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Executive Summary

Volusia Blue Spring was chosen for this Spring Restoration Plan out of favoritism of the
author. The spring is located in Volusia County, Florida and is located in Blue Spring
State Park. Some of the earliest written accounts of the spring date back to 1766 when
English botanist John Bartram explored the area and the adjoining St. John's River. This
first magnitude spring discharges into a spring run that empties into the St. John's, a
river that flows north, eventually meeting the Atlantic Ocean.

Besides being a winter warm-water refuge for manatees, the spring provides numerous
recreation opportunities for humans. Camping, wildlife viewing, swimming, and
canoeing are among the top activities.

Although the spring is not heavily polluted, it does have its own set of issues. Compared
to other Florida springs, the spring is characterized by very low dissolved oxygen
concentrations in the boll, relatively high salt content, and typical total nitrogen and total
phosphorous nutrient levels.

The spring has also benefited from fairly constant long-term discharge levels of 157 cfs
over the date range of 1932 to 2005. The springshed is approximately 130 square
miles, and covers parts of both Volusia and Lake Counties, and areas on the west and
east banks of the St. John's River. The springshed is also heavily developed, with over
75% of the land area going to urban development (residential, commercial, and industrial
uses). Approximately 15% of the land area is devoted to agricultural uses. This is in
stark contrast to a historical land use consisting of approximately 85%-90% undeveloped
land.

Due to the intense land use in the springshed, it has a 12.68 billion cubic foot deficit of
water from rainfall due to both runoff and evapotranspiration. For domestic water use,
predominantly used from aquifer water sources (domestic water supply, irrigation, and
industry), the deficit is 15 million gallons per day due to runoff and improper storage of
water resources.

Biology of the aquatic and terrestrial realms is characterized by native flora and fauna.
The fauna are dominated by fish (typically bluegill, warmouth, and catfish) and manatee.
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The flora are dominated by oak and palm trees outside the water and periphyton and
aquatic macrophytes in the water. The manatee use the spring as a winter warm-water
refuge due to the relatively warm water of 72 degrees F. Manatees need water warmer
than about 63 degrees F in order to survive, so making it to the spring run each winter is
crucial to the species’ survival.

The spring has typical nitrogen (TN) and phosphorous (TP) levels as compared to other
Florida springs. What is atypical is the low level of dissolved oxygen (DO) at the boil and
the relatively high salt content.

Threats to the springshed and spring itself are: Loss of flows due to loss of recharge into
the springshed; Increased saltwater intrusion, potentially related to the reduced flows;
Impacts of humans and manatees on SAV; and Nitrate levels related to activities within
the springshed.

These threats can be mitigated by a combination of solutions ranging from: increased
recharge areas throughout the springshed by reducing impervious surface areas through
a combination of regulations and cost-saving measures; constructing pocket wetlands in
rights-of-way; installing aquatic fencing at strategic locations within the spring run to
protect SAV from humans and manatees; continued protection of manatees during their
winter migration and nesting grounds; and educating farmers about the impacts of over
fertilizing and watering crops

It will take at least 5 years for the SAV to begin to show signs of improvement and even
more time for the flows to increase as a result of the springshed development activities.
Costs should be minimal, with funds coming from operating budgets and implementation
of new development rules and regulations that result in less demand on the stormwater
transportation and treatment systems.

Introduction to the Spring

Purpose

The purpose of this project is to identify the current spring ecological conditions and
identify any threats to the spring or springshed. Furthermore, the task is to devise a plan
to alleviate these threats and to provide a plan for restoration of the spring to its most
natural condition prior to development within the springshed.

Location

Volusia Blue Spring is located in Volusia County, Florida, west of the town of Orange
City. The spring and surrounding lands are owned by the public, the taxpayers of the
State of Florida, as it is located within Blue Spring State State Park. Its coordinates are:
Latitude 28%56'50.94" N, Longitude 81220'22.52" W. The spring run empties into the St.
John's River, a river that flows north from Brevard County wetlands to its mouth at the
Atlantic Ocean near Jacksonville. It is a first-magnitude spring with flows over 100 cfs
for the long term (1932 — 2005).

Van Alstyne, Page 4 of 18



Coqrse: ENV 6932K - Fall 2010, EDGE Author: Lewis Van Alstyne I
Spring Ecosystems

Instructor: Dr. B. Knight (0536-4750)
Assignment: Semester Project Date: 2 December 2010

Why Volusia Blue?

This particular spring was selected because it is the author's favorite childhood summer
swimming hole. He has been to the spring an innumerable amount of times and would
kneeboard, tube, or water ski while boating on the way to the spring two or three times a
week during the summers of his youth. He's had many good memories there of
swimming in the spring run and trying to swim down the boil with just fins and a mask.
He remembers he and his friends challenging each other to swim down to the large
fallen tree that lies across the bottom of the boil. And along the spring run, there are
many other fallen trees that make great places to stand and rest along the swim.

Spring Uses

Volusia Blue Spring is open year-round to visitors, although the waters are closed to
human activities from November to March to allow peaceful refuge for manatees. The
West Indian manatee use the spring run as a winter warm-water refuge. When open to
human activities, people use the spring for swimming, snorkeling, SCUBA diving, tubing,
and canoeing. The State park surrounding the spring is used for other activities
including biking, wildlife viewing, camping, picnicking, and hiking.

Summary of Spring Nutrient Levels

Compared to other Florida springs, the spring is characterized by very low dissolved
oxygen concentrations in the boil, relatively high salt content, and typical total nitrogen
(TN) and total phosphorous (TP) nutrient levels.

Spring Stats

Spring Flows

Volusia Blue Spring has benefited from fairly constant flow levels ranging from 63 to 218
cfs, with a long-term flow rate of 157 cfs over the date range of 1932 to 2005. It has
been said by Rouhani et al. (2006) that the water stage in the spring run is relative to the
water levels in the St. Johns River and not in the spring.

Springshed and Recharge Areas

The springshed recharge area was obtained from the United States Geological Survey
(USGS) Fact Sheet 2008-3035. The map is below.
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Figure # 1: Location of Blue Spring's Recharge Area

Figure 1. Location
of Blue Spring and
area contributing
recharge to the
spring. (The shaded
area delineates the
springshed and is
generalized from
Shoemaker and
others, 2004.)

The springshed lies in both Volusia and Lake counties and totals approximately 130
square miles. (Shoemaker, 2004). The St. Johns River is not part of the springshed
because of a confining layer below the river that allows the river to retain water. This is

the reason for the bisected springshed area.

An overlay of the recharge areas was interpolated on a Google street map in order to

identify political and transportation boundaries.
See below.
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Figure # 2: Location of Blue Spring's Recharge Area on political street map

Land Uses

The map was then changed to a satellte view, with the same recharge areas
highlighted. From the satellite map, you can see that most of the recharge area is
coincidentally within urban areas, noticeable by dense streets and residential areas.
This is more true for the east side of the St. Johns (Volusia County) than it is for the west
side of the St. Johns (Lake County) where the development is not as dense.

See the map on the next page.
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Potentiometric Map

A potentiometric map, with four springs (Silver Springs, Silver Glen Springs, Alexander
Springs, and Blue Spring) is shown below. Volusia Blue Spring is the southernmost
spring out of the four shown. (Shoemaker, 2004)

Figure #4 Potentiometric Map
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Rainfall and Domestic Water Uses

Rutledge (1985) states that in 1980, the approximate water uses for Volusia county as a
whole was 66 MGD, and they had the following divisions:

Domestic Water Supply: 46% or 30 MGD

Agricultural Irrigation: 36% or 24 MGD
Other Uses: 18% or 12 MGD
Total: 100% or 66 MGD

Although the data is from 1980 and is for the whole of Volusia County, let's assume that
it is accurate for 2010 for only the springshed due to increases in water use since 1980.
However, | would suggest that based on development within the last 30 years, the
division of water use within the springshed has the following new divisions of use:

Water Use Share of Water
Domestic Water Supply: 70% or 46 MGD
Agricultural Irrigation: 15% or 10 MGD
Other Uses (Industry): 15% or 10 MGD
Total: 100% or 66 MGD

Not all rain falling on the springshed makes it to the spring vent. Of the almost 15 billion
ft* of rain that typically falls on the springshed (assuming 50 inches of annual rainfall),
only about one-third is accounted for by spring discharge. About two-thirds of the rain
returns to the atmosphere by evapotranspiration (ET) before the rain seeps into the
Floridan aquifer system. (USGS 2008-3035)

Percent of
Rainfall Billion Springsheq
Water Use Recharged CE Use Deficit
to (billion CF)
Springshed
Urban Development (Res.
& Comm.) 10% 1.06 9.51
Agriculture 35% 0.79 1.47
Other Uses (Industry) 5% 0.04 0.72
Undeveloped 35% 0.53 0.98
Total: 2.42 12.68

Table # 1: Springshed Water Use (Rainfall) and Defi  cit

I would estimate that the amount of water that recharges into the spring's recharge area
is based on the rainfall infiltration and re-use from the domestic and agricultural uses. |
would estimate that a high amount of the domestic water use is recharged and that
number would be almost as high for agricultural use. Conversely, a low recharge rate is
anticipated for industrial uses.
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For domestic use, this assumes that private wells are predominantly used in conjunction
with septic tanks and most of the water used goes back into the ground. The remainder
is ET or runoff from yard irrigation and rainfall.

Agricultural uses would include more of a share for ET and runoff, but most of the water
would be recharged back into the springshed.

Industrial uses may discharge their water back to the sewer system or into surface body
waters.

Percent Springshed
Water Use Recht?)rged MGD Use Deficit
Springshed (bEin)
Domestic Water Supply 90% 42 5
Agricultural Irrigation 80% 8 2
Other Uses (Industry) 20% 2 8
Total: 51 15

Table # 2: Springshed water use (domestic and agric  ultural) and deficit.

In conclusion, the springshed has a 12.68 billion cubic foot deficit of water from rainfall
due to both runoff and evapotranspiration. For domestic water use, predominantly used
from aquifer water sources (domestic water supply, irrigation, and industry), the deficit is
15 million gallons per day due to runoff and improper storage of water resources.

Spring Biology

The spring is characterized by native flora and fauna. The fauna are dominated by fish
(typically bluegill, warmouth, and catfish) and manatee. The flora are dominated by oak
and palm trees outside the water and periphyton and aquatic macrophytes in the water.

Blue Spring is a designated manatee refuge. Each year, hundreds of manatees seek
the springrun for the relatively warm water of 72 degrees F. Manatees need water
warmer than about 63 degrees F in order to survive, so making it to the spring run each
winter is crucial to the species' survival.

Spring Nitrogen Loads

The estimate of the total fertilizer nitrogen inputs for Volusia County, Florida over the last
10 years is described in the graph below. The data was obtained from the Florida
Department of Agriculture, Bureau of Compliance Monitoring, Archive Fertilizer Tonnage
Data.
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Figure #5: Total nitrogen for Volusia County

The above graph accounts for nitrogen use as a fertilizer for all of Volusia County. It
does not account for fertilizers purchased, but not used, fertilizers purchased elsewhere
and used here, and fertilizers purchased during other time periods and then used at a
later time period. It also does not account for leaching from septic tanks, sewage; and
erosion of natural deposits.

| would estimate that the amount of nitrogen inputs that reach groundwater dependent
upon the recharge rate as described in the table below:

Water Use

Domestic Water Supply

Agricultural Irrigation

Other Uses (Industry)

Percent
Recharged
to
Springshed

Total:

Table # 3: Water Use compared to Nitrogen Inputs an  d Recharge Amounts
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Other Pollutant Loads

The spring has typical nitrogen (TN) and phosphorous (TP) levels as compared to other
Florida springs. What is atypical is the level of dissolved oxygen (DO) at the boil (an
average 0.65 mg/L), and the relatively high salt content (total dissolved solids [TDS] =
846 and specific conductance = 1,578 umhos/cm). As the water makes its way from the
boil downstream into the spring run, the DO increases significantly, but still not more
than the greater than 5.0 mg/L required for for Florida Class Il waterways. (Wetland
Solutions, 2006)

The dissolved solids are likely due to ancient seawater mixing with the recharge water in
the aquifer and exiting at the spring boil. The water has a salty taste to it and is not
suitable for drinking.

Human Impacts and Spring Structures

The spring was purchased by the State of Florida in 1973 and at that time the vegetation
in the area around the boil was worn down due to human impacts. See the photo below.
Since that time, wood boardwalks were constructed only around part of the boil, and
entering the water can only be done about 100 yards downstream of the boil at a branch
off the main boardwalk. Human impacts around the spring due to foot traffic, trails, and
general trampling of vegetation has been reduced and the vegetation has been able to
return.

Although the vegetation and area around the spring has improved since the 1970's,
recreation continues to be a threat to the spring due to trampling of submerged aquatic
vegetation (SAV).
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Figure # 6: Photographs of Volusia Blue Spring Boil in 1973 and afterward.

Spring Restoration Goals

Pollution Sources

As discussed in the previous section, the major pollutants in this spring are not the
typical nutrients of nitrogen and phosphorous. Although those pollutants are a concern,
they have not risen to levels that are as alarming as other springs in the State. Nitrate
levels have, however, risen slightly since the 1970's and need to be kept in check. The
major pollutants in this springshed are low levels of DO and high salt concentrations.

The low level of DO is of little concern for the purposes of this Report because the DO
increases along the spring run, as distance increases away from the spring boil.

It is unknown if the level of salt/chloride (NaCl) are related to activities within the
springshed, or if they are natural occurrences that would happen even without land
development in the recharge basin. There does appear to be a weak relationship
between spring discharge and chloride concentration as apparent from high chloride
concentrations during a period of low discharge during the 1990's. (USGS 2008-3035)
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This would make sense because if ancient seawater is at lower levels of the aquifer, it
would encounter less of a freshwater head during periods of low discharge, allowing
more seawater to mix with the lower levels of freshwater.

The concern then is broad-based in that the level of freshwater recharge needs to be
increased in the springshed. This can be in the form of rainwater and treated
wastewater.

Manatees

Blue Spring is a crucial warm-water refuge for manatees seeking water warmer than
about the 63 degrees F needed to survive. Since the springrun provides water at about
72 degrees F year-round, it gives the manatees the haven they need to survive the
winter.

To provide a safe warm water refuge for manatees during the winter season, the spring
and spring run is closed to all water related activities including swimming, snorkeling,
scuba diving and boating from November 15 through March 1. In addition to closing the
spring run, the St. John's River outside the spring is also affected. “Manatee Zones” are
provided for miles along the river, both north and south of the spring run. These zones
restrict boat traffic to idle speed to allow boaters to be more aware of slow-moving
manatees and to help avoid hitting them with the boat hulls and propellers.

These efforts have increased manatee populations from less than 60 individuals in the
1980's to near 300 individuals in recent winters. These efforts are a testament to how
human action can save a species from near extinction.

Although manatees have apparently bounced back, they still face the problem of not
enough aquatic vegetation within the spring run to feed on. The manatees have to go
into the colder St. John's River to feed.

Recreation

Human impacts on the spring have been reduced since the 1970's, when the State took
ownership of the spring and area around the spring. However, recreation continues to
be a threat to the spring due to trampling of submerged aquatic vegetation (SAV) and
stresses to native fish and animal species.

Summary of Threats

Loss of flows due to loss of recharge into the springshed

Increased saltwater intrusion, potentially related to the reduced flows
Impacts of humans and manatees on SAV

Nitrate levels related to activities within the springshed

Restored Condition

John Bartram, British botanist, visited Blue Spring as part of his St. John's River voyage
in 1766. Although the area was occupied by native Americans, this is the first recorded
image of the spring. It seems fitting that this earliest recorded history of the spring be
the goal for the restored condition of the spring. The spring is already protected by the
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laws governing State Parks and restoration is possible. The springshed is outside the
boundaries of the park system and comes under many different municipal jurisdictions.
It will need to be managed with the recharge of the aquifer in mind, and limiting nutrient
inflows. Although the springshed will never return to “pre-Bartram” conditions, there is a
chance that with the proper protocols and ecological management, the spring boil and
spring run can return to this 18™ Century condition.

Goal Pathways

Manatees and Recreation

Because the continued safe refuge for manatees is needed at the spring, the manatees
set the standards bar high in terms of spring health. In other words, if the spring water
quality (health) and quantity (flow) are in decline, it is likely that the manatee population
will reflect this trend.

Protection of the manatees within the spring run by limiting visitors and not allowing
water recreation during the November through March months is still recommended. As
is keeping the manatee zones in the St. John's River that restrict boat speed.

A new recommendation for improving the quality and quantity of submerged aquatic
vegetation is being made. Consider installing chain link fencing to keeps large alligators
out of the spring run during the swimming season and then removing or relocating the
fencing when the manatees need the spring in the winter. The fencing should be large
enough to allow for fish decent-sized fish to pass though at all times of the year. This
will provide a secondary benefit of providing fish habitat and undisturbed spawning
areas.

Fencing should also be provided as long-term barriers at certain bank areas to limit both
human and manatee access. The principal goal here is to allow the SAV to restore to
“pre-Bartram” levels within the fenced areas by removing the threats of manatee grazing
and human disturbance. The fencing can be removed and relocated to a more disturbed
area when the SAV begins to grow outside the boundaries of the fenced area.
Permanent floating buoys should be provided at the former fenced areas to limit human
disturbance.

Pollution Sources and Flow Levels

Flow levels can be increased to the spring by focusing on the springshed. Although the
springshed falls within two counties, and multiple cities, these municipalities can focus
on a common goal of improving the health of the aquifer, and thus, Blue Spring.

More water gardens and pocket wetlands should be incorporated into future
developments and considered for existing rights-of-ways. This can be done by reducing
impervious surface areas and draining existing impervious surfaces (stormwater runoff)
into these pocket wetlands. Reducing the amount of impervious surface area (from
roofs, driveways, parking lots, and roads) should be a goal anyways due to the heat-
island effect caused by these surfaces absorbing sunlight during the day and releasing it
at night.
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For nitrate pollution concerns, we need to educate farmers about the importance of not
using too much fertilizer and also the effect of wasting water. Wastewater plants may
require further treatment for nutrient removal prior to discharging into surface or
subsurface waters.

These many tasks will require input and collaboration from many different stakeholders;
from the general public, to local governments (public works, planning, and building
departments), to major agricultural farmers within the basin, and Blue Spring State Park
staff and management.

Continued Research and Monitoring

Evaluation of Success

To understand the scientific condition of the ecosystem, one needs to assess the
scientific data. So, continued and expanded periodic water sampling is highly
recommended in order to understand the health of the spring and springshed. Periodic
fish, vegetation, and manatee counts should be continued as well, so that these
indicators of overall spring health can be kept in check. Flora and fauna counts should
rise with the implementation of the protective fencing.

Spring flows should increase as compared to the historical trends due to the
implementation of pocket wetlands and regulations over the amount of impervious
surfaces at roofs, roads, driveways, and parking lots.

As a re-evaluation, it may not be necessary to keep the manatee zone open for such
long stretches of river during the summer months as it is during the peak of the manatee
season in the winter months. If manatees end up injured or killed from boats, then the
protocols will have to be put back in place and the public will need to be informed via
local news outlets.

Let's Talk Money

The funds for restoration should not be enormous. The cost of the chain link fencing
would come from the Park's annual operating or capital budget. The cost of
implementing pocket wetlands and water gardens should arrive from the savings in
water treatment costs and sewer transportation costs.

Let's Talk Time

The spring restoration project would take approximately five years in order for a
significant change to be noticeable. The increase in discharge rates will take
considerably longer due to the time it takes for the developments in the springshed to
take place (installation of new water gardens, reductions in impervious surfaces, etc.).
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