderate climate to produce quantities of food and forage, including row 
crops, livestock, and dairy goods. This increasing economic development has resulted in 
inevitable stresses on Florida’s natural environment as humans have altered the 
landscape to suit their needs. While the natural environment of Florida (for example the 
beaches, estuaries, rivers, and springs) are what attracted many people in the first place 
to the State, the inevitable environmental “footprint” of those residents and tourists has 
taken its toll on the state’s shrinking natural resources. 

Population expansion and high-intensity lifestyles characterized by urban and 
agricultural land uses, excessive irrigation, fertilizer use, and recreational activities are 
ultimately responsible for the observed impairments in Florida’s natural environments, 
including springs. Reversal of the negative trends described in this report is achievable 
by a collective acknowledgement of the detrimental consequences of this increasing 
human footprint and purposeful reduction of behaviors negatively affecting the 
environment. 

A long history of state and federal legal protections for the Wekiva River Springs System 
has been impressive on paper but unsuccessful at halting or reversing the increasing 
degradation of this precious ecosystem. This restoration plan has been assembled to 
provide a technically sound basis for turning around this historical decline soon. 
Advocates for a restored and fully protected Wekiva River Springs System should take 
heart – the sources of pollution and impairment are abatable. In fact, existing state and 
federal laws mandate the abatement of anthropogenic stressors negatively-affecting the 
Wekiva River and springs. The key to achieving these restoration goals is to unite the 
public behind a holistic restoration effort, and to fully support and demand timely and 
effective enforcement of Florida’s laws that were intended to protect this challenged 
ecosystem. 

It is up to the concerned public to demand true leadership by state and federal 
environmental agencies. The following recommendations provide a prescription for 
springs’ recovery: 

 Friends of the Wekiva River (FOWR) should commission a detailed evaluation of 
the scope and budget of legal remedies needed to force the state and federal 
governments to fully enforce existing laws that apply to the protection of the 
Wekiva River Springs System; 

 Representatives of the FOWR and the Florida Springs Council (FSC) should meet 
with local and state FDEP officials to demand a rewrite of the Wekiva System 
BMAP so that it fully complies with current state law; 

 Representatives of the FOWR and FSC should meet with officials from the St. 
Johns River WMD and FDEP to express concern with the CFWI water supply plan, 
to demand that state agencies provide a detailed, data-driven assessment of 
compliance with and recovery of the Wekiva Springs MFLs, and development of 
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a fully-integrated monitoring plan for the river and springs, including water 
quality and quantity, human uses, and ecological functioning, to provide a basis 
for assessing trends in springs health; 

 Representatives of FOWR and FSC should meet with the Florida Department of 
Agricultural and Consumer Services (FDACS) to demand development and 
enforcement of advanced BMPs that are shown to be effective at achieving springs 
water quality criteria; 

 FOWR should lobby all local, state, and federal elected officials to seek greater 
legal protection for the Wekiva River Springs System; and 

 Members of FOWR should write and publish frequent opinion pieces in local 
newspapers and blogs on the group’s website about the existing impairments at 
the local springs and what needs to be done to restore and protect the springs. 
FOWR’s public education and outreach should include frequent public 
workshops, featured speakers, and special presentations in schools and to local 
civic groups. 

The restoration and protection of Florida’s special natural resources is a constant struggle 
between those private and public interests that stand to profit from over-exploitation and 
extraction, and those private individuals and organizations who wish to provide for a 
sustainable future. At times this battle against the destructive forces of economic 
development and profit-taking assumes the appearance of an unwinnable battle and war. 
And yet, history is ripe with examples of citizen triumphs that resulted in the reduction 
or elimination of environmental threats. Environmental advocates must take heart in 
their knowledge that the odds of success are small but that they are on the right side of 
history. Florida’s economic and aesthetic future will be severely degraded in proportion 
to the loss of the natural riches of areas like the Wekiva River and its feeder springs and 
wetlands. Protection of those treasures is a responsibility of all compassionate persons. 
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Appendix A. Description of the springs of the Wekiva River System, From St. Johns River 
WMD 2004. 
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Barrel Spring 
 
Location 
 
SE¼ sec. 36, T. 20 S., R. 28 E. (lat. 28°42'41" N, long. 81°28'18" W). This spring is located 
in the Wekiwa Springs State Park, approximately 0.7 mile west of Wekiwa Springs 
(Figure 4, Locations of Springs in the District). 
 
Description 
 
The spring was last visited by District staff in 1997. It could not be re-located in time to 
include a description and pictures in this edition of this publication. 
 
Utilization 
 
The spring is part of Wekiwa Springs State Park. It is unused. 
 
Discharge 
 
Table 1. Summary of discharge of Barrel Spring (in cubic feet per second) 
 
Minimum Mean Median Maximum Count Period 

0.18 0.26 0.27 0.31 3 1995–97 
 
Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 
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Table 2. Water quality summary of discharge water at Barrel Spring 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 21.7 23.3 23.1 26.0 5 1995–97 
Specific conductivity, field, 
μmhos/cm at 25oC 245 251 252 256 4 1995–97 

Specific conductivity, lab, 
μmhos/cm at 25oC 252 254 254 256 2 1995–96 

pH 7.23 7.51 7.51 7.73 5 1995–97 
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L       
Nitrate + nitrite, total as nitrogen, 
mg/L 0.04 0.05 0.05 0.06 4 1995–97 

Calcium, dissolved, mg/L       
Calcium, total, mg/L 30 31 32 32 4 1995–97 
Magnesium, dissolved, mg/L       
Magnesium, total, mg/L 8.3 8.9 9.0 9.1 4 1995–97 
Sodium, dissolved, mg/L       
Sodium, total, mg/L 6 6 6 7 4 1995–97 
Potassium, dissolved, mg/L       
Potassium, total, mg/L 1.18 1.26 1.20 1.40 3 1995–97 
Chloride, total, mg/L 8 9 9 11 4 1995–97 
Sulfate, total, mg/L 19 21 21 23 4 1995–97 
Fluoride, dissolved, mg/L       
Fluoride, total, mg/L 0.24 0.25 0.25 0.26 4 1995–97 
Phosphorus, total, mg/L       
Orthophosphate, total as P, mg/L 0.03 0.04 0.04 0.04 4 1995–97 
Total dissolved solids, mg/L 145 148 147 151 3 1996–97 
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Blank cells indicate no analysis. 
 
Water Quality Trends 
 
There are not enough water quality data for trend analysis. 
 
Age of Discharge Water 
 
No isotope analyses have been done. 



12/11/02  Seminole County 

Island Spring 
 
Location 
 
Island Spring is a submerged spring in the Wekiva River (lat. 28°49'22" N, long. 
81°25'03" W), north of State Road 46. The spring is approximately 7.5 miles west-
northwest of Sanford. Since it is in the bed of the Wekiva River, it is on state lands. 
 
Description 
 
None available. 
 
Utilization 
 
None. 
 
Discharge 
 
This spring has been measured four times between 1982 and 1997. 
 
Table 1. Summary of discharge of Island Spring, in cubic feet per second 

Minimum Mean Median Maximum Count Period 

6.13 6.40 6.44 6.60 4 1982–97 
 
Water Quality 
 
There are no water quality analyses. 
 
Water Quality Trends 
 
There are insufficient water quality data to do trend analysis. 
 
Age of Discharge Water 
 
No isotope analyses have been done. 
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Messant Spring 
 
Location 
 
Land grant sec. 37, T. 19 S., R. 28 E. (lat. 28°51'21" N, long. 81°29'56" W). Messant Spring 
is about 5 miles northeast of Sorrento (Figure 4, Locations of Springs in the District). 
Drive 0.5 mile east on State Road (SR) 46 from the junction with SR 437 in Sorrento, turn 
left (north) onto SR 437 and continue 3.1 miles. Turn right (east) onto SR 44 and go 
1.5 miles, turn right (south) and go 0.3 mile, turn left (east) onto a sand road (north of 
Seminole Cemetery) and drive 2.1 miles east-northeast, turn left (northwest) onto a sand 
trail and go 0.2 mile to the spring (Figure 1) (Rosenau et al. 1977). 
 
Note: The spring is located on private land, and permission must be obtained from the 
landowner to go to the spring. 

 
 

 

Figure 1. Messant Spring. Picture taken in 1995. 
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Description 
 
Messant Spring has also been known as Messinger Spring. The spring forms a circular 
pool about 45 feet (ft) in diameter in open hardwood, palm, and pine woods at the edge 
of low sand hills to the west. Vegetation is thinned and forest debris is cleaned from 
around the pool and spring run to improve access, yet a natural, undeveloped 
appearance is retained. Spring discharge issues from a single inverted conical vent 
about 15 ft in diameter at its top, tapering to about 4 ft at its bottom. A rock ledge 
extends out at a depth of 20–25 ft on the north side of the hole. A horizontal cavern 
opens under the ledge. Flow is from this cavern opening, which is 3 or 4 ft in diameter. 
A gentle boil is at the pool surface over the vent, and flow from the cavern opening is 
observed from the disturbance and suspension of particles from the pool bottom 
around the cavern opening. The sides of the pool are steep, sloping rapidly to the 
cavern opening in the central part of the pool. Flow from the pool is east down a run 
about 20 ft wide and 5–6 ft deep. The run meanders eastward for about 300 ft and then 
turns southeast to ultimately discharge to Black Water Creek (Rosenau et al. 1977). 
 
Utilization 
 
The spring is on private land and not open to the public. It is unused except for 
watering livestock.  
 
Discharge 
 
The spring discharge has been measured by the U.S. Geological Survey (USGS) and the 
St. Johns River Water Management District (SJRWMD) over the period 1946–95. 
Discharge measurements prior to 1980 are sporadic. Beginning in 1995, the landowner 
refused to grant either USGS or SJRWMD permission to enter the property. The 
difference between minimum and maximum discharges is 14.2 cubic feet per second 
(cfs) over the period (Table 1). The maximum discharge of 25.0 cfs occurred in 
November 1960; the minimum discharge of 10.8 cfs occurred in September 1993 
(Figure 2). The mean and median discharges are 14.7 cfs and 14.0 cfs, respectively. 
 
Table 1. Summary of discharge of Messant Spring, in cubic feet per second 
 

Minimum Mean Median Maximum Count Period 

10.8 14.7 14.0 25.0 30 1946–95 
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Water Quality 
 
Water quality has been analyzed sporadically from 1960 to 1995. USGS has analyzed 
water quality 15 times, from 1960 to 1995. SJRWMD has analyzed water quality seven 
times, from 1993 to 1995. A summary of the statistical measures of the water quality is 
given in Table 2. 
 
 
 

 
Figure 2. Discharge at Messant Spring, 1946–95, in cubic feet per second (cfs) 
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Table 2. Water quality summary of discharge water at Messant Spring 

Variable Minimum Mean Median Maximum Count Period 

Water temperature, °C 23.0 24.9 25.0 25.7 21 1960–95 
Specific conductivity, field, 
μmhos/cm at 25°C 672 689 692 703 5 1993–95 

Specific conductivity, lab, 
μmhos/cm at 25°C 610 673 675 730 18 1960–95 

pH 7.07 7.57 7.53 8.00 15 1960–95 
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L       

Nitrate + nitrite, total as 
nitrogen, mg/L 0.01 0.01 0.01 0.01 1 1985 

Calcium, dissolved, mg/L 94 100 100 106 12 1960–95 
Calcium, total, mg/L 87 97 100 103 5 1993–95 
Magnesium, dissolved, mg/L 19.0 21.0 21.2 22.2 12 1960–95 
Magnesium, total, mg/L 18.3 20.7 20.4 23.1 5 1993–95 
Sodium, dissolved, mg/L 7 7 7 9 12 1960–95 
Sodium, total, mg/L 6 7 7 7 5 1993–95 
Potassium, dissolved, mg/L 1.00 1.13 1.00 1.60 10 1960–95 
Potassium, total, mg/L 1.00 1.30 1.40 1.50 5 1993–95 
Chloride, total, mg/L 10 12 10 24 12 1960–95 
Sulfate, total, mg/L 196 228 231 241 12 1960–95 
Fluoride, dissolved, mg/L 0.20 0.28 0.30 0.30 8 1960–95 
Fluoride, total, mg/L 0.24 0.25 0.25 0.28 5 1994–95 
Phosphorus, total, mg/L 0.04 0.04 0.04 0.04 1 1985 
Orthophosphate, total as P, 
mg/L 0.03 0.03 0.03 0.03 5 1985–95 

Total dissolved solids, mg/L 424 479 480 503 10 1972–95 
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Blank cells indicate no analysis. 

Water Quality Trends 
 
There are no statistically significant trends for chloride and sulfate. There are not 
enough data to analyze for trends of total and dissolved total nitrogen (NO2 and NO3). 
Figures 3 and 4 show the trend slope and the statistical significance. 
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Figure 4. Sen’s Slope estimation for sulfate at Messant Spring for the 
period 1960–95 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Sen’s Slope estimation for chloride at Messant Spring for the period 
1960–95. There is no statistically significant trend. 
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Age of Discharge Water 
 
The age of water discharging from Messant Spring was determined by measuring the 
concentration of tritium and carbon-14 in the spring discharge in July 1995 (Toth 1999). 
A tritium concentration of 0.2 tritium units was measured, which suggests that the 
water is between 40 and 70 years old. The carbon-14 concentration of 22.60 percent 
modern carbon can result from the reaction of rainfall with calcite, dolomite, and soil 
organic matter. 
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Miami Springs 
 
Location 
 
SE¼NE¼NE¼ sec. 31, T. 20 S., R. 29 E. (lat. 28°42'36" N, long. 81°26'34" W). Miami 
Springs is about 6 miles west of Longwood (Figure 4, Locations of Springs in the 
District). Drive west on State Road 434 for 4 miles from the junction with State Road 
427, turn northwest onto Wekiva Springs Road and go 3.1 miles, turn right on Miami 
Springs Road, then right again on Water Crest Drive. The spring is on your left behind 
the houses starting just before #3772 Water Crest Drive. 
 

Note: Permission must be obtained from the landowner prior to visiting the spring. 
 
Description 
 
Miami Springs is at the base of a pine, hardwood, and palm open-wooded hillside that 
rises southward from the Wekiva River valley. The spring has a semicircular pool about 

 

Figure 1. Looking west at head of Miami Springs. Boil is right of center.  
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30 feet (ft) in diameter and 3 ft deep on the average and is partly enclosed by a wood 
retaining wall about 2 ft high. The pool has a sandy bottom, much of which was 
covered with algae and grass. Discharge is from one submerged tubular vent near the 
west edge of the pool. The vent is about 5 ft in diameter at its top, sloping down toward 
the west and narrowing with depth. Flow from the vent caused a strong boil at the 
surface; the water was clean and clear and had a hydrogen sulfide odor. From the pool, 
water flows about 50 ft east, then 250 ft north, in a run about 35 ft wide, thence through 
a concrete weir 5.5 ft wide and 9 ft long. About 350 ft below the weir, the spring flow is 
impounded by a small concrete dam to form a 90-ft-diameter, sand-bottom swimming 
pond. Discharge from this pond is through a 4-ft-wide weir in the dam to the Wekiva 
River about 200 yards north. 

  
Utilization 
 
The spring is unused; it is surrounded by a housing development. 
 
Discharge 
 
The U.S. Geological Survey and the St. Johns River Water Management District have 
measured the spring discharge over the period 1945 to 2000. Discharge measurements 

 

Figure 2. Miami Springs 
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prior to 1973 are very sporadic. The range of measured discharges is 4.48 cubic feet per 
second (cfs) over the period (Table 1). The maximum discharge of 7.38 cfs occurred in 
October 1960; the minimum discharge of 2.90 cfs occurred August 1977. The mean and 
median discharges are 4.93 and 4.90 cfs, respectively. 
 
Table 1. Summary of discharge of Miami Springs, in cubic feet per second 

Minimum Mean Median Maximum Count Period 

2.90 4.93 4.90 7.38 93 1945–2000 
 
Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 
 

 

Figure 3. Discharge at Miami Springs, 1945–2000, in cubic feet per 
second (cfs) 
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Table 2. Water quality summary of discharge at Miami Springs 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 23.5 24.5 24.4 27.5 53 1960–2000
Specific conductivity, field, 
μmhos/cm at 25oC 254 267 268 282 12 1993–2000
Specific conductivity, lab, 
μmhos/cm at 25oC 184 246 256 275 19 1960–99 
pH 5.80 7.41 7.52 8.20 20 1960–2000
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L       
Nitrate + nitrite, total as nitrogen, 
mg/L 0.01 0.14 0.14 0.37 12 1993–2000
Calcium, dissolved, mg/L 24 30 33 34 6 1960–95 
Calcium, total, mg/L 28 34 34 37 12 1993–2000
Magnesium, dissolved, mg/L 6.3 8.0 8.2 9.0 6 1960–95 
Magnesium, total, mg/L 8.5 9.0 8.9 9.8 12 1993–2000
Sodium, dissolved, mg/L 4 5 6 6 6 1960–95 
Sodium, total, mg/L 5 6 6 7 12 1993–2000
Potassium, dissolved, mg/L 0.60 0.71 0.71 0.80 4 1960–95 
Potassium, total, mg/L 1.00 1.12 1.13 1.40 7 1993–2000
Chloride, total, mg/L 6 10 10 11 16 1960–2000
Sulfate, total, mg/L 3 9 9 17 17 1960–2000
Fluoride, dissolved, mg/L 0.15 0.19 0.20 0.20 5 1960–95 
Fluoride, total, mg/L 0.15 0.16 0.16 0.18 12 1993–2000
Phosphorus, total, mg/L       
Orthophosphate, total as P, mg/L 0.09 0.12 0.12 0.14 11 1995–2000
Total dissolved solids, mg/L 120 143 144 168 13 1972–2000
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Blank cells indicate no analysis. 
 
Water Quality Trends 
 
There are no significant trends in chloride, sulfate, or total nitrogen for the period 1993–
1999. 
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Figure 4. Sen’s Slope estimation for chloride at Miami Springs for 
the period 1993–99. There is no statistically significant trend. 
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Figure 5. Sen’s Slope estimation for total nitrogen (nitrate + nitrite) at 
Miami Springs for the period 1993–99. There is no statistically 
significant trend. 
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Age of Discharge Water 
 
No isotope analyses have been done. 

Figure 6. Sen’s Slope estimation for sulfate at Miami Springs for 
the period 1993–99. There is no statistically significant trend. 
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Palm Springs 
 
Location 
 
SW¼SW¼NW¼ sec. 2, T. 21 S., R. 29 E. (lat. 28°41'27" N, long. 81°23'34" W). Palm 
Springs is about 3 miles west of Longwood (Figure 4, Locations of Springs in the 
District). Starting at I-4, drive west on State Road 434 for 1 mile to Springs Boulevard—
the entrance to The Springs subdivision, a gated community. Go north (right) on 
Springs Boulevard to Woodbridge Road, then east on Woodbridge to the Racquet Club 
at the end (a cul-de-sac). The spring pool is on the north side of the road, about 100 feet 
(ft) off the road. 
 

 
 

 
Figure 1. View of Palm Springs looking toward the outlet. The boil is in the 
lower left corner of the former swimming pool. The outlet is about 10 feet to 
the right of the steps going into the pool. The foot bridge in the background is 
crossing the spring run. The Little Wekiva River is just out of sight beyond 
the foot bridge. 



12/11/02  e no e County 

Description 
 
Palm Springs is in a semitropical setting. The spring basin is about 100 ft long and 50 ft 
wide, with its long dimension oriented north-south. It is enclosed by the collapsing 
remains of a 4-ft-high concrete retaining wall that once formed a swimming pool, 
curved outward on its south end and squared-off on its north end. The site is in an 
overgrown, abandoned condition. The pool was only a few feet deep with much of its 
surface covered by floating vegetation. Spring discharge was from under a rock ledge in 
a circular vent near the southwest edge of the pool. The vent measured about 15 ft in 
diameter at its top and narrows with depth. Flow from the spring orifice caused a 
moderate boil at the surface; the water has a slightly cloudy, bluish-green appearance, 
and a moderate hydrogen sulfide odor. Discharge from the pool was through a 4-ft-
wide weir in the north end and thence northward to the Little Wekiva River. 
  

 
Utilization 
 
Private camping grounds. 
 

 

Figure 2. Palm Springs vent 
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Discharge 
 
The U.S. Geological Survey and the St. Johns River Water Management District have 
measured the spring discharge over the period 1941 to 2000. Discharge measurements 
prior to 1972 are very sporadic. The range of measured discharges is 9.45 cubic feet per 
second (cfs) over the period (Table 1). The maximum discharge of 12.20 cfs occurred in 
October 1960; the minimum discharge of 2.75 cfs occurred September 1981. The mean 
and median discharges are 7.17 and 6.95 cfs, respectively. 
 
Table 1. Summary of discharge of Palm Springs, in cubic feet per second 

Minimum Mean Median Maximum Count Period 

2.75 7.17 6.95 12.20 110 1941–2000 

 
Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 

 

 

Figure 3. Discharge at Palm Springs, 1941–2000, in cubic feet per 
second (cfs) 
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Table 2. Water quality summary of discharge at Palm Springs 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 23.0 24.1 24.0 26.5 75 1956–2000
Specific conductivity, field, 
μmhos/cm at 25oC 313 333 334 354 12 1993–2000
Specific conductivity, lab, 
μmhos/cm at 25oC 221 306 318 354 22 1956–99 
pH 5.90 7.25 7.25 8.40 21 1956–2000
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L       
Nitrate + nitrite, total as nitrogen, 
mg/L 0.49 0.66 0.65 0.92 11 1993–2000
Calcium, dissolved, mg/L 31 36 37 40 8 1956–95 
Calcium, total, mg/L 34 39 40 43 11 1993–2000
Magnesium, dissolved, mg/L 7.8 10.1 9.7 12.0 8 1956–95 
Magnesium, total, mg/L 10.9 11.7 11.6 13.1 11 1993–2000
Sodium, dissolved, mg/L 5 7 7 9 8 1956–95 
Sodium, total, mg/L 8 9 9 12 11 1993–2000
Potassium, dissolved, mg/L 0.40 0.91 1.00 1.50 8 1956–95 
Potassium, total, mg/L 1.00 1.22 1.10 1.76 9 1993–2000
Chloride, total, mg/L 8 14 15 18 17 1956–2000
Sulfate, total, mg/L 12 21 23 26 18 1956–2000
Fluoride, dissolved, mg/L 0.16 0.22 0.20 0.30 7 1956–95 
Fluoride, total, mg/L 0.16 0.17 0.17 0.18 12 1993–2000
Phosphorus, total, mg/L 0.13 0.13 0.13 0.14 3 1972–95 
Orthophosphate, total as P, mg/L 0.10 0.13 0.13 0.18 13 1972–2000
Total dissolved solids, mg/L 130 180 179 213 15 1960–2000
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Blank cells indicate no analysis. 
 
Water Quality Trends 
 
There are no significant trends in chloride, sulfate, or total nitrogen for the period 1993–
99. 
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Figure 4. Sen’s Slope estimation for chloride at Palm Springs for the period 
1993–99. There is no statistically significant trend. 

Figure 5. Sen’s Slope estimation for total nitrogen (nitrate + nitrite) at Palm 
Springs for the period of record. There is no statistically significant trend. 
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Age of Discharge Water 
 
The age of water discharging from Palm Springs was determined by measuring the 
concentration of tritium and carbon-14 in the spring discharge in September 1995 (Toth 
1999). Palm Springs had a tritium concentration of 1.6 tritium units, which suggests that 
the water is less than 42 years old. Palm Springs had a carbon-14 concentration of 42.79 
percent modern carbon, which results from the reaction of rainfall with calcite, 
dolomite, and soil organic matter. The resulting adjusted carbon-14 age is recent (Toth 
and Katz, in preparation). 

Figure 6. Sen’s Slope estimation for sulfate at Palm Springs for the 
period 1993–99. There is no statistically significant trend. 
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Rock Springs 
 
Location 
 
NE¼NE¼NW¼ sec. 15, T. 20 S., R. 28 E. (lat. 28°45'20" N, long. 81°29'58" W). Rock 
Springs is about 6 miles north of Apopka (Figure 4, Locations of Springs in the District). 
Drive north from Apopka on State Road 435 from the junction with U.S. Highway 441 
for 5.9 miles, turn east at the Y junction on a paved road, then drive 0.5 mile to Kelly 
Park parking lot; the springs are to the south.  

 
 
Description 
 
Rock Springs is in a beautiful wooded ravine. In contrast to most large springs in 
peninsular Florida, Rock Springs has no well-defined deep-head pool and the principal 
discharge is from a cavern only partly submerged. The cavern is at the base of a 17-foot-
high limestone bluff. The cavern opening is about 5 feet (ft) in diameter at its mouth. It 

 

Figure 1. Head of Rock Springs 
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tapers horizontally inward to a throat about 3 ft in diameter from which water 
discharges with considerable turbulence to a run about 20 ft wide. Rock ledges jut out 
from the banks of the run for about 100 ft below the cavern opening. About 10 ft 
downstream from the cavern opening, additional water is discharged through a 
submerged opening in the channel bottom with sufficient force to produce a boil at the 
surface. Several hundred feet below the spring, some of the flow is diverted left from 
the spring run to a large swimming area mostly bounded by concrete retaining walls. 
Overflow from the swimming area rejoins the run after passing through a concrete weir 
in the downstream part of the retaining wall. The run then flows along a somewhat 
meandering course, first northward, then east, and finally southeast, a total distance of 
about 8 miles, to the Wekiva River, a tributary to the St. Johns River. 
 

 
 

 

Figure 2. Rock Springs, with head in background 
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Utilization 
 
Rock Springs is within the Dr. Howard A. Kelly County Park. An improved part of the 
spring run is used for swimming and tubing, and the adjacent area contains a 
bathhouse, picnic tables, grills, and group shelters. The area is maintained as a wildlife 
preserve. 
 
Discharge 
 
Table 1. Summary of discharge of Rock Springs (in cubic feet per second) 

Minimum Mean Median Maximum Count Period 

34.1 59.6 59.3 83.2 249 1931–2000 
 

 
 
 

Figure 3. Discharge at Rock Springs, 1931–2000, in cubic feet per 
second (cfs) 
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Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 
 
Table 2. Water quality summary of discharge water at Rock Springs 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 21.5 23.9 23.8 28.5 151 1931–2000
Specific conductivity, field, 
μmhos/cm at 25oC 224 255 255 300 31 1984–2000

Specific conductivity, lab, 
μmhos/cm at 25oC 210 245 248 356 73 1956–99 

pH 6.40 7.50 7.53 8.20 70 1956–2000
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L 1.40 1.40 1.40 1.40 1 1999 

Nitrate + nitrite, total as nitrogen, 
mg/L 1.22 1.52 1.52 1.84 32 1984–2000

Calcium, dissolved, mg/L 24 29 29 35 43 1956–95 
Calcium, total, mg/L 26 30 30 37 27 1992–2000
Magnesium, dissolved, mg/L 7.1 8.7 8.5 11.6 44 1956–95 
Magnesium, total, mg/L 8.0 9.1 9.1 11.0 27 1992–2000
Sodium, dissolved, mg/L 2 5 5 6 44 1956–95 
Sodium, total, mg/L 4 5 5 9 27 1992–2000
Potassium, dissolved, mg/L 0.30 1.00 1.00 2.50 42 1956–95 
Potassium, total, mg/L 1.05 1.38 1.30 1.85 26 1992–2000
Chloride, total, mg/L 5 9 8 24 64 1956–2000
Sulfate, total, mg/L 15 19 18 24 64 1956–2000
Fluoride, dissolved, mg/L 0.00 0.19 0.19 0.30 38 1956–95 
Fluoride, total, mg/L 0.12 0.14 0.15 0.16 23 1994–2000
Phosphorus, total, mg/L 0.08 0.08 0.08 0.08 1 1999 
Orthophosphate, total as P, mg/L 0.06 0.08 0.08 0.09 20 1994–2000
Total dissolved solids, mg/L 118 145 143 289 55 1960–2000
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Water Quality Trends 
 
Statistical trend testing indicated significant trends in chloride, total nitrogen 
(NO3+NO2), and sulfate over the period 1956–2000. For chloride and sulfate, the trends 
are significant at the 99% confidence limit (CL). For total nitrogen, the trends are 
significant at the 95% CL. However, some caution should be applied to the validity of 
trend tests over this period because there are no data for the period 1971–88. While 
there are significant trends for the period 1988–2000 in chloride, total nitrogen, and 
sulfate at the 80% CL, the slopes are so horizontal as to be considered insignificant. 
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Figure 4. Sen’s Slope estimation for chloride at Rock Springs for the 
period of record. The increasing chloride trend is statistically significant 
at the 99% confidence limit. 

Figure 5. Sen’s Slope estimation for total nitrogen (nitrate + nitrite) at Rock 
Springs for the period of record. There is no statistically significant trend. 
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Age of Discharge Water 
 
The age of water discharging from Rock Springs was determined by measuring the 
concentration of tritium, helium-3, and carbon-14 in the spring discharge in June 1995 
(Toth 1999). Rock Springs had a tritium concentration of 3.1 tritium units, which 
suggests that the water is less than 42 years old. The tritium/helium-3 age of the water 
was 19.8 years. Rock Springs had a carbon-14 concentration of 41.25 percent modern 
carbon, which results from the reaction of rainfall with calcite, dolomite, and soil 
organic matter. The resulting adjusted carbon-14 age is recent (Toth and Katz, in 
preparation). 
 
 

 

Figure 6. Sen’s Slope estimation for sulfate at Rock Springs for the period 
of record. The increasing sulfate trend is statistically significant at the 99% 
confidence limit. 
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Sanlando Springs 
 
Location 
 
SE¼NE¼SE¼ sec. 3, T. 21 S., R. 29 E. (lat. 28°41'19" N, long. 81°23'44" W). Sanlando 
Springs is about 3 miles west of Longwood (Figure 4, Locations of Springs in the 
District). Starting at I-4, drive west on State Road 434 for 1 mile to Springs Boulevard—
the entrance to The Springs subdivision, a gated community. Go north (right) on 
Springs Boulevard to Woodbridge Road, then east on Woodbridge to the clubhouse. 
The spring is behind the clubhouse. 
 

 
Description 
 
Sanlando Springs is in a semitropical developed setting on the east bank of the Little 
Wekiva River a short distance south of the Wekiva River valley swamplands and at the 
base of wooded, rolling, sandy hills that rise to the east. The spring pool is circular, 
about 30 feet (ft) in diameter, and enclosed by a stone and concrete retaining wall that 

 

Figure 1. View of Sanlando Springs from the hill above the spring. The spring 
boil is out of sight under the diving platform. 
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extends 3 or 4 ft above the water, except for a wide opening to a large oval-shaped 
pond. 
 
Most of the spring flow appears to discharge from an oblong cavity beneath a limestone 
ledge about 6.5 ft below the water surface. The cavity is 2 to 3 ft high, about 10 ft wide, 
and appears to slope down to the east. 
 
The large pond is about 300 ft long and 150 ft wide, elongated north-south. The spring 
is about midway along its east side. The pond is bordered by a low concrete retaining 
wall except along most of its west side and the opening on its east side to the spring 
pool. The west side is bordered by a narrow white sand beach, ranging from 3 to 6 ft 
deep. 
 
Flow from the pond is westward to the Little Wekiva River through two weirs, one each 
in the retaining wall at the north and south ends of the pond. The water level of the 
spring pool and pond is controlled by stop logs at the weirs.  
  

 
Utilization 
 
This is a private recreation and swimming area for residents of the development 
and is not open to the public. 

Figure 2. Sanlando Springs viewed from the retaining wall above the 
springs. The spring vent is just below the diving platform.
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Discharge 
 
The U.S. Geological Survey and the St. Johns River Water Management District have 
measured the spring discharge over the period 1941 to 2000. Discharge measurements 
prior to 1972 are very sporadic. The range of measured discharges is 27.01 cubic feet per 
second (cfs) over the period (Table 1). The maximum discharge of 36.00 cfs occurred in 
November 1996; the minimum discharge of 8.99 cfs occurred November 2000. The mean 
and median discharges are 19.82 and 19.10 cfs, respectively. 
 
Table 1. Summary of discharge of Sanlando Springs, in cubic feet per second 

Minimum Mean Median Maximum Count Period 

8.99 19.82 19.10 36.00 115 1941–2000 
 
Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 
 

Figure 3. Discharge at Sanlando Springs, 1941–2000, in cubic feet per 
second (cfs) 
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Table 2. Water quality summary of discharge at Sanlando Springs 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 23.0 24.2 24.0 28.5 74 1956–2000
Specific conductivity, field, 
μmhos/cm at 25oC 303 346 346 378 12 1993–2000

Specific conductivity, lab, 
μmhos/cm at 25oC 211 302 303 363 20 1956–97 

pH 5.60 7.15 7.13 8.10 22 1956–2000
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L       
Nitrate + nitrite, total as nitrogen, 
mg/L 0.25 0.59 0.54 1.20 12 1977–2000

Calcium, dissolved, mg/L 27 36 36 43 9 1956–95 
Calcium, total, mg/L 37 41 41 45 11 1993–2000
Magnesium, dissolved, mg/L 7.2 10.0 9.9 12.0 9 1956–95 
Magnesium, total, mg/L 10.9 11.7 11.7 12.8 11 1993–2000
Sodium, dissolved, mg/L 5 8 7 10 9 1956–95 
Sodium, total, mg/L 9 10 10 13 11 1993–2000
Potassium, dissolved, mg/L 0.40 1.27 1.50 1.80 9 1956–95 
Potassium, total, mg/L 1.50 1.71 1.65 2.10 11 1993–2000
Chloride, total, mg/L 9 15 17 19 19 1956–2000
Sulfate, total, mg/L 0 12 12 19 20 1956–2000
Fluoride, dissolved, mg/L 0.10 0.19 0.20 0.30 8 1956–95 
Fluoride, total, mg/L 0.15 0.17 0.16 0.19 12 1993–2000
Phosphorus, total, mg/L 0.15 0.17 0.16 0.21 4 1972–95 
Orthophosphate, total as P, mg/L 0.11 0.17 0.18 0.23 14 1972–2000
Total dissolved solids, mg/L 146 184 188 206 15 1972–2000
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Blank cells indicate no analysis. 
 
Water Quality Trends 
 
There is a significant increasing trend in chloride for the period 1993–99 at the 90% 
confidence limit. There are no significant trends in sulfate and total nitrogen for the 
period 1993–99. 
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Figure 4. Sen’s Slope estimation for chloride at Sanlando Springs 
for the period 1993–99. The increasing chloride trend is statistically 
significant at the 90% confidence limit. 
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Age of Discharge Water 

 

Figure 5. Sen’s Slope estimation for total nitrogen (nitrate + nitrite) at 
Sanlando Springs for the period 1993–99. There is no statistically 
significant trend. 

 

Figure 6. Sen’s Slope estimation for sulfate at Sanlando Springs 
for the period 1993–99. There is no statistically significant trend. 
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The age of water discharging from Sanlando Springs was determined by measuring the 
concentration of tritium and carbon-14 in the spring discharge in September 1995 (Toth 
1999). Sanlando Springs had a tritium concentration of 2.9 tritium units, which suggests 
that the water is less than 42 years old. Sanlando Springs had a carbon-14 concentration 
of 57.01 percent modern carbon, which suggests that the water is modern. The above 
ages indicate that the age of water discharging from Sanlando Springs is young. 
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Seminole Springs 
 
Location 
 
SW¼ sec. 9, T. 19 S., R. 28 E. (lat. 28°50'44" N, long. 81°31'22" W). This group of springs 
is about 4 miles northeast of Sorrento and consists of four separate spring pools (Figure 
4, Locations of Springs in the District). To reach the confluence of the two major spring 
runs, drive east from Sorrento on State Road (SR) 46 for 0.5 mile. Turn left (north) onto 
SR 437 and go 3.1 miles, turn right (east) onto SR 44 and go 1 mile, then turn right 
(south) onto SR 46A for 0.75 mile. Turn left (east) onto a sand road through a gate 
marked Seminole Woods and drive 0.5 mile to the northeast to the spring run (Figure 1) 
(Rosenau et al. 1977). 
 
Note: The spring is located on private land, and permission must be obtained from the 
landowner to visit the spring. 
 

Figure 1. Spring 4 at Seminole Springs 
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Description 
 
Seminole Springs is in a semitropical setting and consists of a group of four principal 
springs distributed down two steep-sided ravines that average about 30 feet (ft) in 
depth. The two ravines converge, one from the southwest and the other from the 
northwest, to form a single east-trending ravine. For convenience of description, the 
separate springs are numbered 1 through 4. Springs 1, 2, and 3 are in the southwest 
ravine. These are numbered from southwest to northeast in downstream order and are, 
respectively, 0.4, 0.3, and 0.25 mile upstream from the junction of the two branching 
ravines. Spring 4 is at the upstream end of the northwest ravine, 0.25 mile from the 
juncture of the ravines. Flow from the springs is northeast or southeast down their 
respective ravines to a final convergence into a single east-flowing stream that forms a 
headwater to Seminole Creek. The combined flow of the springs can be measured in a 
section of the stream about 125 ft below the juncture of the two ravines.  
 
Spring 1 issues from a hole in sand about 3 ft in diameter near the head of the southwest 
ravine. Most of the flow is from this boil. A few small sand boils are present in the 
shallower sand bottom of the run near the point of principal spring discharge. Flow 
from the spring is northeast down the ravine in a shallow, sand-bottom run a few feet 
wide and 2 or 3 inches deep. 
 
Spring 2 issues from a tubular opening in limestone 3 ft in diameter at the head of a 
short reentrant in the steep east side of the ravine about 0.1 mile downstream from 
Spring 1. The spring orifice slopes downward to the north at the north end of a north-
oriented oval pool. The top of the tubular opening was barely below the pool surface 
and near the top of limestone bedrock, overlain by about 30 ft of clayey sand that 
formed a steep slope on the north, east, and south sides of the spring pool. Flow from 
the pool is westward down a short, shallow, sand-bottomed run to join the 
northeastward flow from Spring 1. 
 
Spring 3 is only 60 ft north of Spring 2 and in another short re-entrant in the east side of 
the ravine. A clayey sand ridge about 30 ft high separates the two spring pools. Spring 3 
forms a semicircular pool about 15 ft in diameter bounded on the southwest, south, and 
east by steep clayey sand slopes. Most of the spring discharge appeared to come from 
two nearly horizontal tubular openings 4 ft apart and each about 1 ft in diameter in 
limestone at the south edge of the pool. From the pool, water flows northwestward 
down a short run, then joins the combined northeastward flow of Springs 1 and 2. 
 
Spring 4 is at the head of the north ravine and, like Springs 1 and 2, issues from tubular 
openings in limestone at or near the top of the limestone bedrock. The limestone at this 
site is also overlain by 25 or 30 ft of clayey sand that forms the steep sides of the ravine. 
The spring is a roughly circular pool about 15 ft in diameter with a sand bottom. The 
deepest part of the pool is in its west-central part. Flow from the pool is southeast down 
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a shallow sandy run to join the combined flow of Springs 1, 2, and 3 at the confluence of 
the two ravines (Rosenau et al. 1977). 
 
Note: The spring is located on private land, and permission must be obtained from the 
landowner to visit the spring. 
 
Utilization 
 
The spring is on private land and not open to the public. It is unused except for 
watering livestock.  
 
Discharge 
 
The U.S. Geological Survey (USGS) and the St. Johns River Water Management District 
(SJRWMD) have measured the spring discharge over the period 1931–95. Discharge 
measurements prior to 1981 are sporadic. Beginning in 1995, the landowner refused to 
grant either USGS or SJRWMD permission to enter the property. The difference 
between minimum and maximum discharges is 35.3 cubic feet per second (cfs) over the 
period (Table 1). The maximum discharge of 45.3 cfs occurred in October 1991; the 
minimum discharge of 10.0 cfs occurred in March 1932 (Figure 2). The mean and 
median discharges are 35.3 cfs and 35.7 cfs, respectively. 
 
 
Table 1. Summary of discharge of Seminole Springs, in cubic feet per second 

Minimum Mean Median Maximum Count Period 

10.0 35.3 35.7 45.3 42 1931–95 
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Water Quality 
 
Water quality has been analyzed sporadically from 1960 to 1995. USGS has analyzed 
water quality 15 times, from 1960 to 1995. SJRWMD has analyzed water quality of 
Spring 4 seven times, from 1993 to 1995. A summary of the statistical measures of the 
water quality is given in Table 2. 
 
 
 

 

Figure 2. Discharge at Seminole Springs, 1931–95, in cubic feet per second (cfs)
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Table 2. Water quality summary of discharge water at Seminole Springs 

Variable Minimum Mean Median Maximum Count Period 

Water temperature, °C 23.4 24.5 24.5 26.6 23 1972–95 
Specific conductivity, field, 
μmhos/cm at 25°C 425 451 454 473 7 1992–95 

Specific conductivity, lab, 
μmhos/cm at 25°C 298 397 415 473 19 1972–95 

pH 6.99 7.72 7.72 8.30 16 1972–95 
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L 1.41 1.41 1.41 1.41 1 1995 

Nitrate + nitrite, total as 
nitrogen, mg/L 1.17 1.37 1.39 1.57 8 1992–95 

Calcium, dissolved, mg/L 36 55 58 63 13 1972–95 
Calcium, total, mg/L 49 55 56 58 8 1992–95 
Magnesium, dissolved, mg/L 11.0 13.1 13.6 14.9 13 1972–95 
Magnesium, total, mg/L 11.5 13.1 13.6 14.4 7 1992–95 
Sodium, dissolved, mg/L 5 5 5 6 13 1972–95 
Sodium, total, mg/L 4 5 5 5 8 1992–95 
Potassium, dissolved, mg/L 0.60 1.03 0.95 1.60 8 1972–95 
Potassium, total, mg/L 1.00 1.23 1.20 1.50 4 1993–95 
Chloride, total, mg/L 6 9 8 19 13 1972–95 
Sulfate, total, mg/L 54 105 116 128 13 1972–95 
Fluoride, dissolved, mg/L 0.17 0.20 0.20 0.27 9 1972–95 
Fluoride, total, mg/L 0.16 0.18 0.18 0.21 5 1994–95 
Phosphorus, total, mg/L 0.08 0.08 0.08 0.08 1 1995 
Orthophosphate, total as P, 
mg/L 0.05 0.05 0.05 0.06 4 1994–95 

Total dissolved solids, mg/L 192 257 275 294 11 1972–95 
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Water Quality Trends 
 
While there is a statistically significant trend for chloride over the period 1972–95, there 
are only two data points prior to 1992 (Figure 3). There is no statistically significant 
trend for chloride over the period 1992–95. There are only eight data points for total and 
dissolved total nitrogen (NO2 and NO3)—not enough data to analyze for trend 
(Figure 4). There is no statistically significant trend for sulfate for the period 1972–95 
(Figure 5). There is a statistically significant negative (downward) sulfate trend at the 
80% confidence limit for the period 1992–95. 
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Figure 3. Sen’s Slope estimation for chloride at Seminole Springs for the period 
1972–95. There is a statistically significant trend for this period. 

Figure 4. Sen’s Slope estimation for total nitrogen (nitrate plus nitrite) at 
Seminole Springs for the period 1992–95. There is no statistically significant 
trend for this period. Note: There are only eight data points. 
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Age of Discharge Water 
 
The age of water discharging from Seminole Springs was determined by measuring the 
concentration of tritium and carbon-14 in the spring discharge in July 1995 (Toth 1999). 
A tritium concentration of 2.5 tritium units was measured, which suggests that the 
water is less than 42 years old. The carbon-14 concentration of 26.33 percent modern 
carbon can result from the reaction of rainfall with calcite, dolomite, and soil organic 
matter. 
 

Figure 5. Sen’s Slope estimation for sulfate at Seminole Springs for the period 
1972–95. There is no statistically significant trend for this period. There is a 
statistically significant negative (downward) trend for the period 1992–95 at the 
80% confidence limit. 
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Starbuck Spring 
 
Location 
 
NE¼NW¼NW¼ sec. 2, T. 21 S., R. 29 E. (lat. 28°41'48" N, long. 81°28'28" W). Starbuck 
Spring (formerly Sheppard Spring) is about 3 miles west of Longwood (Figure 4, 
Locations of Springs in the District). Starting at I-4, drive west on State Road 434 for 
1 mile to Springs Boulevard—the entrance to The Springs subdivision, a gated 
community. Go north (right) on Springs Boulevard to Redbay Road, then east on 
Redbay Road ±0.3 mile to a dirt road. Go south on the dirt road approximately 1,300 
feet to the spring. 
 
Note: Permission must be obtained from the owner to visit the spring. 

 

 

Figure 1. Starbuck Spring, viewed from the northwest, showing the dam 
outlet to the left and a boil in the center of the pool 
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Description 
 
Starbuck Spring is at the base of an open-wooded hillside that rises to the west. Lawns 
around the spring are bordered by thick semitropical growth. The spring is on the west 
bank of the Little Wekiva River. The land around the pool has been built up 2 or 3 feet 
with earth fill, and the pool is enclosed by a low retaining wall made of concrete stacked 
and hardened in the sack. The spring has a circular pool about 70 feet in diameter. 
There is a prominent boil at the surface in the north-central part of the pool. Water 
apparently enters the pool from a single rock orifice several feet below the water 
surface. The spring pool appears to be about 4 feet deep but several feet deeper beneath 
the boil. Flow from the pool is east through eight 6-inch-diameter terra-cotta pipes that 
extend through the retaining wall or dam at the east edge of the pool. The level of the 
spring pool may be partly controlled by regulating flow through the pipes. 

  
Utilization 
 
The spring is privately owned and has been developed for private recreation. The 
spring is also used as a source of drinking water. 
 

 

Figure 2. Starbuck Spring 
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Discharge 
 
The U.S. Geological Survey and the St. Johns River Water Management District have 
measured the spring discharge over the period 1944 to 2000. Discharge measurements 
prior to 1972 are very sporadic. The range of measured discharges is 13.12 cubic feet per 
second (cfs) over the period (Table 1). The maximum discharge of 21.40 cfs occurred in 
October 1960; the minimum discharge of 8.28 cfs occurred May 2000. The mean and 
median discharges are 14.50 and 14.50 cfs, respectively. 
 
Table 1. Summary of discharge of Starbuck Spring, in cubic feet per second 

Minimum Mean Median Maximum Count Period 

8.28 14.50 14.50 21.40 109 1944–2000 

 
Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 

 
 

Figure 3. Discharge at Starbuck Spring, 1944–2000, in cubic feet per 
second (cfs) 
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Table 2. Water quality summary of discharge at Starbuck Spring 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 23.0 24.2 24.0 26.5 71 1944–2000
Specific conductivity, field, 
μmhos/cm at 25oC 333 356 357 380 12 1993–2000

Specific conductivity, lab, 
μmhos/cm at 25oC 257 324 331 376 17 1960–97 

pH 6.40 7.31 7.30 8.00 21 1960–2000
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L 0.46 0.46 0.46 0.46 1 1995 

Nitrate + nitrite, total as nitrogen, 
mg/L 0.30 0.45 0.42 0.65 12 1993–2000

Calcium, dissolved, mg/L 32 38 40 44 7 1960–95 
Calcium, total, mg/L 35 40 40 44 11 1993–2000
Magnesium, dissolved, mg/L 9.2 10.5 11.0 12.0 7 1960–95 
Magnesium, total, mg/L 10.7 11.6 11.6 12.6 11 1993–2000
Sodium, dissolved, mg/L 7 10 11 12 7 1960–95 
Sodium, total, mg/L 11 12 12 13 11 1993–2000
Potassium, dissolved, mg/L 0.50 1.10 1.30 1.50 7 1960–95 
Potassium, total, mg/L 1.18 1.44 1.40 1.90 11 1993–2000
Chloride, total, mg/L 12 18 20 21 18 1944–2000
Sulfate, total, mg/L 12 22 23 28 19 1944–2000
Fluoride, dissolved, mg/L 0.18 0.25 0.25 0.30 6 1960–95 
Fluoride, total, mg/L 0.17 0.19 0.19 0.20 12 1993–2000
Phosphorus, total, mg/L 0.14 0.16 0.16 0.17 3 1972–95 
Orthophosphate, total as P, mg/L 0.14 0.16 0.16 0.19 13 1972–2000
Total dissolved solids, mg/L 148 188 192 213 15 1960–2000
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Water Quality Trends 
 
There are no significant trends in chloride, sulfate, or total nitrogen for the period 1993–
99. 
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Figure 4. Sen’s Slope estimation for chloride at Starbuck Spring 
for the period 1993–99. There is no statistically significant trend. 

Figure 5. Sen’s Slope estimation for total nitrogen (nitrate + nitrite) 
at Starbuck Spring for the period 1993–99. There is no statistically 
significant trend. 
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Age of Discharge Water 
 
The age of water discharging from Starbuck Spring was determined by measuring the 
concentration of tritium and carbon-14 in the spring discharge in September 1995 (Toth 
1999). Starbuck Spring had a tritium concentration of 2.4 tritium units, which suggests 
that the water is less than 42 years old. Starbuck Spring had a carbon-14 concentration 
of 45.82 percent modern carbon, which results from the reaction of rainfall with calcite, 
dolomite, and soil organic matter. The adjusted carbon-14 age is recent (Toth and Katz, 
in preparation). 
 

Figure 6. Sen’s Slope estimation for sulfate at Starbuck Spring for 
the period 1993–99. There is no statistically significant trend. 
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Figure 1. Sulphur Spring pool. The spring boil is in the white sand on the right 
side of the picture.

Sulphur Spring 
 
Location 
 
SE¼NE¼NE¼ sec. 9, T. 20 S., R. 28 E. (lat. 28°46'34" N, long. 81°30'10" W). Sulphur 
Spring (formerly known as Camp Spring) is located off State Road 435, 6 miles north of 
Apopka, 0.3 mile north of Rock Springs Road, and 0.3 mile west of Baptist Camp Road 
(Figure 4, Locations of Springs in the District). 

 
Description 
 
Sulfur Spring is in a semitropical setting on the western edge of the Wekiva State Park. 
It has an oval pool about 40 x 20 feet in diameter and is less than 3 feet deep where it 
can be observed from the bank. The bottom of the pool is visible and is covered with 
organic debris, except at the spring boil. The water is clean and clear, with a strong 
sulfur odor. The sand boil is about 5 feet across. 
 
According to old-timers, the spring used to flow a great deal more. Several sources have 
indicated that a previous landowner apparently got tired of people trespassing onto his 
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Figure 2. Sand boil at Sulphur Spring 

property to swim in Sulphur Springs. As a result of the trespassing, he tried to fill in or 
plug the spring with bags of cement or some similar material (Gregg Walker, FDEP, 
personal communication 2002). Currently, a portion of the western side of the spring 
pool shows signs of excavation, and access to that side was not possible due to thick 
vegetation. The Wekiwa State Park is starting a restoration project in an attempt to 
remove any man-made debris from the spring pool. 
 

 
 

Discharge 
 
No discharge measurements have been made. 
 
Water Quality 
 
No additional water quality data are available. 
 
Water Quality Trends 
 
There are not enough water quality data for trend analysis. 
 
Age of Discharge Water 
 
No isotope analyses have been done. 
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Wekiwa Springs 
 
Location 
 
NE¼NE¼NE¼ sec. 36, T. 20 S., R. 23 E. (lat. 28°42'43" N, long. 81°27'36" W). Wekiwa 
Springs is 4.75 miles northeast of Apopka (Figure 4, Locations of Springs in the District). 
Drive 1.8 miles east on State Road 436 from its junction with U.S. Highway 441, east 
side of Apopka. Turn north onto a paved road and continue 2.9 miles to the entrance to 
Wekiwa Springs State Park. Go north, then east on the park road 0.25 mile to the 
parking lot; the spring is just to the north.  

 
 

 

Figure 1. View of Wekiwa Springs 
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Description 
 
Wekiwa Springs is in a semitropical forest setting at the base of a northeast-sloping, 
grassy, open-wooded hillside. The springs form the headwater of the Wekiva River, a 
tributary to the St. Johns River. The spring pool is kidney-shaped, about 200 feet (ft) 
long and 100 ft wide, elongated southeast. From the spring pool, water flows 
northeastward in a run 60 ft wide that also is bordered by semitropical forest. A 
retaining wall, 2–3 ft high, encloses the pool and extends a short distance down the run. 
A footbridge crosses the run just below the pool. On May 9, 1946, the spring was 
described (Ferguson et al. 1947) as discharging from five horizontal caverns 14.7 ft 
below water surface. At present, two areas of discharge can be observed as surface boils 
in the southeast half of the pool and near the edge. The strongest boil was the more 
westerly and over a large irregular-shaped vent in the limestone bottom. The vent was 
estimated to be about 5 ft wide and 15 ft below the surface. The other boil was above a 
rock ledge in the extreme southeast edge of the pool. Except for the rock bottom in the 
southeast part of the pool, the pool bottom was mostly sand. Parts of the pool bottom 
were grassy.  
 

 
 

 

Figure 2. View of the strongest Wekiwa Springs boil 
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Utilization 
 
Wekiwa Springs is part of Wekiwa Springs State Park. The area provides camping, 
picnicking, swimming, fishing, boating, nature trails, and abundant wildlife. 
 
Discharge 
 
Table 1. Summary of discharge of Wekiwa Springs (in cubic feet per second) 

Minimum Mean Median Maximum Count Period 

29.36 68.51 68.00 92.00 239 1932–2000 
 
 

 

Figure 3. Discharge at Wekiwa Springs, 1932–2000, in cubic feet per second (cfs)
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Water Quality 
 
A summary of the statistical measures of the water quality is given in Table 2. 
 
Table 2. Water quality summary of discharge water at Wekiwa Springs 

Variable Minimum Mean Median Maximum Count Period 
Water temperature, oC 22.0 23.7 23.6 25.5 142 1956–2000
Specific conductivity, field, 
μmhos/cm at 25oC 252 314 316 398 35 1984–2000

Specific conductivity, lab, 
μmhos/cm at 25oC 192 279 277 341 74 1956–99 

pH 6.50 7.36 7.34 8.22 67 1956–2000
Nitrate + nitrite, dissolved, as 
nitrogen, mg/L 1.30 1.62 1.62 1.94 2 1995–99 

Nitrate + nitrite, total as nitrogen, 
mg/L 0.63 1.56 1.56 2.00 33 1977–2000

Calcium, dissolved, mg/L 19 33 33 40 42 1956–95 
Calcium, total, mg/L 26 36 37 40 27 1992–2000
Magnesium, dissolved, mg/L 8.1 9.8 9.8 12.3 43 1956–95 
Magnesium, total, mg/L 7.7 10.5 10.6 11.8 27 1992–2000
Sodium, dissolved, mg/L 3 7 7 10 42 1956–95 
Sodium, total, mg/L 5 8 9 10 27 1992–2000
Potassium, dissolved, mg/L 0.40 1.30 1.30 3.10 41 1956–95 
Potassium, total, mg/L 1.30 1.57 1.51 2.00 27 1992–2000
Chloride, total, mg/L 7 13 13 27 63 1956–2000
Sulfate, total, mg/L 6 16 17 21 63 1956–2000
Fluoride, dissolved, mg/L 0.10 0.20 0.16 0.40 35 1956–95 
Fluoride, total, mg/L 0.12 0.15 0.15 0.21 24 1994–2000
Phosphorus, total, mg/L 0.10 0.59 0.12 2.04 4 1972–99 
Orthophosphate, total as P, mg/L 0.09 0.11 0.12 0.14 23 1972–2000
Total dissolved solids, mg/L 101 164 166 203 55 1959–2000
 

Note: μmhos/cm  = micromhos per centimeter 
 mg/L  = milligrams per liter 
 
Water Quality Trends 
 
Statistical trend testing indicated significant trends in chloride and sulfate over the 
period 1956–2000 at the 99% confidence limit (CL). There is no significant trend in total 
nitrogen (NO3+NO2). However, some caution should be applied to the validity of trend 
tests over this period because there are few data points before 1984. There is a 
significant downward trend at the 99% CL for the period 1988–2000 in total nitrogen. 
While there are significant downward trends for the period 1988–2000 in chloride and 
sulfate at the 80% CL, the slopes are so horizontal as to be considered insignificant. 
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Figure 4. Sen’s Slope estimation for chloride at Wekiwa Springs for the 
period of record. The increasing chloride trend is statistically significant 
at the 99% confidence limit. 
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Figure 5. Sen’s Slope estimation for total nitrogen (nitrate + nitrite) at 
Wekiwa Springs for the period 1988–2000. The decreasing trend is 
significant at the 99% confidence limit. 
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Age of Discharge Water 
 
The age of water discharging from Wekiwa Springs was determined by measuring the 
concentration of tritium, helium-3, and carbon-14 in the spring discharge in April 1995 
(Toth 1999). Wekiwa Springs had a tritium concentration of 3.0 tritium units, which 
suggests that the water is less than 42 years old. The tritium/helium-3 age of the water 
was 17.1 years. Wekiwa Springs had a carbon-14 concentration of 50.04 percent modern 
carbon, which suggests that the water is modern. The three ages indicate that the water 
discharging from Wekiwa Springs has a young age. 

Figure 6. Sen’s Slope estimation for sulfate at Wekiwa Springs for the 
period of record. The increasing sulfate trend is statistically significant 
at the 99% confidence limit. 



 

Appendix B. Comments on Wekiva and Rock Springs MFLs. Letter addressed to Hans 
Tanzler, Executive Director, St. Johns River WMD. Dated August 1, 2012. From Sister 
Patricia Siemen and Robert Williams, Center for Earth Jurisprudence. 

  





















































































































 

Appendix C. Comments on Draft BMAP for Wekiva River, Rock Springs Run, and Little 
Wekiva Canal. Letter addressed to Kenneth Kuhl, Florida Department of Environmental 
Protection. From Sister Patricia Siemen and Robert Williams, Center for Earth 
Jurisprudence. May 7, 2013. 
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