MIDDLE SUWANNEE RIVER
SPRINGS RESTORATION PLAN
EXECUTIVE SUMMARY

published march 2018

MIDDLE SUWANNEE RIVER SPRINGS
R E S TO R AT I O N P L A N

EXECUTIVE SUMMARY
TA B L E O F CO N T E N T S

3 INTRODUCTION TO SUWANNEE
RIVER SPRINGS

5 WHY SUWANNEE RIVER

SPRINGS ARE IMPORTANT

7 THREATS TO MIDDLE

		

SUWANNEE RIVER SPRINGS

8 MIDDLE SUWANNEE RIVER
BASIN LAND USE

9 GROUND WATER PUMPING
AND SPRING FLOWS

10 WATER QUALITY
13 HOLISTIC RESTORATION OF
THE MIDDLE SUWANNEE
RIVER SPRINGS

15 ACKNOWLEDGMENTS

		

INTRODUCTION TO SUWANNEE RIVER SPRINGS
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The Suwannee River is the second largest river in Florida with a historic average flow of about 9,743
cubic feet per second (cfs) or 6,294 million gallons per day (MGD). Arising from a surface drainage
area of about 9,930 square miles (mi2), the Suwannee’s headwaters and about two thirds of its drainage
area is in Southern Georgia, with the rest of the river located in North Florida.
MIDDLE SUWANNEE RIVER SPRINGS RESTORATION AREA
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In much of the Suwannee River Basin, river flow is
intimately linked to groundwater conditions. This is
evident in the middle and lower reaches of the river
and its main tributary, the Santa Fe River, where some
of the highest concentrations of springs in Florida
are located. During drought periods, the groundwater
inflow that sustains these springs supplies nearly all of
the flow in the river. The entire springshed currently
contributing groundwater flow to the Suwannee is
approximately 5,249 mi2, and includes portions of
thirteen Florida counties – Hamilton, Madison, Baker,
Suwannee, Union, Columbia, Bradford, Alachua,
Gilchrist, Dixie, Levy, Taylor, and Lafayette (88.3%)
– and portions of three South Georgia counties –
Echols, Lowndes, and Brooks (11.7%) (Figure 1).
There are an estimated 237 springs in the overall region
of hydrological influence. This is likely the highest
density of artesian springs in the world. Among those,
there are 15 first-magnitude springs (flow ≥ 100 cfs or
65 MGD).
Figure 1. Surface and ground watershed
basins and 2010 potentiometric surface of
the Floridan Aquifer for the Suwannee River
Springs Restoration Area.
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Figure 2. Springs included in the Middle Suwannee River Springs Restoration Focus Area.
This restoration plan focuses on the Middle Suwannee River and feeder springs – the reach extending
approximately 54 miles from River Mile 74 – at the confluence with the Santa Fe River south of Branford, and
extending upstream to River Mile 128 at the river’s confluence with the Withlacoochee River. The 59 named
springs along the Middle Suwannee River study area receive groundwater from a 1,100 mi2 springshed in
North Florida (Figure 2).
WH Y T HE S U WA N N E E R IV E R SPRI NGS ARE I M PORTANT
The Middle Suwannee River and underlying Upper
Floridan Aquifer are an important water resource in
this region of Florida. Freshwater flow in the Middle
Suwannee River helps maintain the proper balance
of freshwater and saltwater that sustains estuarine
life in the Gulf of Mexico near the mouth of the
Lower Suwannee River and mitigates salt water
intrusion upstream in the Lower Suwannee River
National Wildlife Refuge. The river also provides
numerous recreational opportunities and important
aesthetic benefits to the region. Groundwater from
the Upper Floridan Aquifer supplies all the water
for drinking, irrigation, and commercial uses by the
human population in the Middle Suwannee River
Basin.

The flow of water in the Middle Suwannee River
and its springs depends on the groundwater level
in the contiguous Upper Floridan Aquifer. When
groundwater levels are high relative to the river stage,
spring flows to the river are also high and the river
is sustained. As groundwater levels decline relative
to river stages, groundwater inflow to the river is
less and the flow in the river declines accordingly.
Groundwater levels depend on several factors:
rainfall that recharges the aquifer, the amount of
groundwater that is consumed for various human
uses, and river stage (for locations close to the river).
Because of these linkages between the river and the
Upper Floridan Aquifer, a thorough understanding of
their hydraulic interaction is essential for protecting

PAGE 5 | Middle Suwannee River Springs Restoration Plan, Executive Summary

the Middle Suwannee River Basin and assessing the
potential consequences of intensive development
projects on spring and river flows and water quality.
The Middle Suwannee River and springs are also
ecologically and economically significant. Eight
springs-based state and county parks are prominent
recreational draws along this stretch of the Suwannee
River (Figures 3 and 4). The Florida Suwannee River
Wilderness Trail includes the entire Middle Suwannee
River reach and provides paddling and camping
opportunities for the public at three river camp sites
(Dowling Park, Peacock Slough, and Adams Tract).
The Suwannee River and springs are at the center of
the rapidly-expanding nature-based tourism industry
of North Florida.

The University of Florida (UF) in cooperation with the
Fish & Wildlife Foundation of Florida, Inc., and Save
Our Suwannee, Inc., evaluated the direct and indirect
economic benefits and ecosystem services provided
by 15 public and private recreational springs in a ninecounty area of North Central Florida that included the
Santa Fe, Ichetucknee, and Suwannee rivers. Ten of
the spring sites are on public land with six in state parks
(Fanning, Ichetucknee, Lafayette Blue, Manatee, Troy,
and Wes Skiles Peacock) and four in county parks
(Hart, Little River, Poe, and Rum Island). The study
also included five privately owned spring sites (Blue
Grotto, Gilchrist Blue Springs, Devil’s Den, Ginnie
Springs, and Hornsby Springs). These springs are in a
study area that includes Alachua, Bradford, Columbia,
Dixie, Gilchrist, Lafayette, Levy, Suwannee, and
Union counties in Florida.

Figure 3. State parks and lands within Middle Suwannee River Focus Area (FDEP 2015).
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The UF study estimated gross regional product, employment, labor income, other property income, industry
output, and local/state and federal government tax revenues. Total recreational use at all spring sites was
estimated to average slightly over one million visitor days annually for the previous five years. The total
number of scuba diving visitor days was estimated at 57,000 annually with over 10,000 visitor days each at
Peacock Springs, Ginnie Springs, and Blue Grotto.
Average annual visitor spending in the study area attributed to springs recreation was estimated at $84 million,
including $45 million by non-local visitors. The estimated total annual economic contributions of recreational
spending (due to direct spending, supply chain activity and income re-spending) included the creation of 1,160
full-time and part-time jobs, labor income of $30 million, industry output (revenue) of $94 million, and a
value-added contribution to the gross domestic product of $53 million annually. Impacts to local and state
government revenues totaled $6.6 million and impacts to federal revenues were also $6.6 million.

Figure 4. Seasonality of monthly overnight and daily human use at Middle
Suwannee and North Withlacoochee River State Parks (FDEP data).
TH R EAT S TO THE MIDDLE SU WANNEE RI VER SPRI NGS
Ecological harm to the Middle Suwannee River and
springs has occurred due to excessive agricultural
groundwater extractions for crop irrigation, high rates
of fertilizer application, and the presence of numerous
animal waste disposal systems in the springshed.
Regional groundwater declines also affect this portion
of the Middle Suwannee through large industrial
and urban withdrawals near Perry, White Springs,
Jacksonville, and Gainesville. In addition to the
declining spring flows feeding the Suwannee River

and springs, agricultural land uses in the springshed
are contributing more than 5,500 tons each year of
nitrate-nitrogen to the underlying Floridan Aquifer.
This nitrate-contaminated groundwater is the sole
freshwater source for the hundreds of artesian springs
along the river. Rising nitrate-nitrogen concentrations
in these springs have created eutrophic (nutrientenriched) conditions throughout the study area and
have measurably altered native plant and wildlife
communities and human recreational aesthetics.
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THREATS: MIDDLE SUWANNEE RIVER BASIN LAND USE
The entire watershed that supplies surface and
groundwater to the Suwannee River in Georgia and
Florida is sparsely developed (Figure 5). Mapped 2010
land uses within the Middle Suwannee River Springshed
were forestry (46%), followed by agriculture and
rangeland (31%), water and wetlands (15%), and urban/
commercial (about 8%). Most of the contributing basin is
devoted to agriculture, particularly silviculture, row crops,
and pasture. Much of the forest area in the springshed
is dominated by managed pine plantations, including
pine mulch harvesting sites. Other agricultural land uses
include irrigated acreages for crops and related products
such as dairy, poultry, fruits, vegetables, and grains. As

agriculture has increased and intensified, so has the need
for irrigation, resulting in major water withdrawals across
South Georgia and North Florida. Population density
has remained low (rural) when compared to the rest of
Florida. Large population centers, such as Jacksonville
and Gainesville, along with the Interstate-75 corridor
including Lake City, have seen population increases
since the early 2000s. Rapid population growth outside
the springshed may have future impacts, and interbasin water transfers from the Suwannee River to South
Florida have long been suggested as one solution to
South Florida’s growing water crisis.

Figure 5. Land uses in the Middle Suwannee River Springshed (SRWMD 2010).
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T H R E AT S : G R O U N D WAT E R P U M P I N G A N D S P R I N G F LO W S
There are 2,994 water use permits in the region for a
total authorized average extraction rate of 282 MGD
(Figure 6). Most of these permits are for groundwater
pumping with average daily uses greater than 0.1
MGD. Smaller groundwater withdrawals (< than
100,000 gallons per day, classified as domestic selfsupply) do not require a permit and number in the tens
of thousands. Note the two locations of large water
use permits in Figure 6. PCS Phosphate in Hamilton
County and Buckeye Cellulose in Taylor County have
been the largest historic groundwater users. Even
though these uses are outside of the Middle Suwannee
Springshed, groundwater pumping impacts are regional
and changing water uses at these commercial sites
may be changing regional aquifer levels and spring
flows. This inventory does not include groundwater
withdrawals in the portion of the Suwannee River
Springshed that are in southeast Georgia.
Groundwater pumping is drawing down aquifer levels,
which may lead to dry wells, more sinkholes, saltwater
intrusion, lower spring flows, and reduced river
baseflows, which are dependent on springflow in the
middle and lower portions of the basin. Groundwater
flow in North Florida is defined by a divide in the
potentiometric surface (known as the northeastern
flow-line divide) that separates groundwater flowing
eastward toward the Atlantic Ocean from water
flowing westward toward the Suwannee River Basin.
Larger withdrawals from counties to the northeast of
the Suwannee River Basin (i.e., Duval and Nassau)
have lowered groundwater levels over a larger area
and shifted the divide westward, thus increasing the
groundwater contributing area (recharge area) for those
northeastern wells while decreasing the contributing
area to the Suwannee River Basin. As a result, when
there is rainfall and resulting recharge to the system, it
is shifted east towards Jacksonville and the St. Johns
River Basin.

Figure 6. Active consumptive use permits in the
Suwannee River springshed (WMD data 2015).
The Middle Suwannee River springs contribute a
significant amount of clear groundwater to the river.
The estimated average discharge from the 59 identified
springs in this river reach is about 878 cfs (567 MGD)
for the period from 1990 to present. Only 13 of the
springs have long-term flow records. Spring flows in
the Middle Suwannee Basin are roughly equivalent to
the increased flow measured between the Ellaville and
Branford gauging stations on the Suwannee River.
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T H R E AT S : WAT E R Q UA L I TY
Water quality is a primary concern in the Suwannee
River Basin due to both point and nonpoint sources
of pollutants. Activities associated with these point
and nonpoint sources contribute pollutant loading in
the basin. Point sources in the basin include permitted
facilities, such as industrial and domestic wastewater
facilities, concentrated animal feeding operations,
mining operations, pulp and paper mills, concrete
batch plants, petroleum cleanup sites, and stormwater
sewer system discharges. Point sources are required to
have discharge permits under the National Pollutant
Discharge Elimination System. The primary nonpoint
sources in the basin consist of runoff and recharge from
agricultural lands, including row and field croplands,
ranchland, animal operations, and silviculture.

Other nonpoint sources in the basin include onsite sewage
systems (i.e., septic tanks), atmospheric deposition, and
diffuse stormwater runoff from urban/suburban areas,
including industrial and residential land uses.
States are required to assess waterbodies to determine
whether they are meeting their designated uses and to
develop total maximum daily loads (TMDLs) of primary
pollutants for waterbodies that are impaired. The most
common TMDLs throughout the Suwannee River basin
are for nutrients and dissolved oxygen, followed by fecal
coliform bacteria. Additionally, Georgia has several
TMDLs for mercury contamination, which is due to
industrial point sources and acid deposition in the upper
portion of the Suwannee River Basin.

Figure 7. Commercial poultry and dairy farms located in the Middle Suwannee River Springshed.
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According to the Florida Department of Environmental
Protection (FDEP), nitrates are by far the biggest water
quality concern in the middle and lower portions of
the Suwannee River Basin. Fertilizer and animal waste
nitrogen sources placed on the land surface seep into
the groundwater and travel underground to the river
via spring flows (Figure 8). Total estimated nitrogen
from all nonpoint sources (fertilizers, animal wastes,
atmospheric deposition, and septic tanks) continues
to increase throughout the basin. Nitrates have been
monitored at the water quality monitoring site at
Branford, Florida, since 1954 (Figure 9), and the overall
trend is increasing despite the fact that the Suwannee

River was designated as an Outstanding Florida Water
in 1979. The area where the largest increase in nitrate
concentration occurs is a 38-mile segment of the Middle
Suwannee River from Dowling Park to Branford,
followed by inputs from the Santa Fe River to the
Lower Suwannee River. Agriculture is the dominant
land use in the basin and constitutes the largest load of
excess nutrients. High nutrient concentrations lead to
increases in periphyton biomass and extensive, frequent
algal blooms, which may deplete dissolved oxygen and
cause fish kills.

Figure 8. Typical nitrogen cycle in a mixed agricultural/urban landscape.
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Figure 9. Historic nitrate-nitrogen data from the Middle Suwannee River (OFW =
Outstanding Florida Water designation in 1979) (Hallas and Magley 2008).
Figure 10 summarizes the water and nitrogen budget
estimates for recent (2007-16) average conditions in the
Middle Suwannee River Springs Restoration Focus
Area. From the 1960s to 1970s, this river segment
may have gained some increased spring inflow due
to decreased rates of industrial groundwater pumping
at Buckeye Cellulose in Perry and at PCS Phosphate
in White Springs. Based on this analysis there is no
overall apparent change in river and spring flows in this
segment of the Suwannee River.
Nitrogen loads present in the Middle Suwannee River
and springs have increased markedly during the past 50
years. Nitrate-nitrogen concentrations at the Branford
station at the southern end of the Middle Suwannee
segment have increased from about 0.1 mg/L in the
1950s to a current average concentration of 0.84
mg/L. This observed concentration change indicates a
greater than 700% increase in nitrogen loads heading
downriver to the Gulf of Mexico. This nitrogen load
continues to increase as the Suwannee River flows

from Branford to the Gulf, picking up additional spring
inflows contaminated by high nitrate groundwater
from Fanning Springs, Manatee Springs, and the many
springs along the Santa Fe and Ichetucknee rivers. The
total average nitrogen load entering the Gulf of Mexico
at the mouth of the Suwannee River is about 5,500
tons-per-year.
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Figure 10. Estimated Middle Suwannee River Springshed water and nitrogen mass
budgets (2007-2016).

HOLISTIC RESTORATION OF THE MIDDLE SUWANNEE RIVER AND SPRINGS
In his book, Travels, early botanist and explorer William
Bartram observed the Suwannee River in the mid-1770s.
Bartram described the waters of the Little San Juan
River (Suwannee River) as extremely clear with plants
and fish easily visible. In the 1770s, the Suwannee River
was technically a spring run with more than 50% of its
average flow provided by groundwater. As groundwater
resources in and around the Suwannee River Basin have
been and continue to be overexploited, the clear, artesian
baseflows and water quality of the Suwannee and its
hundreds of springs are greatly diminished.
William Bartram’s Suwannee River of the 1770s presents
a vision of what the Suwannee River and its springs can be
again. This best-case scenario is to provide adequate and
clean groundwater to an otherwise untrammeled river to
rejuvenate its springs. The alternative to this vision is the
increasing reality of declining spring flows resulting in
the loss of water clarity, and wildlife and human habitat
values, along with increasing nitrate pollution that is

exacerbating plant community changes in the springs of
the Middle Suwannee River. Loss of these beautiful and
valuable natural habitats is the consequence of placing
a priority on short-term economic returns over a longterm vision of a more stable nature-based economy.
Florida’s legislative efforts to conserve and protect the
natural resources associated with the Middle Suwannee
River and springs include a TMDL evaluation for
the Santa Fe and Suwannee Rivers, establishment of
minimum flows and levels for the Suwannee River
and springs, and a draft Middle and Lower Suwannee
River Basin Management Action Plan (BMAP) to
implement the 2008 TMDL. This BMAP is currently
undergoing review and revision to fully comply with
legal requirements.
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Prior to publication of this report there has been limited success by water managers at the SRWMD or at the
FDEP to achieve comprehensive restoration of the Middle Suwannee River and springs. The Howard T. Odum
Florida Springs Institute (FSI) prepared this restoration plan to focus attention on the causes and solutions
for flow declines and nitrate contamination of the springs located in the Middle Suwannee River Springs
Restoration Focus Area. In quantitative terms, the vision for restored Middle Suwannee River and springs
includes the following general recommendations:
• Reduce regional groundwater extractions by 50 percent or more as needed to restore average spring
flows to 95 percent of their historic levels, and
• Reduce nitrogen loadings to the springshed from fertilizer and human/animal wastewater disposal
by 90 percent or more as needed to achieve the springs nitrate numerical standard of 0.35 mg/L.
PHOTO © SAMI KATTAN

The preliminary water quantity restoration goal for
the Middle Suwannee River and springs is to reduce
groundwater pumping throughout the Suwannee River
Springshed by 10 MGD. In addition, another 50 MGD
of reduced pumping will need to occur regionally.
These reductions should be based on a springshed-wide
assessment of groundwater use priorities.
The FDEP target for average nitrate-nitrogen
concentrations in the Middle Suwannee River and
springs is 0.35 mg/L. Total nitrogen loading to the
springshed was estimated by FDEP to be about 15,258
tons/yr, with nearly 2,000 tons per year reaching the
groundwater in the Floridan Aquifer and discharging
from the springs. The 90 percent total nitrogen reduction
goal for applied agricultural fertilizer equates to a
reduction of about 5,640 tons/yr, and about 5,550 tons/
yr for livestock wastewater pollution.

Groundwater is one of the most important natural
resources in Florida. As evidenced by the deteriorating
water quality of the Middle Suwannee River and
springs, North Florida’s groundwater resources are on
a declining trajectory. Fortunately, as long as it rains,
groundwater is a renewable resource. Hope for the future
health of the Middle Suwannee River and springs, and
for Florida’s springs in general, is in the hands of people
who have learned to appreciate their unique values.
In summary, this Middle Suwannee Springs Restoration
Plan recommends realistic but stringent groundwater
pumping and nitrogen reduction measures. Restoration
goals described above will require a shift from focusing
on the short-term needs of individuals and businesses to
a long-term emphasis on conservation and protection of
clean and abundant groundwater for the future.
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ABOUT US
The Florida Springs Institute is working to create a permanent research center focused on springs and aquatic
ecology, and education at a major Florida spring. In the meantime, we are devoting our time and energy to developing
restoration and management goals for as many springs as possible, and providing sound science for their protection
and restoration.
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