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Executive Summary
The Santa Fe River, located in the Springs Heartland, is the discharge point for at least 36
named artesian springs (Figure 1). As a natural resource and attraction, these springs are
pivotal for the economic and environmental health of a seven-county area populated by
over 700,000 residents. The springs provide a local economic engine, and clear and pure
groundwater is the fuel that powers that engine. The Santa Fe River Springs Working
Group was organized in 2002 to help educate the public and local stakeholders about the
serious signs of degradation increasingly observed in these springs.
The Santa Fe River Springs Working Group, organized in 2002, has been very successful
at raising awareness of the threats affecting the Santa Fe River and springs. This
knowledge is helping the public understand the issues and consequences related to the
continuing decline of these springs and the Floridan aquifer system upon which they
depend for clean and abundant water. Many of the stakeholders involved in this
education process believe it is critical to initiate private and public actions needed to
turn this decline around and to restore these springs to their historic condition. A group
of these stakeholders gathered to form a subcommittee under the Working Group in
June 2011 to develop the Santa Fe Springs Restoration Plan. The Santa Fe Springs
Restoration Plan is based on the best available science and outlines a path forward to
achieve recovery of the natural functions of these springs. This Santa Fe Springs
Restoration Plan is meant to provide a foundation and preliminary blueprint for
immediate and continuing actions needed to achieve this goal.
This Santa Fe Springs Restoration Plan describes the following principal findings:


The Santa Fe River and its associated springs are important to the economy of at
least seven counties in north central Florida with an estimated average annual
direct economic value of over $20 million;



The Santa Fe River and its associated springs are a significant natural resource of
importance for their ecosystem services and maintenance of habitat for fish and
wildlife;



Average flows in the Lower Santa Fe River and in its springs have declined
significantly over the period-of-record. Declines over the last several decades
(since the 1970s) appear to be driven at least in part by a multi-year drought.
Increasing consumptive uses of groundwater throughout north Florida and
south Georgia also contribute to declines in spring flows. Future increases in
groundwater use are likely to further impact spring and river flows. Such uses
include (but are not limited to): public supply, agriculture, public self supply,
mining, recreation and other uses;



While spring and river flows vary in response to normal variation in rainfall
totals, less than half of the flow declines documented in the Santa Fe springs and
river appear to be due to reduced precipitation and more than half appear to be
the result of human activities, including increased groundwater withdrawals,
increasing impervious areas that prevent recharge, and surface water drainage
alterations;
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It is critical that a better understanding of the impacts of pumping and other
man-made factors on spring flows and water levels be developed so that steps
can be taken to avoid future impacts and to reverse any current unacceptable
impacts due to man-made causes. Additional data and studies are needed to
develop this understanding. In the meantime it is essential to reduce the overall
rate of groundwater utilization until a safe yield that protects the natural
resources of the Santa Fe springs can be quantified. This reduction will require
increased water conservation and reuse as well as a regional cost vs. benefit
analysis for any new Consumptive Use Permits;



Groundwater feeding the Santa Fe Springs is contaminated by nitrate nitrogen
derived principally from human activities. Dominant sources of this nitrate
include synthetic fertilizers, human and animal waste disposal practices, and
increased nutrient loads to the groundwater from various agricultural,
commercial, and urban land uses. Observed nitrate concentrations in the Santa
Fe Springs and in the Santa Fe River are above levels considered by the State of
Florida to cause nutrient impairment. Increased populations of filamentous algae
and loss of natural plant communities provide visible evidence of this
impairment;



Nitrogen loads resulting from human activities in the Santa Fe springshed will
need to be reduced by at least 50% to meet the proposed nitrate water quality
criterion of 0.35 mg/L. The largest source of nitrogen in the Santa Fe springshed
appears to be agricultural fertilizer use, followed by urban fertilizer use, and
septic tank and domestic animal nitrogen loads. Even full-implementation of
agricultural and urban Best Management Practices (BMPs) for crop and
landscape fertilization are not likely to achieve the nitrate reduction goal. The
most immediate solution for reducing nitrate concentrations in the Santa Fe
springs and river is to reduce the overall use of nitrogen fertilizer in the most
vulnerable portions of the springshed. A variety of incentives and regulatory
controls should be considered to achieve this goal.

An increased awareness by the public and their local, state, and federal leaders will be
necessary to provide restoration of the Santa Fe River Springs. A phased plan to cut back
on consumptive uses of groundwater within and outside of the Santa Fe Springshed as
well as restoration of natural drainage and water storage patterns in wetlands and
streams will be needed to restore spring and river flows. Wide-spread fertilization and
conventional wastewater disposal practices will need to be updated using more efficient
technologies to reduce the load of nitrate nitrogen leaching into the underlying aquifer.
These changes will require a regionally significant undertaking, including effective
collaboration and public and private expenditures. While additional scientific study and
analysis is important to justify and implement the most disruptive and costly projects,
there are many actions that can be taken immediately that will help to limit the
increasing scope of these problems and begin to turn around the deteriorating water
quantity and quality trends visible in these springs.
Specific recommendations to implement water quantity and quality restoration actions
will be developed and summarized in a Restoration Action Plan by the Santa Fe Springs
Restoration subcommittee following finalization of this report. Implementation of these
HOWARD T. ODUM FLORIDA SPRINGS INSTITUTE
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recommendations may require significant will-power and changes to “business as
usual”. They will likely require a shift from focusing on our needs in the short-term and
taking a longer-view for conservation and protection of clean and abundant
groundwater, which is arguably one of the most important natural resources in north
Florida. Currently, our groundwater is neither clean nor abundant. As evidenced so
clearly by the condition of our springs, our groundwater resources are on a declining
trajectory. Fortunately groundwater is a renewable resource in north central Florida.
Hope for the future health for the Santa Fe River Springs is in our hands.
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FIGURE 1

A map showing the springs and swallets of the upper segment of the Lower Santa Fe River. This map covers the area from the Santa Fe River rise east of US 441 to the
confluence with Cow Creek downstream of US 47 south of Fort White. A total of 44 springs, estavelles, siphons, and swallets are shown along this segment of the Santa Fe River.
Source: ACEPD 2007
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Introduction - Need for a Blue Revolution
Florida is the land of magic creations and natural wonders. From the Florida Keys to the
Pensacola beaches, tourism is the largest economic driver in the state. The Magic
Kingdom, Sea World, MGM Studios, and other human creations attract many tourists to
Florida; while the beaches may be the most famous “natural” attraction for tourists
visiting the state. But most Floridians know about a well-kept secret – the states 900+
artesian springs. Tourists go to the beaches and/or Disney, but Florida locals and a
growing number of savvy travelers from other states and around the world, go to the
springs. When 1,169 Gainesville Sun readers were recently polled to determine what
they consider to be “Florida’s greatest natural wonder”, their local bias was clear with
34% answering “springs and rivers”, higher than “beaches” (26%), “the Everglades”
(23%), “the Keys” (7%), “coral reefs” 6%, and “caves” and “National Forests” at 2% each
(Gainesville Sun November 14, 2011).
Local residents flock to the springs along the Santa Fe River on weekends throughout
the long hot and humid summer months. Tubers ride the refreshing current resulting
from the springs’ perpetual flows. Fishermen spy their wary prey in the transparent
spring runs and rivers. Cave divers from throughout the world know more about the
black ether of the Floridan aquifer than most of the Floridians who live in the lighted
world above. Kayaking and canoeing have become the preferred pastime for thousands
of Floridians and ecotourists attracted to Florida’s wild rivers and fascinating springs.
Springs are one of the most important economic engines in north Florida, and pure and
abundant water is the fuel that makes those engines run.
Yet, in spite of their recognized importance to the residents and economy of north
Florida, springs and their lifeblood are being diminished by a wide range of human
activities. In an effort to build public awareness of these issues, this report summarizes
the evidence of springs decline and provides details concerning the types of activities
that are causing these negative changes. Careless and wasteful practices by the residents
of north Florida are at the root of these changes in springs’ health. Groundwater brings
life to both the people of Florida and their natural environment. A “Blue Revolution” is
needed to create a public ethic throughout north Florida to treat water as the valuable
resource it is and to prevent its wanton waste and pollution (Barnett 2011). One of the
first steps in this “revolution” of thought is an understanding of what is causing the
problems and what solutions exist for reducing our impacts. The specific types of
actions that will be needed to reverse these trends are outlined in this report and
detailed in a companion document titled: The Santa Fe Springs Restoration Action Plan. As
you read this report, please think about how you can embark on a path that has the
potential to return our precious springs to their pristine condition.
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Character of the Basin - A Karst Environment
Geography, Physiography, and Geology
The Santa Fe River in north-central Florida is a second-order tributary to the Suwannee
River (Figure 2). The Santa Fe River is naturally divided into two primary sections.
These sections include the Upper Santa Fe River, extending from its headwaters in Lake
Santa Fe and the Santa Fe Swamp north of Melrose, downstream to the Santa Fe River
Sink at O’Leno State Park north of Ft. White; and the Lower Santa Fe River extending
from the River Rise north of High Springs to its confluence with the Suwannee River
south of Branford.
The Upper Santa Fe River is distinctly different from the Lower Santa Fe River due to
contrasting environmental conditions. The watershed of the Upper Santa Fe is
dominated by wet to dry pine flatwoods and is underlain by up to 100 feet (Hunn and
Slack 1983) of the Hawthorn Group Intermediate Aquifer and Confining System
comprised of sands, silts, clays and carbonates with low permeability, which serve to
confine the Floridan aquifer system. The Lower Santa Fe River is dominated by surficial
karst geology, very little confinement of the underlying Floridan aquifer system, and
generally more xeric plant communities historically dominated by longleaf pine and
wiregrass. Limited areas of naturally poor drainage (wetlands) also occur in this western
portion of the watershed (most notably the Waccasassa Flats) and floodplain forests
along the river are dominated by hydrophytic (wetland) vegetation.
The springshed includes portions of nine physiographic provinces. The most important
of these in relation to the lower Santa Fe River springs are the Gulf Coastal Lowlands,
Bell Ridge and the associated Waccasassa Flats, High Springs Gap, Brooksville Ridge,
Western Valley (the Newberry Limestone Plain), and the Northern Highlands
(Upchurch et al. 2008; Williams et al. 1977; White 1970). The High Springs Gap is a low,
gap between the Brooksville Ridge and the Northern Highlands where the Santa Fe
River flows. The Brooksville Ridge is comprised of sandy sediments that form a
topographic high and is an area of high aquifer recharge (Upchurch et al. 2009). The
Western Valley is a low valley that trends north to south through western Alachua and
eastern Gilchrist counties between the Brooksville Ridge and Northern Highlands.
Sinkholes are common in karst plain with a veneer of sandy soils overlying the
limestone. See: Springshed of the Santa Fe River (Upchurch et al. 2009) for a detailed
discussion of the physiography and hydrogeology of the springshed.
The Cody Scarp (escarpment), a northwest-southeast treading physiographic feature of
relatively high relief, is present due to differential erosion of the Hawthorn Group that
can be seen in proximity to I-75 in Alachua County (Upchurch, 2007). The Cody Scarp is
the transitional zone where the Floridan aquifer system changes from confined or semiconfined to unconfined and it also divides these two segments of the Santa Fe River
(Figure 3). The area to the east of the Cody Scarp is called the Northern Highlands while
the area west of the Cody Scarp is called the Gulf Coastal Lowlands and includes the
High Springs Gap and Western Valley (Newberry Limestone Plain). Land elevations
east of the Cody Scarp range from about 100 to 200 ft above mean sea level, while areas
to the west of the Cody Scarp are typically less than 100 feet above mean sea level.
HOWARD T. ODUM FLORIDA SPRINGS INSTITUTE
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The entire watershed of the Santa Fe River is underlain by limestone formations that
comprise the Floridan aquifer or aquifer system. The entire flow of the Upper Santa Fe
River goes underground at River Sink, a sinkhole located in O’Leno State Park, and
travels approximately three miles underground before a portion of the water mixed with
groundwater returns to the surface at Santa Fe River Rise in River Rise State Preserve.
Significant artesian groundwater inflows join the Santa Fe River at the River Rise above
the US 441 bridge north of High Springs. The Lower Santa Fe River is fed by the flow of
at least 36 different named springs contributing additional groundwater from the
Floridan aquifer.
The entire Santa Fe River Basin is underlain by limestones and other carbonate rocks
(Table 1). In the upper portion of the basin the Pleistocene to recent undifferentiated
sands and Hawthorn Group sediments dominate the character of the watershed.
Downstream of the Cody Scarp karst features are more prevalent and dominate the
landscape. The Eocene Ocala Limestone is the primary source of water for the springs
on the Santa Fe River.
Table 1. Generalized lithostratigraphic column and aquifer systems on the Santa
Fe/Suwannee River Basin (from Upchurch et al. 2009).
Lithostratigraphic Nomenclature

Hydrostratigraphic
Nomenclature

System

Series

Formation/Group

Aquifer System

Quaternary

Holocene (Recent)

Undifferentiated
Sand

Surficial Aquifer

Pleistocene
Tertiary

Pliocene

Undifferentiated
Sand

Miocene

Hawthorn Group
St. Marks’s
Formation

Oligocene

Suwannee
Limestone

Eocene

Ocala Limestone
Avon Park
Limestone

Paleocene

HOWARD T. ODUM FLORIDA SPRINGS INSTITUTE

Intermediate
Aquifer and
Confining Unit
Upper Floridan
Aquifer

Oldsmar Limestone

Mid-Floridan
Confining Unit

Cedar Keys
Formation

Lower Floridan
Aquifer
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FIGURE 2

Map of the boundary of the Suwannee River Water Management District illustrating the geographical location of the
Santa Fe and Suwannee Rivers in north central Florida. The Santa Fe River is the largest tributary of the Suwannee
River in terms of mean discharge and watershed area. The Santa Fe River provides the political boundary between
Alachua, Bradford, Union, Columbia, and Gilchrist counties. Source SRWMD 2011.
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FIGURE 3

General topography in the vicinity of the Santa Fe River in north central Florida. Within the relevant springshed for the
springs described in this document the ground elevation ranges from about 50 to 100 feet above mean sea level. The
springshed includes all or parts of the following municipal areas: Gainesville, Alachua, Keystone Heights, High Springs,
Newberry, Archer, Bronson, and Lake Butler. The springshed is crisscrossed by the following four-lane highways: I-75,
US 441, US 301, and SR 26. The Cody Escarpment in Columbia and Alachua counties generally follows I-75.

Surface Watershed
The contributing surface watershed for the entire Santa Fe River covers approximately
1,384 square miles and includes portions of Alachua, Baker, Bradford, Clay, Columbia,
Gilchrist, Putnam, Suwannee, and Union counties (Hunn and Slack 1983). Figure 4
provides a map of the delineation of the Santa Fe River surface watershed and its
subbasins. Based on the 84-year period-of-record, the approximate annual average flow
of the Santa Fe River above its confluence with the Ichetucknee River (USGS gauge
2322500 at US 47) is about 1,500 cfs (approximately 1 billion gallons per day). Combined
with the long-term average flow of the Ichetucknee River (355 cfs) this makes the Santa
Fe River the fifth largest tributary in Florida.
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FIGURE 4

Overlay of the Santa Fe River surface watershed subbasins and the 2008 Santa Fe Springshed basin boundary. The
surface watershed of the Santa Fe River includes approximately 1,400 square miles. The existing Santa Fe
Springshed basin includes about 1,100 square miles and extends into the surface watersheds of the St. Johns River,
Ocklawaha River, the Waccasassa River, and the Suwannee River.

Principal tributaries to the Santa Fe River from upstream (east) to downstream (west)
include the New River, Olustee Creek, Cow Creek, and the Ichetucknee River. At least
36 named artesian springs also feed groundwater into the Santa Fe River west of the
Cody Scarp. Numerous direct connections between the Santa Fe River and the
underlying Floridan aquifer occur west of the Cody Scarp as swallets, , rises, and
estavelles, which line the Lower Santa Fe River as it flows through the karst portion of
its basin. A swallet or swallow hole is a place where water disappears underground in a
limestone region (Field 1999). A rise or resurgence is the re-emergence of groundwater
through a karst feature, a part or all of whose waters are derived from surface water
inflow into a swallow hole (modified from Field 1999). Estavelles are springs that
reverse flow because of relative changes in the elevation of the groundwater potentials
and stream stage (SDII Global Corp. 2002). The presence of these karst features
throughout the Lower Santa Fe River area emphasizes the interdependence of surface
and ground water.
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Springshed and Hydrogeology
The Lower Santa Fe River, starting at the River Rise, is predominantly a spring-fed
stream with most of its baseflow originating from groundwater discharge of the
Floridan aquifer system at springs. However, surface water associated with rainfall
events contributes dark-colored (tannic) water to the Santa Fe River. Surface water flow
periodically overwhelms the spring-fed baseflow so that the entire Lower Santa Fe River
becomes a dark water or tannic river following periods of elevated precipitation.
For the purpose of this report the Lower Santa Fe River is subdivided into two segments
located above and below the US 47 bridge, south of Ft. White. The upper segment of the
Lower Santa Fe River starts at the River Rise and ends at US 47. The lower segment of
the Lower Santa Fe River starts at US 47 and ends at the confluence of the Santa Fe and
Suwannee rivers. The Ichetucknee River is located in this downstream segment of the
Lower Santa Fe River. The upper segment of the Lower Santa Fe River is the focus of this
restoration plan. Other work is underway to develop a similar restoration plan for the
headwater springs of the Ichetucknee River (Normandeau 2011).
Figure 5 provides a 2008 map of the potentiometric surface of the Floridan aquifer that
contributes flow to the Santa Fe River springs upstream of the US 47 bridge Upchurch et
al. 2008). The springshed that contributes flow to this area was estimated by interpreting
the potentiometric surface and was estimated to be 1,114 square miles in 2008 (a drought
year). The high resolution potentiometric surface map was interpolated from water
surface elevations that were measured in a high density, localized network of wells in
the region.
The historic springshed for this group of springs (Figure 6) was estimated from a
“predevelopment” map of the potentiometric surface of the Floridan aquifer system in
north Florida and South Georgia (Grubbs and Crandall 2007). Grubbs and Crandall’s
map was based on regional potentiometric surface mapping and modeling as compared
to the higher well density used by Upchurch et al. (2008). Using this less precise data set
it is estimated that the predevelopment springshed for these springs was approximately
1,775 square miles.
Based on these analyses, it is estimated that the recharge area for the Santa Fe Springs
discussed in this report declined by about 661 square miles between the predevelopment
period and 2008. Approximately 453 square miles of that reduction was due to
shrinkage of the outer springshed boundary, presumably due to pumping and rainfall
changes outside the Santa Fe springshed. An additional estimated 208 square miles of
that reduced recharge area (about 31 percent) lies inside the “Gainesville Capture Zone”
mapped by Upchurch et al. (2008) for Alachua County (see Figure 5). Much of this lost
recharge area is in a region where the Floridan aquifer is confined and does not
contribute as much flow to springs. Upchurch et al. (2009) reported that the areas where
the Floridan aquifer is confined reflect both low recharge and low aquifer hydraulic
conductivity.

HOWARD T. ODUM FLORIDA SPRINGS INSTITUTE

12

Land Use/Land Cover
Figure 7 provides a map of the most recent land use/land cover data for the Santa Fe
River Springshed. Based on these data the springshed can be divided into five principal
types of landscapes:


Upland forest (40% of total area with 41% unmanaged and 59% managed)



Agriculture & rangeland (25%)



Urban, built-up, transportation, & utilities (17%)



Wetlands (15%)



Water (2%)

The Santa Fe Springshed illustrated in Figure 5 is primarily in Alachua County (61%),
followed by 12% in Bradford County, 9.5% in Gilchrist County, 7.2% in Union County,
4.8% in Columbia County, 4.2% in Levy County, and the remainder in Clay and Putnam
Counties. Approximately 83% of Alachua County lies in the 2008 mapped springshed.
Table 2 provides detailed Level II land use classifications for the Santa Fe Springshed as
well as for the Gainesville Capture Zone. This springshed is dominated by forested areas
(543 sq. mi. or about 40%), consisting of a mix of unmanaged forests (41%) and managed
pine plantations (59%). Cleared areas in row crop agriculture and range land cover
about 25% (341 sq. mi.) of the springshed. These land use categories include areas that
are highly managed through both center-pivot irrigation and fertilization and areas that
rely on natural rainfall amounts and reduced fertilization. The urban land use category
covers about 228 sq. mi. (17%) of the Santa Fe springshed. These areas consist of low to
high density residential areas, commercial and industrial sites, mining, and recreation
(e.g., golf courses).
For comparison, as part of their Basin Management Action Plan (BMAP), FDEP (2008)
estimated that urban land uses in the entire Santa Fe River watershed (note that the
watershed and the springshed are not equivalent) have increased from about 3 percent
in 1988 to 13 percent in 2005 (FDEP 2008). Agricultural land uses have remained
relatively constant during that time period while rangeland has declined from about 21
to 3 percent.
The most common native and human-dominated land uses are described in greater
detail below.
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FIGURE 5

May 2008 springshed delineation for the Santa Fe springs from upstream (east) of I-75, downstream to the US 47
bridge (downstream of Ginnie Spring). This springshed map estimates a current springshed area of about 1,114
square miles. This excludes the Gainesville “capture zone” estimated as about 208 square miles, which has
presumably intercepted groundwater flows that would otherwise feed the Santa Fe River springs. Source: ACEPD and
Upchurch et al. 2009.
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FIGURE 6

Comparison of the estimated “pre-development” Santa Fe Springshed (red hatching) with the recent springshed extent
estimated in 2008 as 1,322 square miles (blue hatching). The “pre-development” springshed included about 1,775
square miles and extended further northeast in Union and Bradford Counties and southeast in Levy and Alachua
Counties. Base Map Source: Grubbs and Crandall 2007.
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FIGURE 7

Estimated 2004 land use/land cover for the Santa Fe River Springshed. Greens and blues generally represent
rangeland, forest, wetlands, and open water land cover in the springshed. Brighter colors such as yellow and red
represent land uses that are more highly influenced by human activities, including intensive agriculture, residential
neighborhoods, commercial centers, and industrial activities. Source: SRWMD and SJRWMD.
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TABLE 2

Summary of 2004 mapped Level 2 FLUCCS land use/land cover data for the Santa Fe River Springshed. The first
column provides the estimated area that is effectively removed from the springshed basin due to the “Gainesville
Wellfield Capture Zone”. The column labeled “Santa Fe Springshed (2008)” is the mapped land use for the area that is
thought to currently contribute groundwater flow to the Santa Fe River springs. Source SRWMD and SJRWMD.

Level 2 Land Use Type
Residential, Low Density
Residential, Medium Density
Residential, High Density
Commercial and Services
Industrial
Extractive
Institutional
Recreational
Open Land
Cropland and Pastureland
Tree Crops
Feeding Operations
Nurseries and Vineyard
Specialty Farm
Other Open Lands - Rural
Herbaceous (Dry Prairie)
Upland Shrub and Brushland
Mixed Rangeland
Upland Coniferous Forest
Upland Hardwood Forest
Upland Hardwood Forest, Continued
Tree Plantations
Streams and Waterways
Lakes
Reservoirs
Major Springs
Wetland Hardwood Forest
Wetland Coniferous Forest
Wetland Forested Mixed
Vegetated Non-Forested Wetland
Non-Vegetated Wetland
Disturbed Land
Transportation
Communication
Utility
Total

Level 2 FLUCCS
1100
1200
1300
1400
1500
1600
1700
1800
1900
2100
2200
2300
2400
2500
2600
3100
3200
3300
4100
4200
4300
4400
5100
5200
5300
5500
6100
6200
6300
6400
6500
7400
8100
8200
8300

Gainesville Wellfield
Capture Zone
Area (sq. mi.)
11.5
13.5
4.6
4.3
1.1
0.2
4.6
1.9
0.2
14.1
1.7
0.0
0.1
0.2
0.1
2.2
0.7
1.5
8.6
0.4
14.2
65.3
0.0
9.6
0.3
0.0
14.8
10.5
3.5
15.6
0.0
0.1
3.5
0.0
0.8
210

Santa Fe Springshed
(2008)
Area (sq. mi.)
104.7
23.7
3.3
4.5
1.3
3.4
3.0
23.5
5.5
275.2
2.6
0.7
2.7
3.0
2.1
9.2
10.6
15.1
40.2
20.4
144.1
257.5
0.9
19.1
0.9
0.0
54.3
23.5
42.1
53.0
0.0
1.3
7.9
0.2
5.0
1165

In the Santa Fe River Basin we identify four major native ecosystem subtypes: uplands,
wetlands, springs and riverine (Suwannee River Coalition 1983; KBN Golder Associates
1996). Ecosystem science differs from most other sciences in its emphasis on
relationships over elements. It follows, therefore, that the various ecosystems of the
Santa Fe are related to one another at the higher level of the whole basin. Most (but not
all) of those relationships among ecosystems follow the flow of water, which is
controlled by differences in head pressure.

Upland Ecosystems
In the Santa Fe basin uplands rise above standing waters by elevations ranging from
inches to tens of feet. The soils composing these uplands are usually sandy or a sandclay mixture and most are well-drained. Unlike most upland ecosystems elsewhere,
runoff from the uplands is relatively low in comparison to percolation into the
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groundwater and evapotranspiration. As a result, the soils of the uplands experience
significant swings in moisture content, from nearly saturated during periods of heavy
rain to xeric during periods between rainfall events.
At the base of any ecosystem are its plants, which capture energy from the sun to use in
their own growth and reproduction and to move water from the soil back into the
atmosphere (transpiration). The extremes in soil moisture in the Santa Fe uplands limit
the species of trees that can thrive under such conditions. The more common trees in the
upland forests include pignut hickory, laurel oak and sweetgum, while fire-climax
softwood forests are dominated by longleaf and slash pine, with scatterings of southern
red oak and mockernut hickory. The areas of greater xeric stress due to their highlydrained soils are termed “scrub” and are dominated by shorter canopy species, such as
sand live oak, and myrtle oak. The higher canopy forests allow sufficient light
penetration for an understory of small trees and forbs (e.g., hop-hornbeam, greenbriar)
in the hardwood forests. Certain softwood areas persist, because they are fire-adapted
and have formed an association with wiregrass and saw palmetto, which burn without
excessive conflagration that would impact the canopy. In the understory of the xeric
scrubs one may find scrub palmetto, prickly-pear cactus, leatherflower, and chinquapin.
The effects of the upland flora upon water entering the soils are both quantitative and
qualitative. Most precipitation falling on the uplands enters the soils where it either is
taken up by tree roots and used to cool the plants by evapotranspiration or passes on the
recharge the underlying groundwater. Evaporative losses are greater during the
growing season, such that winter rainfall contributes significantly more to groundwater
levels than precipitation at other times.
The root systems of the native upland flora are effective at capturing and sequestering
nutrients that are received from rainfall. In the Santa Fe Basin it is the interception of
nutrients from vertical seepage that is most important. Roots, decaying leaf litter, and
their associated microbial populations are usually adequate to capture and utilize
nutrients that are received in rainfall. In this removal they are aided by the prevailing
warm temperatures in the region that accelerate processes such as oxidation and denitrification. As a result, an upland forest serves to filter out most nutrients and deliver
relatively clean water to the Floridan aquifer.
A small portion of the upland forest canopy is consumed by insect herbivores, like
caterpillars and leaf miners and young shoots by grazers as disparate as aphids and
white-tailed deer. Another portion consists of reproductive seeds and berries (mast),
part of which is consumed and the rest dispersed by larger animals, such as opossum,
raccoon and gray squirrel. The largest residual of the forest canopy falls to the floor as
vegetative detritus, where it serves as an energy resource, first for fungi and bacteria,
and then for a host of insect detritivores, such as earthworms, roundworms, and
nematodes. Together the excreta from the herbivores and detritivores, as it is washed
into the soil, recycle nutrient sustenance back to the plants.
Carnivores come in all sizes, from small insectivorous arachnids to an assortment of
woodland birds (read-headed and pileated woodpeckers, white-eyed vireo and assorted
warblers, etc.) to large omnivores, like the black bear. They form the group of large
mobile herbivores, omnivores, and predators that most people think about in connection
with the woods – opossum, squirrel, rodents, fox, etc. They serve to concentrate energy
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and nutrients in their bodies, while their excreta add to the nutrient mix that accelerates
plant growth. Their densities are rarely so great, however, as to generate significant
leakage of nutrients into the groundwater.
In summary, undisturbed upland ecosystems trap available nitrogen and deliver high
quality freshwater to their underlying aquifers.

Wetland Ecosystems
Low-lying areas with little physical relief and low permeable organic and clayey soils or
flat areas adjacent to the Santa Fe and tributaries tend to remain flooded for a significant
period of the year. They are either repositories for upland runoff or flooded by high
stream levels. In the Santa Fe River basin most of these wetlands are forested like their
adjacent to upland ecosystems. Dominant tree species include water hickory, laurel oak,
water oak, river birch, sweetgum, red maple, black gum, water hickory, green ash, and
cypress which are tolerant to having their roots submerged for extended periods.
Occasional wetlands where soils are too hard (karst) or otherwise unsuitable to anchor
tree roots (compacted clays) become prairies dominated by grasses, such as maidencane
and an assortment of weedy herbs. In keeping with the extremes that characterize the
Santa Fe ecosystems, the upland forests tend to be limited by xeric conditions much of
the year, while the wetlands are characterized by standing water during some seasons.
Whereas the porous nature of upland soils leaves them well-oxygenated for the most
part, the slow rate of diffusion through ponded water leaves many of the wetland soils
anoxic. This slows down the decomposition of detrital material, so that wetlands become
a significant sink for carbon sequestration. Genera of fungi and bacteria that decompose
aqueous detritus are different from those in the upland woods. As might be expected,
the detritivores in the aqueous soils are likewise different, consisting mostly of worms,
mollusks, insects, and crustaceans.
There is more overlap with the uplands in the community of arboreal insects, but species
such as beetles, dragonflies, and caddis flies are confined mostly to the wetlands.
Numerous wetland birds spend a portion of their lives in the uplands. The open flooded
prairies, such as are found near the Santa Fe headwaters, are particularly important for
feeding wading birds, such as great blue heron, little blue heron, snowy egret, wood
stork, and white ibis. There is much overlap in mammalian life between uplands and
wetlands, but the latter have a much greater variety of amphibian species, e.g., greater
siren, flatwoods salamander, and barking tree frog; and reptiles, such as alligator,
snapping turtle, mud turtle and water moccasin. Although few large fishes are found in
the wetlands, a variety of small fishes, such as the mosquitofish and Seminole killifish
feed on immature insects.
While the movement of water in the uplands is primarily vertical, what movement exists
in the wetlands is mostly horizontal. That being said, the result is not much different in
either case. Wetland ecosystems serve to remove excess nutrients from waters flowing
through them by natural biological processes and serve as filters for anthropogenic
wastes as they make their way towards the rivers. One important characteristic of
waters exiting wooded wetlands is that they tend to be stained with tannins due to
decaying leaf detritus.
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Spring Ecosystems
Water that percolates down to the underlying aquifer subsequently moves horizontally,
first slowly through porous substrate and then more rapidly along channel conduits in
the karst limestone. Eventually, these conduits spew forth under artesian pressure as
springs that give rise to feeder streams or empty immediately into the Santa Fe River.
The larger springs along the Lower Santa Fe River include Hornsby, Poe, Gilchrist Blue,
and Ginnie, the latter three of which are comprised of collections of individual springs.
Primary production in spring ecosystems is provided by a symbiotic plant community
of submerged aquatic vegetation (SAV), such as strap-leaf sagittaria and eelgrass, and by
attached periphytic algae that grow on the SAV. The algal-covered surfaces of the SAV
leaves provide excellent habitat for a diverse and productive assemblage of primary and
secondary consumers known as macroinvertebrates, the immature stages of midges,
stoneflies, mayflies, caddisflies, amphipod crustaceans, and a variety of snails such as
the elimea, conical siltsnail, and the suwannee hydrobe. These populations of
invertebrates attract numerous fishes to springs and spring runs, including catfish, gar,
bass, bream, mudfish, mullet, and suckers.
For reasons still not entirely clear, but likely having to do with levels of dissolved
oxygen and nutrients, the SAV populations have been decimated in most of the Santa Fe
spring boils and replaced with amorphous, filamentous blue-green algae (Vaucheria and
Lyngbya), which are less hospitable to diverse invertebrate and fish communities. Also,
the waters of several boils have taken on a greenish or brownish (phytoplankton or
tannins) hue. The combination of filamentous algae and discolored waters has
substantially degraded the aesthetic appeal of many springs and likely reduced their
primary productivity – the mechanism that supports their complex food webs.

Stream and River Ecosystems
All precipitation falling in the Santa Fe Basin that does not evaporate or transpire
through trees and other plants eventually makes its way into the river. Like most rivers
in the Southeast, the waters of the Santa Fe are often stained brown or black by tannins.
The resulting water, while often reasonably clear, does not allow light penetration
sufficient to support SAV communities below a few feet of water depth.
Primary production within the water column occurring under low-light and high
mixing, which favors small-bodied phytoplankton, mostly small centroid diatoms of the
genera Chlorella and Cryptomonas. In the shallower stretches of the river one finds SAVs,
such as Coontail and Potamogeton. Phytoplankton are grazed by microheterotrophs, such
as daphnia (water fleas) and mosquito larvae, which in turn are filtered out of the water
by larger organisms, such as striped mullet.
The bottom of the Santa Fe River is frequently scoured by storms, leaving behind mostly
sand and karst outcroppings. Sufficient detritus mixes with the bottom materials to
sustain a community of heterotrophs such as mayfly larvae, dragonfly larvae, crayfish,
and amphipods. This community in turn supports bottom-feeding fish such as redbreast
sunfish, spotted sucker, and catfish. Larger predatory fish, such as largemouth bass,
longnose gar, Suwannee bass, and bowfin garner a significant portion of their diets from
smaller fish.
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The riverine community is dependent on sufficient spring inflow to maintain water
depth. Springs make a considerable contribution to riverine flows along the Santa Fe
River. In the five kilometer stretch where the river flows underground between the sink
at O’Leno State Park and River Rise, river water picks up a significant groundwater
component. During periods of low rainfall, river flow is almost entirely sustained and
dominated by such additions from the springs. Hence, the continued health of the
riverine ecosystem depends heavily on the hydrologic output from springs during at
least a portion of the annual hydrological cycle.

Human-Dominated Land Uses
Human Population
Table 2 provides a summary of human population statistics for the counties that
comprise the Santa Fe Springshed. The estimated total population in the Santa Fe
Springshed in 2010 was 243,458 people with 83 percent of these residents located in
Alachua County. A total of about one million people currently reside in the nine
counties touched by the Santa Fe Springshed and 740,488 people live in the seven
counties most affected by the springs (excluding Clay and Putnam counties). The
estimated human population increase in the Santa Fe Springshed area of interest was
predicted to be about 50 percent by the year 2030 (Hornsby 2009), although estimates
made since the start of the 2008 recession are assumed to be lower.

Agricultural Land Uses
Agricultural land uses include row crops, pastures, pine straw production, and
concentrated feed lots. Agricultural operations are generally located in upland areas
previously in natural forest land cover. Agro-ecosystems receive various levels of
intensive management in the form of tilling, mowing, fertilization, and especially with
regards to establishment of crop monocultures. Agricultural land uses contribute
nutrients (mainly nitrogen and phosphorus), pesticides, and herbicides to groundwater
and surface water. In addition, large quantities of groundwater or surface water are
used by agricultural operations. The effects of agriculture on springs and efforts to
reduce these impacts are discussed in future sections of this report.

Urban/Suburban Ecosystems
Residential, commercial, and industrial sites are dominated by a range of land
treatments, including buildings (houses, stores, warehouses, etc.), pavement (streets,
parking lots, sidewalks, etc.), and grass (yards, golf courses, etc.).
These urban/suburban landscapes can significantly change the amount and quality of
water recharging the underlying Floridan aquifer. Buildings, streets, and other
impervious land uses decrease groundwater recharge in direct proportion to their area.
In highly developed areas recharge may be reduced by as much as 90 percent or more,
and in normal medium density residential areas recharge might be reduced by as much
as 40 to 50 percent. Rainwater that does not percolate naturally into the ground runs off
to the nearest surface water body. This runoff frequently transports nutrients and other
pollutants generated in human economies. These pollutants typically include suspended
solids (sands, clays, grass clippings, trash, etc.), organic matter, nutrients (nitrogen and
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phosphorus), and trace metals and organics (e.g., lead, chromium, herbicides, and
insecticides).
Urban areas concentrate nitrogen-containing pollutants. One particular crop that is
especially deleterious to groundwater is grass. On a per-area basis, lawns, pastures, and
golf courses contribute more nutrient and chemical load to groundwater than do many
row crops. Residential, commercial, and industrial facilities result in the production of
concentrated wastewaters. Depending on the level of treatment of these wastes,
moderate to high loads of nitrogen end up in the Floridan aquifer. For example, houses
on septic tanks discharge roughly 50 to 80 percent of the nitrogen load to the underlying
aquifer. Municipal wastewater treatment and disposal systems typically discharge from
10 to 30 percent of the incoming nitrogen load to groundwater. All treated and untreated
wastewaters generated in the Santa Fe Springshed eventually reach the limestone
aquifer. Some of the water returns to the surface via pumped wells or as discharge from
spring vents to the Santa Fe River.
TABLE 2

Nine counties with a combined land surface area of about 6,900 square miles (4.4 million acres) contribute to the
current Santa Fe Springshed. The estimated human population in these counties was approximately one million.
Alachua County occupies about 61 percent of the 2008 springshed and is home to about 83 percent of the estimated
population residing in the springshed. Bradford and Gilchrist counties occupy about 22 percent of the springshed but
contribute only 9 percent of the population.

1
2

County

County
Area (ac)

July 2010
County
Population1

Alachua
Bradford
Clay
Columbia
Gilchrist
Levy
Marion
Putnam
Union
Total

619516
189988
408467
506735
224404
730610
1060102
528938
156041
4424801

244225
28574
188128
69535
17191
38835
327569
72442
14559
1001058

Area
Springshed
(ac)

2010
Estimated
Springshed
Population2

514406
99141
13489
40494
80015
35683
224
1256
61325
846034

202789
14911
6213
5557
6130
1897
69
172
5722
243458

%
% County in
Springshed
Springshed
in County

61%
12%
1.6%
4.8%
9.5%
4.2%
0.026%
0.15%
7.2%
100%

83%
52%
3.3%
8.0%
36%
4.9%
0.021%
0.24%
39%

Population estimate for July 2010 from US Census Bureau
Springshed population estimate based on % of county in springshed

HOWARD T. ODUM FLORIDA SPRINGS INSTITUTE

22

Hydrology of the Basin - A Resource
Endangered
Precipitation
Rainfall in the existing springshed is the primary source of water for springs. The longterm median average rainfall in the Santa Fe River springshed is about 51 inches per
year. While there is considerable year-to-year variation in rainfall totals (33 to 68 inches
per year over the springshed) there have been no significant trends in the long-term total
over the entire 107-year period-of-record (Figure 8). Rainfall data from the Santa Fe
River basin show significant drought conditions for the 1999 through 2001 period, with
normal to high rainfall totals from 2002 through 2005. More recently there has been a
prolonged multi-year period of low rainfall from 2006 to present with the 5-year moving
average rainfall being the lowest on record.
Linear regression indicates a positive but non-significant trend in rainfall amounts
during the entire period-of-record. Rainfall and resulting groundwater recharge is the
primary input of water to the Floridan aquifer and the dominant source of water for
spring flows. Detailed analysis of these data indicate a relatively steady increase in
rainfall totals during the first half of the period-of-record (about 12 percent) and a steady
decline during the last 50 years (about 13 percent).With the exception of these observed
trends, annual rainfall totals in the Santa Fe springshed are essentially unchanged
during the past century.

Groundwater Recharge
A large portion of rainfall is returned to the atmosphere via evapotranspiration (ET).
The exact amount is dependent upon season, climatic factors, and land use, but does not
vary as much as rainfall from year-to-year. The estimated potential ET for the area for
the Santa Fe Springshed is about 40 inches per year (Fernald and Patton 1984). Average
ET rates in the Santa Fe springshed appear to be lower than this potential value due to
the relative absence of surface water features and are estimated to be in the range of 34
to 36 inches per year.
The remainder of the rainfall in the Santa Fe Springshed (an average of about 15 to 18
inches per year) runs off the land as surface or shallow groundwater flow or recharges
the deeper aquifer (Florida average is about 14 inches per year [Fernald and Patton
1984]). Runoff and recharge rates are highly dependent on land use (e.g., paved or
natural ground cover), soil permeability, and subsurface geology. The U.S. Geological
Survey (Sepulveda 2002) has estimated the recharge rate to the Floridan aquifer in
northeast Florida as about 1.3 inches per year where the Floridan aquifer is confined.
Clark et al. (1964) report an estimated recharge rate of 1.8 inches per year for the
confined aquifer in eastern Alachua and southeastern Bradford counties. Recharge rates
in the less-confined portions of the springshed are higher due to the lack of a significant
confinement layer. Hunn and Slack (1983) prepared a water balance for the confined and
unconfined portions of the Ichetucknee Springs recharge basin and estimated 18 inches
per year of recharge for the unconfined portions of the Santa Fe River basin.
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For the purpose of estimating a preliminary water balance, average aquifer recharge
rates are assumed to be about 1.5 inches per year in the areas of the Santa Fe springshed
indicated as moderately vulnerable (approximately 30% of the springshed) and 16
inches per year in those areas indicated as more vulnerable (approximately 70% of the
existing springshed) (see Figure 9). These numbers indicate that the estimated average
recharge rate to the Floridan aquifer in the existing springshed boundary is about 11.6
inches per year. This estimate includes the flow from surface streams that ultimately
recharge the aquifer through sinkholes. Therefore, an estimated average of about 4
inches per year (51 – 35 – 12 = 4) of the rainfall received in the existing Santa Fe
springshed runs off into streams or recharges the surficial groundwater table.

Stream Flows
Figure 10 illustrates the location of stream flow gauges in the Santa Fe River. Of
particular interest to this Restoration Plan are the gauges located at US 441 north of High
Springs (USGS 2321975) and the downstream gauge located just upstream of the US 47
bridge south of Fort White (USGS 2322500). Figure 11 illustrates the period-of-record
flows at these two gauges.
The upstream flow gauge in the Lower Santa Fe River at US 441 (near High Springs) has
a mean flow of 539 cfs over the past 19 years. Hunn and Slack (1983) report a much
higher average flow of 900 cfs (range from 31 to 20,000 cfs) at this station for the period
from 1931 to 1976.
The next USGS gauge downstream (US 47 near Ft. White) has recorded a mean flow of
1,498 cfs over the past 73 years with an observed range in flows from 342 to 16,900 cfs.
Hunn and Slack (1983) reported a higher mean flow at this station of 1,643 cfs for the
period from 1927 to 1976, with a reported range from 609 to 17,000 cfs.
In a comparison of the flows at these two stations over the most recent 19 year period-ofrecord, the US 47 gauge has an average flow of 1,152 cfs (Figure 12), resulting in an
average flow increase of 613 cfs between the US 441 and US 47 stations. This increased
flow represents a combination of spring flows and direct and indirect runoff to this
reach of the river. Hunn and Slack (1983) made a similar comparison based on measured
flows up to 1976 and estimated a 700 cfs average increase in flows between these
stations. Based on the flow from known springs at the time of their analysis, they
estimated that no more than 50 percent of this increase was due to flows from known
springs, implying that there are unrecorded springs as well as diffuse groundwater
contributions through large joints in the limestone streambed.
Figures 13 and 14 illustrate the US 47 flow in the Santa Fe River for the entire period-ofrecord with a LOESS (locally-weighted scatterplot smoothing) curve or trendline to
demonstrate the instantaneous best fit regression curve for these data. The shape of the
LOESS curve in Figure 13 is magnified in Figure 14, illustrating a highly significant
downward trend in average flows at this station since about 1968. Flows were relatively
constant with an average of about 1,600 cfs from the 1920s to the 1960s when the average
flow increased to about 1,800 cfs. Since about 1968 this trend has been declining at a
relatively fast rate to an average flow of about 900 cfs in 2010. The percentage flow
decline at the US 47 monitoring site from 1968 until 2010 is about 50 percent.
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FIGURE 8

Total annual rainfall measured at nine weather stations located in the watershed of the Santa Fe River between 1903 and 2010. The median annual rainfall during this period was
51 inches with variation of average annual totals between 33.4 and 67.8 inches. Linear regression indicates a positive but non-significant trend in rainfall amounts during the entire
period-of-record. The five-year and 10-year moving averages are overlaid on the annual trend chart. The LOESS line provides a locally-weighted trend line that illustrates the
observed range of rainfall changes during a shorter time frame. Rainfall and resulting groundwater recharge is the primary input of water to the Floridan aquifer and the dominant
source of water for spring flows. Detailed analysis of these data indicate a relatively steady increase in rainfall totals during the first half of the period-of-record (about 12 percent)
and a steady decline during the last 50 years (about 13 percent).With the exception of these observed trends, annual rainfall totals are essentially unchanged during the past
century. Source: iAIMS Climatic Data, Texas A&M University (www.beaumont.tamu.edu/CLIMATICDATA ).
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FIGURE 9

Map of the vulnerability of the Floridan aquifer system to human activities at the ground surface (from state-wide
vulnerability assessment). The areas highlighted in yellow are generally above the Cody Scarp and are overlain by
varying thicknesses of the Hawthorne Group, a layer of relatively low permeability sediments overlying the limestone
aquifer. These areas are perforated in a number of areas by collapse type sinkholes that do allow some direct
connection between the surface and the Floridan aquifer system. The areas of the aquifer highlighted in orange are
more vulnerable due to the general absence of the Hawthorne Formation. Source: FGS.
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FIGURE 10

Existing gauging stations on the Santa Fe River and on key tributaries to the river. Source: UF Water Institute.
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FIGURE 11

Period-of-record flow data for the gauges of principal interest for the Santa Fe Springs Restoration Plan. The gauges include 2321975 located at US 441 just downstream of the
River Rise Spring and 2322500 located just upstream of the US 47 bridge. The trendline on the US 47 gauge indicates that long-term average flows in this section of the Santa Fe
River have declined by about 590 cfs or 32%. The majority of this decline appears to have occurred in the period since 1992.
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FIGURE 12

Recorded discharge at three stations in the Santa Fe River during the period from 1992 through 2010. These data indicate an estimated upstream to downstream average flow
increase of about 613 cfs between US 441 and US 47 during this recent period. Approximately 488 cfs of this increase appears to be due to spring flows. However linear trends
indicate that the average flows at these stations have declined by 38 to 65% over this 18-year period.
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FIGURE 13

Period-of-record daily flow data in the Santa Fe River at the Ft. White station (US 47). A LOESS trendline is provided to provide a locally-weighted average flow condition during
this period.
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FIGURE 14

The shape of the LOESS trendline in Figure 13 above is magnified in this portion of that same graph. The blue points are the daily flow values at the US 47 gauge. The red line is
the LOESS, locally-weighted smoothed trendline for these flow data. This trendline shows the relatively constant average flow of about 1,600 cfs at this station until the 1960s
when the average flow increased to about 1,800 cfs. Since about 1968 this trend has been declining at a relatively fast rate to an average of about 900 cfs in 2010. The
percentage flow decline at the US 47 monitoring site from 1968 until 2010 is about 50 percent.
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Floridan Aquifer Levels
The level of water in the Floridan aquifer system is the net result of the difference
between natural and man-induced recharge to the aquifer and groundwater pumping
combined with spring discharge. Aquifer levels are measured in monitoring wells that
are not being used for pumping at the time of measurement. Water level data from a
regional array of monitoring wells are used to develop maps of the potentiometric
surface of the Floridan aquifer. The water level in individual wells and in the aquifer as
a whole varies from day-to-day and over longer time intervals. Figure 15 provides a
map of the locations of groundwater monitoring wells routinely sampled by Alachua
County EPD to observe changes in the potentiometric surface of the Floridan aquifer.

FIGURE 15

Locations of groundwater monitoring wells in the Santa Fe River Springshed. Source: Alachua County EPD. (see new
shapefile on EPD ftp site May_2008)

Figure 16 provides a long-term record of daily water levels measured from April 1982 to
July 2011 in one well (S081703001- 287 feet deep with a casing depth of 172 feet) located
near High Springs, near the Santa Fe River springs. This well has indicated relatively
high year-to-year variability in water levels (from about 30 to 40 ft above mean sea level)
and a statistically significant declining trend over the 30-year period of record. The 1998-
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2002 and 2006 to present drought periods have had a significant impact on water levels.
Lower groundwater levels result in lower average discharge rates at nearby springs.

FIGURE 16

Groundwater levels in a long-term monitoring well located in High Springs about one mile east of Poe Springs. Over
the 30-year period illustrated in this graph the average level of the Floridan aquifer potentiometric surface has declined
about three feet. This change appears to be relatively small compared to the overall variation in the aquifer level (about
10 feet) but may explain the observed decline in the average flow at Poe Springs of about 22 cfs over this 30-year
period. Also, note that extreme low levels appear to be lower in the second half of this interval (about 30.4 ft MSL)
compared to the first half of the time period (about 32 ft MSL).

Spring Flows
A modest amount of spring flow data exist for the Santa Fe Springs from the past 93
years (Table 3). The only spring in this area with discharge data measured prior to 1972
is Poe Springs. The recorded average flow at Poe Springs between 1917 and 1972 was 72
cfs compared to the period-of-record average flow of about 52 cfs. These data indicate an
average flow reduction of about 22 cfs at Poe Springs (31 percent reduction) for the
periods before and after 1972. Linear trendlines for several of these springs indicate flow
declines during the more recent period starting in 1995.
Figure 17 illustrates the annual 7-day low flow at the US 47 gauge (Ft. White) on the
Lower Santa Fe River for the 1927 to 2010 period-of-record. These data approximate the
average baseflow or groundwater-dominated flow in the river below the Poe Springs
Group. These baseflows varied around a mean of about 1,000 cfs through 1970. Since
1970 there has been a continuing downward trend in annual 7-day low flows to an
average of about 650 cfs during the most recent 10-year period-of-record.
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TABLE 3

Summary of spring flow data for a selection of the Santa Fe Springs from the period from 1917 through 2010. The two
springs with the largest average flows, Columbia and Treehouse, are resurgence springs that discharge a blend of
river water lost upstream in swallets and artesian groundwater derived from the Floridan aquifer system. Source:

USGS and SRWMD.

Spring
Blue Springs
Columbia Spring
Ginnie Springs
Hornsby Springs
Poe Springs
Santa Fe Spring
Treehouse Spring
Total

Average
45.8
106.8
39.1
77.7
51.6
57.9
198.1
577

Discharge (cfs)
Median
Max
39.3
86.6
74.1
395.0
39.1
58.2
57.4
352.0
49.7
93.1
52.6
157.0
107.4
739.0
420
1881

Min
11.2
0.6
29.3
-3.8
18.8
4.6
4.7
65

Count
101
36
34
66
93
34
34
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FIGURE 17

Annual 7-day low flow at the US 47 gauge (Ft. White) on the Lower Santa Fe River for the 1927 to 2010 period-ofrecord. These data approximate the average baseflow or groundwater-dominated flow in the river below the Poe
Springs Group. These baseflows varied around a mean of about 1,000 cfs through 1970. Since 1970 there has been a
continuing downward trend in annual 7-day low flows to an average of about 650 cfs during the most recent 10-year
period-of-record.
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Water Withdrawals
Use of electric pumps for groundwater extraction is a relatively new technological
development within the past 100 years. Most wells in the project area are drilled through
overlying sediments and rocks and into the top 100 to 500 feet of the Floridan aquifer, a
porous limestone mass composing the aquifer up to 3,000 feet in thickness in some areas.
In this area of Florida, the freshwater portion of the Floridan aquifer is approximately
300 to 800 feet in thickness (Hunn and Slack 1983). Nevertheless, wells are typically
developed nearer the surface of the aquifer due to higher cost and higher dissolved
solids resulting from the construction and pumping of deeper wells.
While the freshwater portion of the Floridan aquifer is vast in extent (vertically and
horizontally) there is a significant practical constraint on the amount of water that can be
extracted before unintended environmental consequences are manifested. Specifically,
wetlands, lakes, rivers, and springs are typically more dependent on the level of the
potentiometric surface of the aquifer rather than its total thickness. Figure 18 illustrates
this “bucket” concept. For springs and spring-fed rivers and lakes that are dependent for
their base flows from the Floridan aquifer, it is height of the potentiometric surface
above the elevation of the spring vent (typically less than 20 feet) that determines the
difference between flow and no flow in a spring. When aquifer levels are lowered by
any amount due to increased withdrawals or decreased groundwater recharge, the effect
is a reduction in spring and river base flows. Complete cessation of spring flows
inevitably occurs under excessive pumping.

FIGURE 18

The primary source of recharge to the Floridan aquifer system is rainfall and the primary point of discharge is through
artesian springs. While the Floridan aquifer system holds a vast quantity of fresh water with depths varying from 300 to
800 feet below the ground surface in the study area, only the top few dozen feet of this water is available to feed
springs. When this groundwater level is lowered by a combination of drought (less recharge), urban development
(reduced pervious surfaces), and human withdrawals (pumping from wells), the potentiometric surface of this aquifer is
lowered and spring flow declines. Long-term flow reductions at numerous springs in the Santa Fe River springshed are
already evident and are at least in part attributable to increased groundwater withdrawals due to agricultural and urban
development, both within and outside the springshed. Source: SRWMD.
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Florida’s water management districts are required to update their future water supply
plans on a five-year schedule. One of the exhibits from the most recent efforts to update
the St. Johns River Water Management District (SJRWMD) water supply plan is
reproduced in Figure 19. This figure illustrates the estimated drawdown of the Floridan
aquifer in northeast Florida as a consequence of projected future pumping rates in the
SJRWMD. Two areas of greatest concern can be seen on this figure. One is centered near
the City of Jacksonville in Duval County and the other is located in the vicinity of large
pulp and paper mills in Nassau County. These large projected drawdowns are a
response to both high groundwater pumping rates as well as the highly confined nature
of the Floridan aquifer in these areas. The future pumping rate assumed for the modeled
drawdown illustrated in Figure 19 was about 360 MGD (Hornsby 2009).
Another area of interest on this figure is the aquifer drawdown projected in the vicinity
of Gainesville’s Murphree Wellfield located within the historic springshed for the Santa
Fe River springs. Simulated drawdowns at the Gainesville Wellfield exceed 35 feet
compared to pre-development conditions. The potentiometric maps in Figures 5 and 6
above illustrate that the maximum measured drawdown in the Gainesville Wellfield
Capture Zone was already about 15 feet in 2008 .
Figure 20 illustrates the regional changes in springs groundwater recharge areas as a
result of pumping in northeast Florida and south Georgia over the past 75 years. The
estimated reduction in recharge area for all of the springs in the SRWMD, including the
Santa Fe River springs, in 2005 was about 1,900 square miles for an estimated reduction
in recharge of about 190 cfs to the west and southwest towards the Santa Fe springs.
The estimated portion of the Santa Fe Springshed lost due to outside pumping
influences is about 453 square miles. Using the USGS estimate of 1.3 in per year of
recharge (Grubbs and Crandall 2007), this is equivalent to an estimated lost average
recharge of about 45 cfs. At a 1.5 inch per year estimated recharge rate, the Gainesville
groundwater capture zone (approximately 208 square miles) may be responsible for an
average reduction of about 23 cfs from the groundwater base flow feeding the Santa Fe
River springs. The combination of these two estimates is an average reduction of about
68 cfs.
The USGS provides annual inventories of water withdrawals by county for Florida
(Marella 2009). Estimated total water withdrawal data for all of the counties in the
general area of the Santa Fe Springs are summarized in Table 4. Average water
withdrawals (primarily groundwater) within these seven counties have increased by
decade from about 56 MGD (87 cfs) in the 1960s, 91 MGD (141 cfs) in the 1970s, 142
MGD (220 cfs) in the 1980s, 168 MGD (260 cfs) in the 1990s, and 181 MGD (280 cfs)
during the most recent decade. Based on groundwater withdrawal data for the most
recent decade, the water use with the highest estimated withdrawal is agriculture with
40% followed closely by public supply with 35% of the total. Domestic self supply is
estimated to be the next highest use with 17% of the total and the remaining uses only
account for about 7% of the total. Most agricultural and all domestic self supply use is
estimated, whereas public supply use is metered.
Estimated groundwater withdrawals in the current Santa Fe Springshed are
considerably lower than these estimates, as not all of the land area of these seven
counties are within the springshed. Using the very rough assumption that withdrawals
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in the springshed are proportional to the fractional area of each county in the
springshed, it can be estimated that the total water withdrawal in the springshed during
the most recent reporting period (2001-2005) amounted to about 64 MGD (99 cfs). The
estimated proportion of uses is similar to the totals above with agriculture using the
largest share followed by public supply and domestic self supply.
Total water uses are important but do not necessarily reflect the actual impacts of
groundwater withdrawals on spring flows. In many areas of the state, a portion of the
water withdrawn from the aquifer finds its way back to the aquifer. Thus the net
consumption (difference between total withdrawal and total returns) is the true metric
for evaluating the effects of groundwater withdrawals on declining spring flows. The
USGS has estimated a range of net consumption percentages for differing water uses.
These fractions are summarized in Table 5 and are only rough estimates, considering the
actual variety of detailed water uses and their differences in resulting
evapotranspiration, infiltration, and runoff fractions. Table 6 estimates that the net
consumptive use of water in the springshed area has increased from about 8 MGD (12
cfs) in the 1960s to about 28 MGD (43 cfs) in the most recent decade. During this periodof-record the estimated net consumption of groundwater has increased every decade.

FIGURE 19

Projected lowering of the Floridan aquifer system in response to anticipated increased groundwater withdrawals in the
SRWMD and SJRWMD from 1995 to 2030. Note that modeled declines in the Floridan aquifer system are anticipated
to be greatest (more than 20 feet) in northeast Florida in Duval and Nassau counties and in Gainesville in Alachua
County. Much of the Santa Fe Springshed is predicted to see continuing lowering of the aquifer by as much as 1 to 5
feet. These modeled impacts, if realized, will result in additional reductions in the recharge area for the Santa Fe
Springshed and reduced spring flows. Source: SRWMD/SJRWMD 2009.
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FIGURE 20

Estimated decline (1936 to 2005) in the land area inside and outside of the SRWMD that recharges the groundwater
basin feeding springs along the Suwannee, Withlacoochee, Alapaha, and Santa Fe Rivers. The mapped groundwater
divide has migrated approximately 35 miles to the southwest over a 70-year period, resulting in a reduction of the
springshed areas that contribute flow to springs that discharge into these rivers of about 20 percent or 1,900 square
miles. Based on estimates by the USGS (Grubbs and Crandall 2007) this is equivalent to a flow diversion away from
the Suwannee River and its tributaries (springs) of about 190 cfs or 46 billion gallons of water per year. Source:
SRWMD 2011.
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TABLE 4

Estimated groundwater withdrawals in the counties that contribute water to the Santa Fe Springs Springshed. The total
estimated human withdrawals in these counties has increased from an average of about 56 MGD during the period
from 1965-1970 to about 181 MGD during the period from 2001-2005. Data Source: USGS Marella (2010).
Estimated Groundwater Withdrawals (MGD)

County
Alachua

Bradford

Columbia

Gilchrist

Levy

Marion

Union

Category
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Public Supply
Domestic
Commercial, Industrial, Mining
Agricultural
Recreational
Power Generation
Total
Grand Total
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1965-1970 1971-80 1981-90 1991-2000 2001-05
15.45
16.94
21.81
24.79
28.90
3.93
4.86
7.22
5.36
5.69
7.20
5.08
2.66
2.41
0.67
2.56
9.49
15.01
14.14
23.05
0.00
0.00
1.80
2.73
0.40
0.76
0.91
2.84
2.53
2.65
29.89
37.28
51.33
51.96
61.36
0.50
0.97
1.44
1.40
1.52
0.68
1.44
2.84
2.14
2.62
0.70
4.03
3.93
2.12
2.07
0.11
0.61
0.86
0.85
0.99
0.00
0.00
0.15
0.18
0.43
0.05
0.03
0.00
0.00
0.00
2.03
7.09
9.21
6.67
7.63
1.45
1.90
2.41
3.10
3.49
0.82
2.54
5.04
3.20
3.69
0.00
0.23
0.06
0.29
0.23
0.30
1.32
2.69
7.08
4.40
0.00
0.00
0.24
0.25
0.38
0.00
0.00
0.00
0.00
0.00
2.57
5.99
10.43
13.91
12.19
0.10
0.47
0.36
0.24
0.24
0.20
0.44
1.24
1.30
1.39
0.03
0.04
0.09
0.21
0.40
0.12
0.98
6.59
10.80
12.59
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.44
1.93
8.27
12.54
14.62
0.65
1.02
1.34
1.86
1.85
0.49
1.02
1.89
3.81
2.85
0.01
0.04
0.32
0.07
0.08
0.86
1.87
9.77
18.51
20.73
0.00
0.00
0.15
0.31
0.41
0.01
0.00
0.00
0.00
0.00
2.02
3.95
13.46
24.54
25.92
3.85
6.18
12.20
21.43
27.01
3.54
6.81
13.16
19.92
12.67
3.30
0.68
0.72
1.91
2.41
6.65
19.82
19.21
8.92
8.58
0.00
0.00
1.96
3.07
4.65
0.00
0.00
0.00
0.00
0.00
17.34
33.48
47.24
55.24
55.32
0.13
0.56
0.59
0.41
0.26
0.49
0.55
1.02
1.05
1.25
0.70
0.00
0.02
0.35
0.40
0.08
0.22
0.97
1.04
1.69
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.39
1.33
2.60
2.84
3.60
55.7
91.1
142.5
167.7
180.6
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Bradford
Columbia
Gilchrist
Levy
Marion
Union
TABLE 5
Total

0.28
0.07
0.06
0.04
0.00
0.14
7.79

0.99
0.17
0.33
0.09
0.00
0.18
13.10

1.40
0.33
1.76
0.38
0.00
0.44
21.31

1.11
0.55
2.79
0.70
0.00
0.46
22.92

1.35
0.43
3.24
0.77
0.00
0.65
28.04

Summary of estimated net consumption (total use minus amount returned to the groundwater) by water use category.
The highest estimated net consumptive uses are for agricultural irrigation and “recreational” (golf courses).
Use Type

Percent
Consumed1
28%
28%

Public Supply
Domestic
Commercial,
20%
Industrial, Mining
Agricultural
68%
Recreational
77%
Power Generation
8%
1
Average values from USGS (Marella 1988, 1992, 1999, 2004, and 2009)
TABLE 6

Summary of estimated net consumptive use of groundwater in the Santa Fe Springshed by decade. Estimated
consumptive uses have increased four-fold since the 1960 to about 28 MGD for the period between 2001 and 2005.
Source: USGS data.

County
Alachua
Bradford
Columbia
Gilchrist
Levy
Marion
Union
Total

Estimated Net Consumptive Water Use in the Springshed (MGD)
1965-1970
1971-80
1981-90
1990-2000
2001-05
7.19
11.33
17.00
17.30
21.60
0.28
0.99
1.40
1.11
1.35
0.07
0.17
0.33
0.55
0.43
0.06
0.33
1.76
2.79
3.24
0.04
0.09
0.38
0.70
0.77
0.00
0.00
0.00
0.00
0.00
0.14
0.18
0.44
0.46
0.65
7.79
13.10
21.31
22.92
28.04

Percent
Consumed1
Public Supply
28%
Rainfall
is the only significant
input of new water into the water budget for the Santa Fe
Domestic
28%
River.
On an average annual basis rainfall has varied between 33 and 68 inches over the
Commercial,
20%
Industrial,
Mining
100+
period-of-record,
with a long-term average of 51 inches per year. Average annual
Agricultural
rainfall
over the last ten68%
years (2001-2010) averaged 49 inches. Based on a review of the
Recreational
77% pre-development average flow in the Santa Fe River at the
available
data, the estimated
Power
Generation
US
47 station
was about8%
1,650 cfs. The current (2001-2010) estimated annual average
1
Average
values
from
USGSis(Marella
1988,cfs.
1992, 1999, 2004, and 2009)
flow at the US 47
station
about 1,040

Water Balance Summary
Use Type

The rate of decline in flows in the Santa Fe River appears to be greatest over the past two
to three decades. Figure 21 illustrates a comparison of LOESS curve analyses for rainfall
and US 47 total discharge over the past 20 years. While rainfall totals have declined
about 20 percent over this period average flows at US 441 and at US 47 in the Santa Fe
River have declined between 40 and 60 percent.
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FIGURE 21

Observed trends (LOESS curves) for rainfall in the Santa Fe springshed and flows at the US 441 (near High Springs)
and US 47 (near Ft. White) stations in the Santa Fe River. Over the past 20 years, rainfall monthly totals have declined
from 4.7 to 3.8 inches (about 20 percent) while flows at US 441 have declined from about 800 to 300 cfs (62 percent)
and flows downstream at US 47 have declined from about 1,450 to 830 cfs (40 percent).

During low-flow conditions the Lower Santa Fe is essentially a spring run, with
baseflow provided by artesian water inputs solely from the Floridan aquifer system. The
existing (2001-2010) average baseflow in the Santa Fe River at US 47 is about 650 cfs. The
review of historic baseflow data at this gauge indicates that the “predevelopment”
groundwater flow averaged about 1,000 cfs at the US 47 gauging station near Ft. White.
These data indicate that on average, springflow within this reach of the Santa Fe River
has declined on average about 350 cfs or 35 percent over the entire period-of record.
The estimated period-of-record (1927 to 2009) decline in spring flows for the Santa Fe
River within the project area is about 350 cfs. Human activities related to reduction in
the area of the springshed contributing recharge (estimated to be from 1,775 to 1,114
square miles) and the estimated net consumption of water by human water uses, explain
less than one third (100 cfs) of the long-term observed flow decline in the Santa Fe River
at US 47 (about 350 cfs). The rest of this estimated decline in spring and groundwater
inflow (about 250 cfs) is apparently due to reduced groundwater recharge as a result of
lower rainfall totals, surface drainage alterations, and undocumented groundwater
withdrawals. Additional data collection and analysis efforts to better quantify the
historic and current water balances in the Santa Fe springshed are recommended.
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Impaired Waters – Swimming Holes or Toilet
Bowls?
Water Quality
Santa Fe River
Table 7 provides a summary of water quality data from the SRWMD surface water
monitoring stations along the Santa Fe River. These data illustrate the changing water
chemistry between the Upper Santa Fe and the Lower Santa Fe as the river transitions
from a black-water, acidic, soft water river between the Santa Fe Swamp and O’Leno
State Park, to a clear, spring-fed river with higher dissolved solids, pH, and nitrate
nitrogen in the Lower Santa Fe River.
Elevated nitrate concentrations in the Santa Fe River are a relatively recent
anthropogenic condition (Figure 22). Nitrate concentrations in the Lower Santa Fe River
below the Ichetucknee River have been steadily rising since at least the 1960s, from their
estimated pre-development concentrations of less than 0.1 mg/l to about 0.4 mg/L
currently. Based on the most recent data, nitrate concentrations in the Santa Fe River at
US 47 near Ft. White currently average about 0.7 mg/L. More recent nitrate trends in
these river data are displayed in Figure 23. These data provide additional evidence that
at several Santa Fe River stations (Worthington Springs, High Springs, and Fort White)
average nitrate levels are elevated but have not increased significantly during the past 20
years.
The waters in the Lower Santa Fe River were added to the verified “Impaired Waters
List” in 2008 for nutrients (nitrate nitrogen) and for low dissolved oxygen (FDEP 2008).
Elevated nitrate concentrations in the Santa Fe River are believed to be related to an
increased frequency of algal blooms (Figure 24) during low-flow periods when the water
is clear (artesian water) and has the highest nitrate concentrations (FDEP 2008).
The total mass of nitrate nitrogen transported by the Santa Fe River can be estimated on
an annual basis by multiplying annual average flows by annual average nitrate
concentrations. Figure 22 summarizes nitrate loads from 1989 through 2010. Estimated
annual average loads at the US 47station appear to be declining, from about 950 tons per
year in 1989, to about 700 tons per year in 2010, because of decreased flows. The average
nitrate load during this period at US 47 was about 817 tons per year, nearly 10 times the
estimated predevelopment load of about 90 tons per year. The estimated nitrate load
upstream at the US 441 station also appears to be declining during the past decade, also
due to declining flows. The estimated average load at the US 441 station is about 168
tons per year. In spite of these recent declines at individual monitoring stations, there is
an average nitrate load increase of about 649 tons per year from springs and surface
runoff within this reach of the Santa Fe River between the US 441 and US 47 stations. It
is important to note that the estimated load reductions for nitrate are primarily a result
of declining flows since nitrate concentrations in the principal springs have continued to
increase during this period.
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TABLE 7

Summary of SRWMD water quality data in the Santa Fe River springs restoration area. Stations are listed from
upstream (Worthington Springs) to downstream (Hildreth). The Santa Fe Springs that are the focus of this report are
located in the Santa Fe River reach that includes the High Springs and Fort White stations. These data document the
changing chemistry of the Santa Fe River above O’Leno (colored water, lower dissolved solids and ions, kjeldahl
nitrogen and total phosphorus) and the river downstream of the Santa Fe River Rise (spring dominated as indicated by
lower color and dissolved carbon, higher dissolved ions, and elevated nitrate nitrogen). Source: SRWMD (1989 2010).

Parameter
ALK_mg/L
Ca_mg/L
Chlora_ug/L
Chloride_mg/L
Color_PCU
DO_mg/L
DOC_mg/L
F_mg/L
K_mg/L
Mg_mg/L
Mn_mg/L
Na_mg/L
NH3NTOT_mg/L
NOXNTOT_mg/L
ORTHOP_mg/L
pH
PTOT_mg/L
SIO2_diss_mg/L
SO4_mg/L
SPCOND_F_us/cm
TDS_mg/L
TEMP_C
TKN_mg/L
TOC_mg/L
TURB_NTU

Worthington
Springs
32.74
13.90
0.713
18.717
254.36
6.875
-0.155
1.441
5.148
2.174
8.684
0.044
0.186
0.215
6.691
0.291
3.269
8.668
141.14
148.88
19.89
1.032
29.308
4.201
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Oleno
71.86
27.07
1.491
13.613
197.73
5.434
4.600
0.186
1.167
7.437
5.109
7.034
0.041
0.139
0.152
6.960
0.199
4.134
19.001
212.06
184.38
20.76
0.787
22.501
2.643

High Springs Fort White
100.28
136.78
47.78
54.92
1.711
1.295
15.938
10.625
146.41
76.12
4.146
5.164
16.362
8.628
0.193
0.146
1.328
0.904
9.217
6.600
5.860
3.822
8.980
5.957
0.037
0.031
0.254
0.725
0.117
0.076
7.138
7.369
0.152
0.101
5.149
3.781
51.160
24.994
335.87
329.29
254.02
221.40
21.75
21.79
0.573
0.374
16.790
9.146
1.611
0.960

Hildreth
136.73
55.19
1.268
9.682
66.34
5.881
7.603
0.147
0.685
6.665
4.123
5.526
0.032
0.599
0.067
7.494
0.099
3.956
24.411
324.86
215.11
21.61
0.326
7.817
0.981
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FIGURE 22

Nitrate nitrogen trend (rolling average) in the Lower Santa Fe River from 1959 through 2007. Average nitrate
concentration increased from about 0.1 in 1959 to 0.35 by 1984. From 1984 through 2007 average nitrate
concentrations did not display a clear trend. Source FDEP 2008.

Springs
Various agencies, including the FDEP, the SRWMD, and Alachua County monitor water
quality in the Lower Santa Fe River and its springs. Figure 26 provides a map of the
locations for the spring sampling stations routinely sampled by ACEPD. Table 8
provides a summary of the general water quality measured by ACEPD in these springs
over the past ten years.
Average nitrate concentrations in these springs over the past decade have ranged from a
low of about 0.2 mg/L in Treehouse Spring to a high of about 1.8 mg/L in Gilchrist Blue.
As illustrated in Figure 27, nitrate concentrations are on the rise in the two downstream
springs (Ginnie and Gilchrist Blue) but may be declining in the springs that are further
east (upstream). These declines may be due to a greater fraction of lower nitrate surface
water in these spring discharges or increased percentage contribution of deeper, older
aquifer water with lower nitrate concentrations (Chaesar and Katz 2005).
Pre-development nitrate concentrations in springs were typically in the range of 0.05 to
0.1 mg/L (parts per million) (Florida Springs Task Force 2000). The average nitrate
concentration at Gilchrist Blue Spring over the past 20 years was 1.76 mg/L (an
estimated increase above natural background greater than 3,000%) and current
concentrations are over 2 mg/L. Nitrate concentration at Gilchrist Blue Spring appears
to be increasing at an annual rate of about 0.02 mg/L per year. This increase in nitrate is
reflecting elevated levels of nitrate in the groundwater that feeds this spring.
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FIGURE 23

Nitrate nitrogen concentration trends in the Santa Fe River during the past 20 years. Trend lines are declining in the
upstream section in the Lower Santa Fe River near High Springs, indicating that these levels have stopped their rapid
rise observed during the previous three decades. The nitrate concentration trend line is relatively flat downstream as
evidenced by data from the Ft. White station at US 47.

FIGURE 24

Photograph of floating mats of filamentous algae in the Lower Santa Fe River in 2000. Evidence like this was utilized
by the Florida Department of Environmental Protection to list the Lower Santa Fe River and its associated springs as
impaired under the U.S. Clean Water Act. A total maximum daily load (TMDL) for nitrate in the lower Santa Fe River
and its springs was established in 2008. This TMDL requires that nitrate concentrations be reduced to less than 0.35
mg/L. Source: FDEP 2008.
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FIGURE 25

Estimated annual average nitrate nitrogen mass at three stations along the Upper and Lower segments of the Santa
Fe River. Average nitrate mass loads continue to be much higher than pre-development levels estimated to be about
90 tons per year at the US 47 water quality station. Nitrate loads are generally decreasing at the two stations in the
Lower Santa Fe River due to declining flows while nitrate concentrations are relatively constant.

Based on the estimated nitrate mass load in this reach of the Santa Fe River over the past
two decades (817 tons per year) and the estimated groundwater/spring inflow (650 cfs),
the estimated mean groundwater nitrate concentration is about 1.3 mg/L.
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FIGURE 26

Santa Fe River springs monitored by the SRWMD and Alachua County for levels, discharge, and water quality.
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TABLE 8

Summary of water quality in selected Santa Fe River springs monitored by the SRWMD. These springs are arranged
from upstream to downstream. Only the first spring, Santa Fe Spring, is located in the Upper Santa Fe River above
O’Leno State Park. The rest are located in the upper half of the Lower Santa Fe River between the US 441 bridge and
the US 47 bridge and upstream of the confluence with the Ichetucknee River. Source: SRWMD and ACEPD for 1992
through 2010.
Parameter
ALK_mg/L
Ca_mg/L
Chlora_ug/L
Chloride_mg/L
Color_PCU
DO_mg/L
DOC_mg/L
F_mg/L
K_mg/L
Mg_mg/L
Mn_mg/L
Na_mg/L
NH3NTOT_mg/L
NOXNTOT_mg/L
ORTHOP_mg/L
pH
PTOT_mg/L
SIO2_diss_mg/L
SO4_mg/L
SPCOND_F_us/cm
TDS_mg/L
TEMP_C
TKN_mg/L
TOC_mg/L
TURB_NTU

Santa Fe
Springs
140.75
50.62
-9.477
53.84
0.610
6.566
0.266
0.877
12.395
8.555
6.296
0.054
0.200
0.115
7.286
0.146
8.057
34.095
340.24
231.05
22.07
0.401
6.915
0.640

Treehouse
Spring
125.64
59.47
-15.508
132.50
2.066
12.400
0.211
1.201
10.456
6.043
9.644
0.040
0.321
0.108
7.154
0.141
5.419
60.239
394.08
289.44
22.78
0.528
13.769
2.315
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Hornsby
Spring
155.59
70.05
-13.273
18.65
0.878
4.385
0.214
1.070
10.204
5.673
8.885
0.037
0.504
0.078
7.269
0.099
5.897
68.272
439.38
292.80
22.42
0.235
4.467
0.711

Columbia
Spring
118.68
58.64
-15.996
152.64
2.739
15.249
0.211
1.208
11.021
6.163
9.671
0.042
0.247
0.109
7.189
0.170
5.698
65.424
397.81
291.15
23.74
0.637
15.144
2.516

Poe Springs Blue Springs
173.76
160.59
69.29
61.30
--13.236
5.842
9.88
5.10
0.736
5.251
3.761
1.619
0.157
0.114
0.914
0.375
6.852
6.313
3.795
3.207
8.553
3.096
0.038
0.039
0.313
1.759
0.084
0.029
7.285
7.425
0.101
0.044
4.244
3.080
26.320
11.171
399.55
339.29
249.07
200.71
22.29
22.46
0.210
0.141
4.001
1.607
0.389
0.264

Ginnie
Springs
154.34
57.57
-5.373
5.31
3.929
1.541
0.112
0.275
5.477
3.060
2.922
0.041
1.295
0.030
7.481
0.041
3.122
10.213
312.15
187.27
22.29
0.176
1.555
0.168
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FIGURE 27

Measured concentrations of nitrate nitrogen at selected Santa Fe River springs in the study area. Nitrate
concentrations have been increasing in Blue and Ginnie springs during the past decade while concentrations in the
other springs appear to be remaining relatively constant or are decreasing. Note that Santa Fe and Columbia are the
only springs in this data set that are consistently lower than the proposed numeric nutrient criterion for nitrate (0.35
mg/L).

Groundwater Nitrate Concentrations
The data summarized above indicate that significant increases in nitrate concentrations
have occurred throughout much of the Floridan Aquifer over the past five decades. A
series of maps, utilizing available well data reported by the water management districts,
FDEP, and the USGS throughout Florida, were prepared by Wetland Solutions
(unpublished data) to examine the extent of this problem. Figure 28 provides a
groundwater nitrate map for Florida for data collected between 2000 and 2004. Areas
colored blue are essentially at pre-development levels of nitrate (less than 0.1 mg/L) and
are characterized by minimal aquifer vulnerability (presence of adequate confining
layers above the Floridan Aquifer) or the presence of relatively unaltered forest lands
and wetlands. Green areas generally correspond to areas where the groundwater nitrate
concentration is close to or above the proposed springs water quality protection
criterion. The color shades from yellow through red represent areas where nitrate
concentrations in the aquifer are well above levels that cause impairment in springs and
other surface water bodies.
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FIGURE 28

Groundwater nitrate concentrations measured between 2000 and 2004 for the state of Florida. The colored legend on
the right refers to concentrations of nitrate nitrogen in units of mg/L (parts per million). All colored areas other than blue
indicate anthropogenic pollution of the Floridan aquifer system. The inset provides a blowup of the area of the Santa
Fe Springshed discussed in this report. All reported groundwater and springs vent data are included but the majority of
the data are from Floridan aquifer wells. Source: Wetland Solutions, Inc. (unpublished data).

Nutrient Sources
In 2008 the Florida Department of Environmental Protection issued a Total Maximum
Daily Load (TMDL) analysis to respond to observed nitrate nitrogen pollution in the
Middle Suwannee River and the Lower Santa Fe River (FDEP 2008). A Basin
Management Action Plan (BMAP) is currently being developed by FDEP to implement
this TMDL. DEP’s TMDL report quantified the nitrogen sources affecting water quality
in the Santa Fe River (Figure 29). The total estimated nitrogen load for the Santa Fe River
from surface and groundwater sources was estimated by FDEP as about 21,000 tons per
year, dominated by the following sources: fertilizer (48 percent), atmospheric inputs (18
percent), beef cattle production (15 percent), dairy (12 percent), and municipal and onsite wastewater disposal practices (9 percent). The reader should note that the basin
boundary and methodology that FDEP used for this analysis is different from the
nitrogen load estimates provided by MACTECH described below.
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FIGURE 29

Estimated annual nonpoint source nitrogen inputs for the Santa Fe River watershed were about 20,972 tons per year
based on 2007 data. Fertilizer was estimated to be the largest external nitrogen source to the basin at 48 %.
Agricultural inputs from livestock (dairy, beef cattle, and poultry were the next largest source of nitrogen at 29.1 %.
Atmospheric inputs from precipitation and dry-fall were the next largest source at 18 %, followed by contributions from
human wastes (9.3 % from about 11,600 septic tanks). Source FDEP 2008.

Atmospheric Loads
For thousands of years the human population in Florida was likely less than one million,
and there was no production of synthetic fertilizers or accumulations of large numbers
of people or their domestic animals. Based on the best available data from this “predevelopment” period the nitrate nitrogen concentration in Florida’s springs was less
than 0.05 mg/L. The largest source of total nitrogen to the surface of the earth during
that period was likely from the atmosphere (nitrogen fixation) and rainfall, assumed to
be about 6.3 lbs/ac/yr in the Santa Fe springshed (MACTEC 2010b). Based on this
assumed average nitrogen loading rate over the 1,775 square mile pre-development
springshed, the input of total nitrogen to the land surface was about 3,600 tons per year.
Assuming a spring baseflow of about 900 cfs at the US 47 station and a nitrate
concentration of about 0.05 mg/L during the predevelopment period, the estimated
historic nitrate load reaching the springs was about 44 tons per year. These estimates
indicate that the natural chemical and biological processes occurring on the natural
landscape of Florida (in the absence of modern human populations and technology) are
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effective at reducing atmospheric nitrogen loads so that resulting nitrate nitrogen
concentrations in the groundwater were at trace levels.

Anthropogenic Loads
There have been a few efforts to-date to estimate the anthropogenic contributions of
nitrate nitrogen to the natural environment within the Santa Fe Springshed. FDEP (2008)
summarizes nitrogen loads to the entire Santa Fe River watershed in their Lower Santa
Fe TMDL report. For point sources FDEP estimated the nitrogen load of 5,050 tons per
year from a human-equivalent population of 775,093 that includes 354,268 people, 4,200
milk cows, 47,500 beef cows, and 6,465,663 poultry. They estimated a non-point source
nitrogen contribution of about 20,972 tons per year. Their estimated combined nitrogen
load from point sources (humans and confined animals) and non-point sources is about
26,000 tons per year. All of these nitrogen sources receive considerable attenuation prior
to the entry of this wastewater and stormwater into the underlying Floridan aquifer.
MACTEC (2010) is currently preparing an assessment of nitrogen sources and loads to
the groundwater in the Santa Fe Springshed for ACEPD. The contribution area for this
study includes about 860 square miles where surface activities impact underlying
groundwater. Whereas FDEPs load calculations for the Santa Fe River TMDL and
BMAP cover about 1,690 square miles of surface water drainage basins which contribute
surface waters to the Santa Fe River.
Table 9 provides a summary of MACTEC’s preliminary estimated nitrate nitrogen loads
from the major contributing sources. Pasture is estimated to contribute 680 tons per year
(42 percent). Septic was estimated to contribute 278 tons per year (17 percent). Field
crops, sod, and nurseries are estimated to contribute a nitrogen load of 246 tons per year
(15 percent), followed by tree plantations at 222 tons per year (14 percent), residential
(114 tons per year – 7 percent), and others at 60 tons per year. MACTEC (2010) did not
estimate atmospheric nitrogen loads separately from these land use categories.

Fertilizer
Annual average fertilizer nitrogen applications in the Santa Fe Springshed were
independently estimated for this report based on the percent of the springshed occupied
by each county multiplied by the average fertilizer sold in that county published by the
Florida Department of Agricultural and Consumer Services (DACS). Table 10
summarizes the resulting estimates for nitrogen fertilizer applications for two time
periods, representing the past two decades. Total estimated fertilizer nitrogen
applications declined from about 4,744 tons during the period from 1997 through 2000,
to 3,979 tons for the most recent decade (2001 through 2010). Comparing these data with
MACTEC’s estimated total fertilizer nitrogen reaching the aquifer (approximately 1,260
tons per year) indicates that about 70 to 75 percent of the applied nitrogen is lost to plant
uptake and denitrification.
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TABLE 9

Summary of estimated nitrate nitrogen sources to the groundwater within the Santa Fe Springshed. Pasture and other
agricultural and forestry practices were estimated to contribute about 1,154 tons of nitrogen per year or 72 percent of
the total controllable nitrate load to the groundwater. CAFO indicates confined animal feeding operations. Source
MACTEC 2010.
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TABLE 10

Summary of fertilizer sales (as total nitrogen) in the Santa Fe Springshed for the two most recent decades.
Approximately 51 percent of this fertilizer was sold and presumed to be applied in Alachua County. The next highest
percentages were Gilchrist (22 percent), Union (14 percent), and Bradford (6 percent).

1

County
Alachua
Bradford
Clay
Columbia
Gilchrist
Levy
Marion
Putnam
Union
Total

Average Annual Fetilizer Use in the Santa Fe
1
Basin (Tons N)
July 1997- June 2000 July 2000- June 2010
2551.6
1929.9
262.7
261.4
20.4
19.4
121.0
103.3
835.3
1112.1
179.8
131.6
0.71
0.64
3.3
3.7
769.4
417.5
4744
3979

% of
Fertilizer
Load
51%
6.0%
0.46%
2.6%
22%
3.6%
0.015%
0.080%
14%
100%

Fertilizer sold in the county was assumed to be applied in the county based
on the proportion of the county in the Springshed
Data source: Florida Department of Agriculture and Consumer Services
Septic Tanks
Available estimates of the total number of septic tanks that occur in the Santa Fe
Springshed vary. MACTEC (2010a) estimated 40,000 while FDEP (2008) estimated only
11,684 in the entire Santa Fe River watershed (about 1,400 square miles). MACTEC
(2010) estimated average nitrogen loads from septic tanks at about 14 lbs/yr to the
groundwater under the drain field. The fraction of this nitrate that makes its way into
the Upper Floridan aquifer is variable depending on biochemical transformations and
aquifer vulnerability (degree of confinement). In confined areas it can be assumed that
essentially none of this nitrogen finds its way into the Floridan aquifer. In unconfined
areas, it can be assumed that about 80 percent or 29 pounds per septic tank per year
actually contributes to groundwater pollution (MACTEC 2010b). MACTEC (2010a)
estimated a total septic tank nitrogen load of 276 tons per year (17 percent of the total).

Wastewater Treatment Facilities
A total of 55 permitted wastewater disposal facilities are listed in FDEP’s TMDL report
for the Lower Santa Fe River Basin (Figure 30). However, many of these facilities are no
longer operational and are not within the springshed of the lower Santa Fe springs.
MACTEC (2010) estimated that the wastewater nitrogen load to the groundwater within
the springshed was about 14.4 tons per year.
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The Alachua County Environmental Protection Department (ACEPD) has provided an
inventory of permitted wastewater disposal facilities in the county (ACEPD 2011).
Estimated nitrogen loads discharged from those facilities were estimated by ACEPD at
154 tons per year. Figure 31 provides examples of groundwater nitrate nitrogen levels
measured at four of the Alachua County effluent disposal systems. Three of these
systems utilize sprayfields for discharge while one uses rapid infiltration basins. All of
these facilities have groundwater nitrate levels in one or more wells in the range of 1 to
10 mg/L or higher. Eight of the Alachua County municipal wastewater treatment
facilities also dispose a portion of their nitrogen load in biosolids. An average of 3,320
dry tons of biosolids was disposed of in Alachua County by land spreading in 2008 and
2009.
There is considerable uncertainty involved in estimating groundwater nitrate loading
from municipal and on-site wastewater disposal systems. . Soil storage, biochemical
transformations, rainfall patterns, antecedent conditions and land uses and other factors
make estimating loadings difficult.

Animal Feeding Operations
For the entire Santa Fe River watershed, FDEP (2008) estimated that there were about
51,700 beef cattle and dairy cows and over 6 million poultry for a combined nitrogen
load of about 3,300 tons per year. Based on the average of about 9.8 pounds of N per
person per year used by FDEP (2008) this is equivalent to the estimated total nitrogen
load of about 670,000 people.
The manure resulting from confined animal feeding operations (primarily dairies and
poultry farms) is considered to be a valuable resource by many farmers and land
applied as an alternative to crop fertilization. MACTEC (2010) estimated the combined
nitrogen load from pastures and confined animal feeding operations (CAFOs) as about
686 tons per year.

Nitrate Mass Balance
MACTEC (2010) estimated a nitrate nitrogen load to the groundwater in the Santa Fe
Springshed of about 1,600 tons per year. Independent estimates made for this report
generally confirm this nitrogen loading rate. The water quality data collected for the
springs and river indicate that some of this estimated nitrate load that enters the
groundwater is being attenuated, possibly by aquifer denitrification. The nitrate load
estimated earlier in this report for the springs and in the river at the downstream end of
the Santa Fe Springshed (817 tons per year) is lower than these estimates by about 50 to
60 percent. For comparison, the estimated historic (more than 50 to 70 years ago) nitrate
load in the Santa Fe Springs was probably less than 50 tons per year.
Nitrate in groundwater is relatively conservative and mobile since it is highly soluble in
water, it does not sorb onto soil or rock surfaces, and there is generally very limited
biological activity in groundwater. The only known biochemical process that is thought
to attenuate nitrate once it enters the groundwater is denitrification. Denitrification is a
metabolic process where certain species of bacteria utilize the oxygen in the nitrate
molecule as an electron acceptor for their metabolic use of organic matter. Denitrification
typically occurs under a specific combination of environmental conditions that include:
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1) the presence of nitrate, 2) the absence of dissolved oxygen, and 3) the presence of
dissolved organic matter.
The degree to which groundwater nitrate is attenuated varies with the source of the
nitrate and the specific aquifer conditions concerning the presence of dissolved oxygen
and organic matter. Higher rates of groundwater denitrification are expected when the
water source carrying the nitrogen also carries a load of dissolved organic matter (e.g.,
domestic, municipal, and livestock wastewater sources). Less denitrification is expected
for fertilizer nitrogen inputs that do not include significant quantities of dissolved
organic matter. But for any source of nitrate input to the groundwater, once organic
matter is fully utilized, additional denitrification is not likely. For this reason it is
generally assumed that all nitrate sources in a springshed, near or far from the spring
outlet, contribute to contamination at the spring and that all sources need as much
control as possible. As more information about groundwater denitrification is
developed, it may be possible to prioritize and target specific nitrogen sources to most
cost-effectively reduce loads affecting adjacent springs.
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FIGURE 30

Municipal, agricultural, commercial, and industrial wastewater facilities within the Santa Fe River watershed. A total of
55 wastewater treatment and disposal sites were located in this area by FDEP in their 2008 TMDL study. The majority
of these facilities discharge their treated effluent to the groundwater via sprayfields or rapid infiltration basins. Source:
FDEP 2008.
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TABLE 11

Estimated average nutrient loading rates from 18 permitted wastewater treatment and disposal facilities in Alachua
County in 2008 and 2009. The total estimated nitrogen load discharged to the environment is estimated as 154 tons
per year. Source ACEPD 2011
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FIGURE 31

Groundwater nitrate nitrogen data from a selection of municipal wastewater land application facilities in Alachua County for the period from 2005 through 2009. Alachua, High
Springs, and Newberry utilize sprayfield for effluent disposal. Hawthorne utilizes a rapid infiltration basin for their effluent disposal. Background wells (assumed to be upgradient)
are labeled as MWB. Note that all of these disposal systems commonly have nitrate concentrations in some wells between 2 and 10 mg/L. The City of Alachua wells are also
thought to be influenced from relic nitrate pollution from an adjacent property that was once a meat processing facility. Source ACEPD 2011.
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Recreational and Economic Resources - A
North-Central Florida Playground
The springs along the Santa Fe River and their sister springs on the Ichetucknee and the
Suwannee, a total of over 200 major springs, form the Springs Heartland – literally the
heart and lifeblood of all of north-central Florida. Local residents flock to the springs on
weekends throughout the long hot and humid summer months. Tubers never tire of
riding the current resulting from the springs’ perpetual flows. Fishermen explore the
transparent spring runs and river throughout the year to tackle their easily visible prey.
Cave divers from more than 40 countries around the world return time after time to
explore the springs – portals into the adrenaline-inducing magical darkness of the
limestone aquifer. Kayakers and canoeists embark on daytime and moonlit night trips
along the Santa Fe River with important stops at the clear springs – strung like pearls
along the dark strand of the river. Campers come from throughout Florida and adjacent
states to build bonfires and listen to night owls in the dense woods surrounding the
translucent springs. Economies near and far are dependent upon flowing, pure, healthy
springs and the river that they feed.
Without springs there is no opportunity for groundwater to supply water to surface
water environments in this karst region. Without surface water systems, this part of
Florida would become a dry, barren land. Non-irrigated uplands with lowered
groundwater tables will not support forested plant communities but rather will
transition to dry grasslands seasonally burnt by wildfires. Today’s farming and timber
production practices could only be continued by unsustainable “mining” of the
remaining Floridan aquifer system, similar to what is occurring throughout the drier
western portions of the U.S. The forest, wetlands, lakes, and rivers would vanish along
with the diverse wildlife dependent upon them. The economy of north-central Florida
would wither like the last plants and animals that had lived in the former springs, now
sinkholes.
This section of the Santa Fe Springs Restoration Plan briefly summarizes the economies
in north central Florida that are dependent upon the Santa Fe River, its associated
springs, and the groundwater they are totally dependent upon.

Public Land and Facilities
Approximately one million people live in the nine counties (Alachua, Bradford,
Gilchrist, Union, Columbia, Levy, Clay, Putnam, and Marion) surrounding the Santa Fe
River and its groundwater recharge area. All of these residents are dependent on the
same water sources as the springs and river – the Floridan aquifer system. With the
exception of the Santa Fe River itself and its springs, there are no reliable alternative
surface water supplies available in this area. At current use rates the residents of the
seven counties that comprise about 98 percent of the springshed pump about 181 million
gallons of water per day. Public utilities utilize large wells to supply water to the
majority of the people, while the rest rely on private wells.
Just as these public utilities are dependent on groundwater, so are their natural lands
and resources. Public lands (local and state parks, state forests, and conservation lands)
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occupy about x percent of this seven county area and all are dependent upon adequate
water to achieve their management goals (Figure 32).
Public facilities such as Alachua County’s Poe Springs Park (over 8,000 visitors in 2009
according to Alachua County Parks and Recreation Department), the US 27 and US 441
public boat ramps, Gilchrist County’s US 47 boat ramp and park south of Fort White,
DEP’s River Rise State Preserve, and land belonging to the Suwannee River Water
Management District along the Santa Fe River, are public property and would lose much
or all of their value to the public if the springs and the river did not flow or became
highly polluted.
In the mid 1940’s Poe Springs was a commercial recreation site with bathhouses, a
refreshment stand, picnic facility and the spring was enclosed with a board and sheetmetal wall. It was privately owned until 1985 when the initial 75 acres was purchased
with a federal grant from the land and water conservation fund. In 1986 the county
purchased an additional 122 acres using grant funds. In 1988 the SRWMD purchased 87
acres of the floodplain and leased it back to the county with the requirement of a
management plan (first one was done in 1999, updated in 2004). The goal of the
management plan was to design, develop and manage the resource-based park for the
purpose of natural system restoration, conservation and education. The management
efforts center on maintaining the natural beauty of the spring, Santa Fe River and
surrounding land by monitoring and controlling the amount, location and type of public
access in the park. In 1987 the county got a permit to dredge the spring boil from a
depth of 12 feet to 25 feet. An archeologist was present to sort through the material
being removed. Between the dredge and crane, 87 cubic yards of material was removed.
Other than sand, most of the material were trees and leaves some construction debris
from the old structures, some broken glass and lead bullets. In 1991 the county finished
construction and opened the park at a cost of approximately 2 million dollars.

Private Facilities
Agricultural users pump an estimated 72 million gallons per day or 40 percent of the
total estimated groundwater withdrawals in the Santa Fe Springshed (Marella 2009).
Much of the agricultural economy of this area is directly dependent upon irrigation
using groundwater that would otherwise feed the springs and river. Much of this
farmland is not suited to growing high-cash crops without irrigation. Nevertheless, if
the region’s springs are to be fully restored, some agricultural producers in this area will
need to shift to more suitable crops such as managed forests. Monetary incentives in the
form of conservation subsidies will be needed to compensate these producers for the
reduced economic return of these less water intensive, more protective practices.
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FIGURE 32

Conservation lands located within and adjacent to the Santa Fe River watershed. A total of x acres are indicated on
this figure. All of these areas are dependent to some extent on adequate groundwater levels. Source: ACEPD 2007.

Many private businesses are directly or indirectly dependent upon the health of the
springs and the Santa Fe River. A sampling of the local businesses and their estimated
annual gross income totals more than $20 million per year as follows:
Directly Dependent upon Springs/River:
Private Springs – 260,000 people per year (estimated as $5,200,000)
Dive Shops/Outfitters – 10,000 people per year (estimated as $500,000)
Canoe/Kayak Outfitters – 15,000 people per year (estimated as $300,000)
Indirectly Dependent upon the Springs/River:
Local Businesses – 100,000 patrons per year (estimated as $3,000,000)
Local Lodging – 20,000 guests per year (estimated as $1,000,000)
Water Bottling Facilities – One existing and up to two additional (estimated as
more than $10,000,000)
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These estimates do not include the portion of the indirect economic benefits realized by
the rest of the urban centers (Gainesville, Lake City, Alachua, Newberry, etc.) who can
attribute at least part of their population and local expenditures to their proximity to the
Santa Fe River and its springs.

Socio-Cultural Services
The Santa Fe River and its springs are magical to many. Lily Spring and its caretaker
“Naked Ed” are a legend and provide important interpretation of the natural
environment to hundreds of visitors annually. Rum Island, Poe, Blue, Ginnie, and
Hornsby springs are part of the culture of thousands of local residents. They are the
essence of summer, they were their first swimming holes, their courting grounds, their
bellyflop contest sites, or their first Scuba and cave-diving experiences. Springs also
hold importance to religious rituals such as baptism services. They are full of memories
that are priceless.

Ecosystem Services
Natural environments such as springs and rivers provide a variety of services to
neighboring human populations. These services may include production of fish and
wildlife, water quality purification, enhancement of air quality, temperature
stabilization, recharge and maintenance of aquifers, and essential genetic diversity.
According to turtle expert Dr. Jerry Johnson, the Santa Fe River and its springs have one
of the most diverse and abundant turtle populations anywhere in the world. For
example, a distinct variant of the alligator snapping turtle only occurs in the Santa Fe
River drainage basin (Jerry Johnson personal communication).
Manatees use the Santa Fe River and its constant spring base flows as a warm water
refuge full of edible plants. Rare cave crayfish and shrimps live inside the largest spring
vents. Otters and beavers are abundant along the Santa Fe River and its springs. More
than 100 species of birds are regularly observed along the river. The value of these
natural resources/living plants and animals is not easily measured in terms of dollars
but is priceless to many of the people who regularly visit the Santa Fe River and its
springs and those who breath the local air and drink from its waters.
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Institutional Concerns - Optimizing Resource
Utilization
Legal and Regulatory Protections for the Santa Fe Springs
Although the Santa Fe River springs are stressed by increasing pollutant loads and
decreasing water supplies, their protection has not been ignored by policy-makers. In
fact, there is a bewildering array of Federal, State, and local laws and policies aimed,
directly or indirectly, at protecting groundwater, springs, and springsheds. Given the
continued degraded condition of these water resources, it is not surprising that with
each passing year additional protections are being considered and in some cases
implemented. Whether these existing and new protections will be adequate to reverse
the decline in the Santa Fe springs remains to be seen.
The strength and timing of these environmental protections vary significantly across
jurisdictions. For example, MFLs (Minimum Flows and Levels) are being developed
regionally by both the Suwannee River Water Management District (home of the Santa
Fe Springs) and the St. John’s River Water Management District. Coordination between
the two water management districts is improving as they work together with
stakeholders to create the North Florida Regional Groundwater Model
Protections at the county and municipal levels also vary widely, in part because of the
differing levels of their residents’ environmental activism but also because of variations
in their economies, demographics, and geology. Alachua County has long been a leader
in springs protection, even though a designated Groundwater and Springs Element was
not included in the Comprehensive Plan until 2011. Land development regulations and
ordinances protective of groundwater resources have been in place since 1988. The
County has conducted numerous studies including: tracer studies, springshed mapping,
and an aquifer vulnerability assessment that have all contributed to the understanding
of the Santa Fe River Springs. The County has been active with the Santa Fe River
Springs Basin Working Group since the group was formed in the late 1990s and has
coordinated the group since 2010. The more rural and agriculturally-based Columbia
and Gilchrist Counties have been slower to implement more stringent springs protection
measures.

Federal, State, and Regional Protections – Water Quality
The Santa Fe River was designated an “Outstanding Florida Water” in 1984 under
Florida Administrative Code Chapter 62-302. The quality of outstanding Florida waters
is meant to be “protected under all circumstances.”
In 2008 the Florida Department of Environmental Protection (FDEP) determined, under
the TMDL (total maximum daily load) requirements of the 1972 federal Clean Water Act
and the 1999 Florida Watershed Restoration Act that the Santa Fe River Basin was
impaired for nutrients and dissolved oxygen concentrations. FDEP adopted a nitrate
TMDL of 0.35 mg/L for the basin. According to FDEP, achieving the annual average
nitrate target will require that nitrate loads from nonpoint sources related to the Middle
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Suwannee, Lower Suwannee and Santa Fe rivers be reduced by 51%, 58% and 35%,
respectively.
A TMDL represents the maximum amount of a given pollutant that a water body can
assimilate and still meet water quality standards, including its applicable water quality
criteria and its designated uses. TMDLs are developed for water bodies that are verified
as not meeting their water quality standards and provide important water quality
restoration goals that will guide restoration activities.
The means of achieving the TMDL is a Basin Management Action Plan (BMAP) – a
restoration plan developed by FDEP and basin stakeholders that formalizes the activities
that will be implemented by the stakeholders to reduce the pollutant loads and achieve
the TMDL. Stakeholders in the Santa Fe River BMAP include the SRWMD, local
governments, agriculture and other businesses, environmental groups, out-of-town
visitors, and interested local citizens.
The Santa Fe River BMAP is in draft, with a target adoption date of early 2012. It will
differ from many other Florida BMAPs (e.g. the Orange Creek BMAP which includes
eastern Alachua County) because the Santa Fe basin is rural, agricultural, and lacking in
major point sources of pollution. As a result, restoration activities will need to be
conducted by many small diffuse sources that will be expected to reduce their emissions
primarily by adoption of best management practices (BMPs).
Compared to other Florida water bodies (e.g. Wekiva River, Wakulla River, Silver
Springs), sources of nutrient loading to the Santa Fe River and springs are not well
known. Therefore the BMAP will proceed in steps, with continuous monitoring,
research, and implementation to determine the most effective path forward. Initially,
urban and agricultural “focus areas” will be identified where groundwater testing
suggests that reductions can most easily be achieved. Sophisticated groundwater
sampling, including isotope studies, should prove useful both in identifying major
nitrate sources and in determining whether BMPs are indeed working. These steps are
critical in identifying and prioritizing sources. The Santa Fe River Basin Springs
Working Group should push for studies which are as robust and complete as possible to
identify and prioritize nitrogen sources as a critical first step in improving water quality.
Some of the BMAP restoration activities will occur in urban areas. Lake City has already
taken some useful steps, such as increasing reuse of wastewater and improving
stormwater infrastructure. Other improvements may be possible with respect to
wastewater treatment and disposal methods in some of the smaller towns in the region.
However, the majority of restoration will be through BMPs in a variety of agricultural
operations, including dairy, poultry, row crops, cow/calf, and nurseries. Adoption of
agricultural BMPs has been ongoing since 1999, using tools such as drop-pivot irrigation
systems, GPS systems for fertilization application, soil moisture sensors, weather
stations, plastic covers, fertilizer application equipment for side-dressing, cell phone
applications, and sod-based rotation. Agricultural BMPs have shown promising results
for reducing water use and nutrient loading. As the BMAP program progresses, it will
need to remain focused on the effectiveness of agricultural BMPs – that is, how quickly
their enhanced use leads to improvements in water quality in the Santa Fe basin and
whether agricultural BMPs by themselves will ever be able to effect TMDL compliance.
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Federal, State, and Regional Protections – Water Quantity
The SRWMD is responsible, through its Minimum Flows and Levels (MFL) program, to
ensure that there is enough water in the Floridan aquifer to protect the integrity of lakes,
streams, and springs in the District. MFLs are the minimum water levels or flows
necessary to prevent significant harm to the water resources or ecology of an area
resulting from water withdrawals permitted by the District. The establishment of MFLs
is required both by Florida statute. MFLs apply to decisions affecting water withdrawal
permits, declaration of water shortages, environmental resource permitting, and
assessment of water supply sources. The District is required to develop recovery or
prevention strategies in those cases where a water body currently does not or will not
meet an established MFL.
SRWMD will initiate rule-making for MFLs on the lower Santa Fe River in 2012. An
MFL study for the upper Santa Fe River – a basin shared by SJRWMD and SRWMD –
was completed in 2009 and demonstrated that future demands will result in the MFL not
being met. Also, regional draw-downs in the Floridan aquifer will become significantly
worse if new sources or modes of conservation are not developed to deal with future
demands. The two water districts are developing a regional water supply plan to define
and resolve water supply issues for the Upper Santa Fe Basin. The final plan will
provide a menu of options (e.g. conservation, water supply and development projects)
for local governments to consider.
Of course, the Floridan aquifer does not respect the boundaries of water management
districts, or even State lines. The SRWMD’s efforts to deal with MFLs on the lower Santa
Fe River will inevitably be affected by actions outside the district. For example, it is
estimated that more than 45 billion gallons of water are lost annually from the SRWMD
because of groundwater withdrawals in northeast Florida and southeast Georgia area
documented by Grubbs and Crandall (2007) and Grubbs (2011). These inter-District
transfers not only make sensible planning difficult, they can also cause acrimony and
interfere with regional water management cooperation.

County and Municipal Protections for Water Quality and
Quantity
Counties and municipalities have a number of legislative tools that can be used either to
protect or to compromise the health of springs and other water bodies. These tools
include comprehensive plans, zoning, land development regulations, and water quality
and lawn irrigation ordinances. Many of these tools – for instance regulations on
dumping of hazardous materials – have been on the books for years. On the other hand,
comprehensive springshed protection language, though adopted in a number of Florida
counties, has only recently captured the attention of elected officials in jurisdictions
affecting the Santa Fe River springs.
The county commissions of Columbia and Gilchrist Counties have not adopted springsspecific provisions, although there is increasing interest in considering springs
protection language for the Gilchrist comprehensive plan. Columbia County has
conducted an aquifer vulnerability assessment – an important first step. Neither county
has adopted a fertilizer ordinance, although urban fertilizer use is probably a very small
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part of the nitrogen budget in these predominantly rural, agricultural counties.
Columbia County has also developed a septic tank database – again a valuable first step
– and Gilchrist County is moving in that direction.
Alachua County has enacted more springs protection measures than other counties in
the region. For many years, the County’s comprehensive plan and land development
regulations have contained provisions which indirectly provided protections to the
Santa Fe springs. A map of aquifer high-recharge areas, along with protective measures
for these areas, became part of the comprehensive plan in 1988 and updated in 2008.
Much of the land bordering the Santa Fe River has been designated as part of the
County’s inventory of strategic ecosystems, which provides additional protections in a
number of areas such as upland development regulations and requirements of BMPs. In
addition, urban fertilizer and irrigation ordinances were adopted in the past two years.
Earlier this year, the Alachua County Commission approved a number of helpful
amendments to its comprehensive plan involving, among other things, encouragement
of Florida friendly landscaping and water conservation, provisions for low impact
development, and septic system standards. The County also adopted for the first time
an explicit springshed protection policy. Springshed protection areas will be identified
and regulations developed to protect them, with a focus on fertilizer use, septic systems,
reclaimed water and various prohibited activities. These springshed policies have been
translated into land development regulations, which will be subject to a public comment
period before they come before the County Commission for approval in early 2012.
As valuable as these Alachua County springs initiatives are, their impact is limited by a
number of factors. They do not apply to agriculture, except in their encouragement of
BMPs. Further, the proposed land development regulations will apply only to new
developments, not to existing properties. Finally, these new provisions will only affect
the unincorporated portions of the County. Each city in Alachua County (Gainesville,
High Springs, Alachua, and Newberry) will have to deal with these issues through their
own land development regulations or by adopting the county’s rules.
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Recommendations – Choosing an Optimistic
Future
Developing a Restoration Road Map
The Santa Fe River springs are suffering from the same stressors faced by the majority of
springs in Florida. They have lost from 30 to 50% of their historic flows due to increasing
rates of human consumption of groundwater resources and decreasing rainfall and they
have experienced between 300 to 3,500 percent increases in their ambient concentrations
of nitrate nitrogen. Since clean and abundant water is the lifeblood of these springs, they
are experiencing an overall decline in their environmental health. In addition to defining
these impairments, the goal of this Santa Fe Springs Restoration Plan is to recommend
specific steps that will need to be taken to reverse these trends. These actions will need
to include a buy-in by the stakeholders that these problems are important and can be
solved, voluntary actions to provide as much relief as possible, and strong enforcement
of existing laws that were intended to prevent these impacts in the first place. This
roadmap for specific restoration actions needs to be reviewed, revised, and adopted by
key decision-makers, both within and outside of the Santa Fe Springshed, to provide
ultimate restoration of these critical public resources. A prosperous economy and future
for the entire Springs Heartland area is dependent upon following this roadmap to its
destination.

Engaging the Stakeholders
The analyses summarized in this report indicate that all residents in the seven counties
included in the study area share some responsibility for the problems facing the Santa Fe
River springs. In terms of water withdrawals, the area of impact extends from the Santa
Fe River all of the way to Nassau and Duval Counties in northeast Florida. Greatest
impacts on groundwater quantity occur where pumping is greatest, typically located in
areas with the highest population density and the most intensive farming practices.
Highest nitrogen loads result where two factors intersect: fertilization and/or
wastewater disposal are high and the aquifer is most vulnerable to surface land
use/land cover practices. Stakeholder education of the issues and necessary steps for
springs’ protection are essential for successful restoration of the Santa Fe springs.

Education Initiatives
The results summarized in this Santa Fe Springs Restoration Plan are by necessity based
on best available data, science, and mathematics. They will not be easily understood by
all individuals who will be making personal and public decisions on behalf of springs’
restoration. For this reason it is essential that this information be re-packaged in a
variety of forms that are designed to be most useful for specific audiences. The following
versions of this restoration plan are anticipated to assist with a community-wide
educational process:


Detailed Restoration Plan (this document) is intended for the most technical
audiences who wish to check and verify the quality of the basis for
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understanding these impairments and how that science might be refined to
indicate revisions in the overall restoration plan. This process of adaptive
management is dependent upon enhanced and continuing monitoring of the
resource.


Executive Summary (Restoration Action Plan). The summary at the beginning of
this report will be re-packaged and issued as a stand-alone document. The
purpose of this summary is to synthesize the essential facts concerning the
severity of impairments and the specific restoration actions needed to reverse
those factors that are within human control.



News Releases. News releases, opinion pieces, and short articles will be prepared
for local and regional newspapers, magazines, radio stations, and television
networks. These statements will provide the essential facts in a format free of
jargon and with attached simplifying illustrations.



Power Point Presentations. The information included in this report will be
packaged as one or more Power Point presentations targeted at specific
audiences such as elected officials, homeowners, farmers, and garden/civic
groups.

Regulatory Assistance
Key governmental entities have direct regulatory control over these human populations
and their water use and polluting activities. The local, state, and federal agencies who
can directly affect the future health of the Santa Fe River springs include:


City governments (especially Gainesville, Alachua, Jacksonville, etc.)



County governments (especially Alachua, Columbia, Gilchrist, Duval, etc.)



Florida Department of Agricultural and Community Services



Suwannee River Water Management District



St. Johns River Water Management District



Florida Department of Environmental Protection



Florida Legislature



U.S. Environmental Protection Agency



U.S. Fish and Wildlife Service



U.S. Natural Resources Conservation Service



U.S. Army Corps of Engineers

The first step along the roadmap will be to present the findings and recommendations of
this Santa Fe Springs Restoration Plan to each of these organizations and encourage
enforcement of existing laws and regulations needed to protect this valuable public
resource and to gain their support of this document.
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Funding Strategies
Many of the actions that are essential for springs’ restoration are free. This is because
they entail the elimination of some activity that results in excessive and wasteful water
consumption or nitrate pollution. Thus there can be cost savings in addition to the
economic benefits that result from restored springs. However some of the actions in this
restoration plan will cost money to implement. Cost savings and expenditures for the
Santa Fe Restoration Plan will be made based on the recommended actions. Once these
costs are determined it is expected that the cost per person will be minimal. Since
everyone living and working in north central Florida is at least part of the problem,
everyone should be part of the effort needed to turn around the continuing decline of
the area’s springs and groundwater resources. This recovery is long overdue. The
benefits of preserving our precious springs to maintain a vibrant economy are clear. The
time for action is now.
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