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INTRODUCTION

1.1 BACKGROUND

The Floridan aquifer, underlying most of Florida and parts of Alabama, Georgia and South Carolina, is
one of the most productive, but least understood, aquifer systems in the world. This is largely due to
extensive karstification of the undeformed Eocene - Oligocene limestones that comprise the aquifer.
Karstification has produced numerous, fully saturated, conduit systems that range up to tens of
kilometers in horizontal extent and deliver water to over 600 springs, some of which discharge more
than 200 million gallons per day. The presence of the conduit systems renders the aquifer highly
anisotropic, in the sense of traditional porous media. An analysis of numerous groundwater tracing
experiments conducted in unconfined carbonates and karst reveals that approximately 95% of the
groundwater flow through carbonate aquifers is in conduits while only 5% of the groundwater flow is
through the matrix or fractures (Worthington, et al., 2001a; Worthington et al., 2001b; Worthington et
al., 2002). These factors significantly complicate the characterization of groundwater flow patterns and
render the identification, or at least approximation, of conduits imperative to the development of an

accurate hydrogeological investigation.

Despite the fact that more than fifty underwater caves have been explored and mapped in north-
central and north Florida, conduit trends and dimensions, and their corresponding capacity to
influence groundwater flow patterns, are rarely considered in hydrogeologic investigations. Moreover,
the velocity of the groundwater flowing through the conduits has never been reliably documented.
Thus, even when hydrogeologic investigations make special reference to local caves, there has not
been any available quantitative information with which to confidently predict or constrain the influence

that conduits impose on groundwater velocities or contaminant transport times.

The Florida Geological Survey (FGS), as part of the Florida Springs Initiative, commissioned the
Florida State University (FSU) Geophysical Fluids Dynamics Institute (GFDI) to begin to address these
issues through three lines of attack: education and outreach, data compilation and synthesis, and
quantitative field studies. In accordance, the GFDI has proposed and implemented the first phase of
that investigation which provided for the development of an educational exhibit and video, a digital
geo-spatial database for mapped conduits in Florida (Florida Cave Database), and the quantitative
characterization of groundwater flow patterns through an extensively karstified section of the upper
Floridan aquifer focusing on the measurement of groundwater velocities along known and/or surmised

conduit pathways.

1.2 PURPOSE

The purpose of this report is to document the results of the first phase of GFDI’s investigation, which

included the development of the educational exhibit, an initial framework for the Florida Cave
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Database, and the performance of a groundwater tracing study in the Woodville Karst Plain of north

Florida. The purpose of the educational exhibit is to:

e provide an educational tool that can be used by the FGS and other entities at public events to
elevate awareness of groundwater and spring protection issues related to Florida’s karst
regions; and

e provide a resource for educators in Florida to incorporate into their classroom and
extracurricular activities.

The purpose of the Florida Cave Database is to:

o identify all existing map and survey data for the location, trend, and size of saturated conduits
in the state of Florida;

e synthesize the uncovered data into one physical location;

e convert the data into a spatially referenced digital format consistent with other data available
through the FGS; and

o render the data accessible to persons seeking to conduct hydrogeological investigations or
characterizations in Florida.

The purpose of the groundwater tracing study was to:

e measure the velocity of groundwater through a conduit of known length that could be easily
accessed at both up-gradient and down-gradient ends as well as other quantitative aquifer
parameters that would contribute to improving groundwater flow models of the Woodville Karst
Plain;

e compare the measured velocity with groundwater ages based on geochemical methods; and

¢ evaluate the feasibility of conducting quantitative dye-tracing experiments in regions
containing large saturated caves that deliver groundwater to first-magnitude springs.

2 FLORIDA’S KARST EDUCATIONAL EXHIBIT

Groundwater and spring water protection is emerging as one of the leading environmental issues in
Florida, and one of the most important aspects of groundwater and spring protection in Florida is
public education. As the development spreads and population increases in Florida, it is particularly
crucial that the public understand the relationships between groundwater and spring water quality, and
the everyday activities that are often taken for granted. Without public support, state regulations, land
use planning, and scientific research will be unlikely to reverse the current downward trend in the
quality of these two water resources. For this reason, the FGS contracted GFDI to develop an
educational exhibit that addresses the basics of groundwater flow and karst in Florida and the
relationships between land uses and potential threats to the groundwater and spring water quality. The
exhibit was designed such that it can be set up at various public events and distributed to other

education and outreach programs.
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2.1 EXHIBIT POSTERS

The exhibit consists of eight posters and a 25 minute video. The posters use highly colorful graphics
and text to address the following concepts:

e the distribution of water on Earth,

o the hydrogeologic cycle,

e porosity and permeability,

e aquifers and aquitards,

o Florida geology,

e Kkarstin Florida,

e Groundwater / surface water interactions, and
¢ methods for contribution from the public.

Small versions of the posters are provided in Figures 2-1 — 2-8.

2.2 EXHIBIT VIDEO: FLORIDA’S AWESOME AQUIFER

The video uses firsthand footage of cave divers exploring several of Florida’s largest underwater
caves with views of many of Florida’s springs in both clean and contaminated conditions, along with
computer graphics and animations to illustrate the central theme of the Florida Springs Initiative;
groundwater and spring water quality are directly related to land use practices in areas where the

Floridan aquifer is vulnerable to contamination. The following sections contain the video script.

2.2.1 Introduction

Nothing is more precious than freshwater. It is an integral and crucial part of our natural environment,
and supports all of Florida’s treasured ecosystems. It is the primary resource that sustains life for

millions of organisms including ourselves.

Florida is a land blessed with an abundance of water both fresh and saline. It is essentially
everywhere we look, both above and below the land surface. On the surface, we have more than
1,700 streams and rivers and more than 7,800 lakes. Below ground, water is found within a few feet

of the land surface just about everywhere. (person digging into saturated sediments)

Florida’s aquifer systems (the underground layers of rocks and soil that hold and transmit water) are
some of the most productive aquifers in the world. We have grown dependent on these aquifers for
our freshwater supply largely because they have traditionally delivered very high quality water that
requires little if any treatment. Today, more than 93% of Florida’s residents (approximately 14.8
million people) rely on groundwater for their freshwater needs. In total, we use more than 4 billion
gallons of groundwater every day. This makes Floridians more dependent on groundwater than
residents of any other state in the United States.
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Beyond our personal use, groundwater is also a crucial component of our economy. In Florida, more
than 35% of groundwater usage is devoted to agriculture, more than 10% to commercial and industrial

uses, and nearly 5% for the irrigation of recreational lands such as parks and golf courses.

Though we use so much groundwater and are so dependent on it as a resource, we cannot see it
because the reservoir is underground in the void spaces in the rocks and soils. The amount of water
in the underground reservoirs and the rate at which it moves are hard to measure. This is true just

about everywhere except in Florida’s springs.

Springs are windows into the aquifers beneath our feet and a reflection of the purity of the water
flowing through them. They are locations at which groundwater visibly flows to the land surface. They
provide crucial habitat for wildlife including the Florida Manatee. Throughout Florida’s recent history,
springs have provided settings for human habitation, such as paleo-indian sites, and modern towns
and cities because they provide a consistent source of freshwater. Florida’s springs have been
considered by many to be places of healing and mystical powers, such as Ponce de Leon’s elusive
“Fountain of Youth.” Today, they have also become an important recreational resource used by

millions of people every year that come to the springs to experience the clear clean freshwater.

2.2.2 Florida’s Springs

Florida’s natural springs discharge more than 8 billion gallons of crystal clear freshwater each day.
Geologists have formally described more than 300 unique springs in Florida such as Silver Springs in
Ocala and Wakulla Spring south of Tallahassee that are marked by crystal clear pools visible from the
land surface and even satellite imagery. In addition to the ones that can be easily seen, geologists
estimate that there remain at least 300 more springs that have not been found because they are
located at the bottoms of rivers or offshore along Florida’s coasts. This represents, perhaps, the

largest concentration of freshwater springs on the planet.

Florida’s largest springs discharge from the Floridan aquifer system, which underlies all of Florida and
extends into parts of Alabama, Georgia, and South Carolina. It is among the most productive
underground aquifer systems in the world and supports more than one-third of the largest springs in

North America.

The vast amount of groundwater pouring out from beneath the surface feeds nearly 300 rivers, and
sustains numerous lakes and wetlands throughout the state. Thousands of natural habitats and the
survival of millions of organisms depend on the lifeline of clean freshwater provided by Florida’s

aquifers.

Unfortunately, Florida’s rapid growth and development has placed an enormous stress on both the
springs and the aquifers. Today, these precious resources are degrading and will continue to decline

in quality and quantity unless we take proactive protective measures.
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2.2.3 Hydrologic Cycle

There is a fixed amount of water on Earth, most of which (approximately 97%) is saltwater contained
in the world’s oceans. Of the remaining 3% that constitutes the world’s freshwater supply, less than
3% exists in the world’s lakes, rivers, and streams, 77% is locked up in the glaciers that engulf the
polar regions, and the remaining 22% (the largest usable reservoir of freshwater) lies beneath our feet

in the form of groundwater.

All of the water on Earth is in constant motion, largely driven by the heat of the sun. Evaporation
causes water to collect in the atmosphere that eventually falls from the skies in the form of rain or
snow and collects in the four major reservoirs, oceans, polar ice caps, groundwater, and surface
water. Groundwater flows through voids in the rocks and sediments to surface water bodies such as

lakes, rivers, streams, and oceans where it eventually evaporates back into the atmosphere.

The layers of rocks and sediments that contain significant quantities of groundwater are called
aquifers. Aquifers receive water through recharge areas where surface water can seep or flow down
into the aquifer from the land surface. Groundwater that collects under the recharge areas flows to
areas where it can discharge, such as springs, rivers, lakes, or oceans. Groundwater flows down a

hydraulic gradient created by the hydrostatic pressure created by the recharge water.

In some places, aquifers are covered by rocks and sediments, such as clay, that prevent or inhibit the
downward flow of surface water. In these regions, the aquifer is said to be confined and recharge can
only occur through features, such as sinkholes, that cut through the confining material. These regions
are typified by numerous rivers and streams that form because rainwater flows overland rather than

seeping downward into the underlying aquifers.

Where there is no confining layer, the aquifer is said to be unconfined. In these regions, rainfall seeps
directly into the underlying aquifers limiting the formation of rivers and streams. These are also the

regions where the aquifers are most vulnerable to contamination.

2.2.4 Cave Development

The multitude of magnificent springs that discharge from the Floridan aquifer in Florida are a result of
a special type of hydrogeologic environment known as karst. Karst aquifers contain caves and
conduits that transport water rapidly from recharge areas or sinkholes to springs, in much the same

way as rivers carry water from upland areas to lakes or oceans.

Karst aquifers occur in regions, like Florida, that are underlain by limestone and dolomite rocks.
Limestone and dolomite both dissolve in water containing weak acids, such as rainfall that absorbs
carbon dioxide from the atmosphere to form a harmless solution of carbonic acid. In most regions of
the world and particularly in Florida, which has a large amount of vegetative cover, surface water

absorbs additional carbon dioxide from decaying organic matter such as dead plants and trees,
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thereby slightly increasing the acidity. Extensive cave development will occur where the surface water
is rapidly introduced to the aquifer, such as in sinkholes and rivers that flow across over unconfined

regions of the aquifer.

The aggressive surface water is so effective at dissolving the limestone rocks that many of Florida's
rivers completely disappear from the land surface into caves that have formed in the transition zone
between the confined and unconfined regions of the Floridan aquifer system. The Santa Fe River is a
perfect example of this phenomena. The river disappears from the land surface at O’leno Sink near
High Springs, Florida. It flows underground for approximately 3.5 miles to the River Rise where it

comes back up to the land surface 40% larger than when it disappeared at O’leno Sink.

Once aggressive water enters the aquifer system, the naturally acidic solution dissolves cavities in the
rock. Conduits are formed when the cavities become interconnected. Caves are formed when the
conduits become large enough for humans to explore. Once the cavities become interconnected, the
resulting conduits convey large quantities of groundwater to springs where the larger conduits can
carry more water and ultimately create larger springs. Dry caves, such as Florida Caverns, arise when

the water level in the aquifer drops below the level of the cave rendering them hydrologically inactive.

As for active caves, flowing groundwater continues to dissolve the surrounding rock, creating
labyrinths of interconnected caves and conduits with passage geometries ranging from simple vertical
and horizontal cracks to massive chambers hundreds of feet in diameter. Cave lengths vary from just
a few hundred feet up to passages more than 4 miles long such as those that have formed in north
Florida near Tallahassee. The key thing to remember about the caves in Florida, regardless of length,
is that they convey groundwater to springs. To effectively protect our springs, we therefore need to
learn about the caves, map them, and understand how they collect groundwater from the surrounding

aquifer and carry it to the springs.

2.2.5 Cave Exploration

Florida’s springs and sinkholes provide entryways to many of the largest underwater caves in the
world. Several hundred caves have been explored and mapped in Florida, which has been a real
challenge to the small community of men and women pursuing this endeavor because almost all of the
caves are completely underwater. These underwater caves are devoid of light. The water is cold
enough to cause hypothermia after short exposures and the water often moves rapidly, which can
make it hard or impossible to swim against the current. Once inside, inexperienced or unprepared
divers can become lost in the labyrinth of passages that typify most Florida caves. Underwater cave
exploration and research should therefore only be conducted by highly trained and experienced cave

divers.

Once inside the underwater caves, the divers have direct access to the groundwater flow system

where it is possible to see and measure groundwater flow processes that could otherwise only be
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studied remotely or in a laboratory. Here, research divers studying the Woodville Karst Plain cave
system of north Florida for the Florida Geological Survey released a harmless dye into the
groundwater flow system which enabled scientists to determine how fast the water flows through the
conduits to downstream sinkholes as well as other important aquifer parameters. Ultimately, that data
will be used to develop models of groundwater flow through the entire watershed that will help water

resource managers protect groundwater quality at places like Wakulla Spring.

Underwater caves also provide the habitat for unique creatures unlike those living in the sunlit
terrestrial environment or even in above ground caves. Cave dwelling organisms called troglobites
live in perpetual darkness. In underwater caves, tiny creatures such as blind albino crayfish and
several amphipod and isopod species have adapted to the lightless, aquatic environment. Troglobites
rely on odors, movement, and chemical changes to hunt and scavenge organic material along the
cave floor. They depend on the consistent environment provided by the underwater cave system
wherein changes in water quality or temperature can decimate an entire population. Many of these
creatures have become so adapted to a particular cave’s environmental conditions that they have
evolved into unique species that only exist in one or two caves of close proximity. Scientists are
hoping to learn a great deal about species evolution, environmental controls on species development,
and even the development of immunities to certain diseases from these cave creatures, but
unfortunately more than one-quarter of Florida’s aquatic troglobites are now threatened or of special

concern due to deteriorating environmental conditions in the caves and springs.

Despite their magnificent beauty and importance to society, the springs and caves that make Florida
one of the most unique places on Earth are now threatened with contamination and water level
declines. As Florida’s population continues to rise, and land is increasingly developed, contamination
and over pumping has impacted the aquifers and are now causing significant and rapid declines in the

clarity and quality of the water in Florida’s springs and caves.

2.2.6 The Uncertain Future

Researchers and water resource managers have observed a downward trend in springwater quality
for more than 20 years. Groundwater is being contaminated by impurities that pollute surface water
and enter the aquifer. Chemicals from fuel spills and gas stations, runoff from parking lots and city
storm sewers, residential septic systems, pesticides and fertilizers from farms and lawn maintenance,
and detergents and chemicals from households, penetrate the limestone bedrock as easily as
rainwater. Once an aquifer becomes contaminated, pollutants spread throughout the groundwater

supply and impact the water quality of the springs.

Some of these contaminant sources deliver nutrients such as nitrogen and phosphorous to the

groundwater. The nutrient loading, in turn, causes a process called eutrophication in lakes, rivers,
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springs, and caves, which causes the pristine natural conditions to degrade into an environment

dominated by algae, bacteria and other undesirable organisms.

In addition to the degradation of water quality, many of Florida’s springs are at risk of drying up as a
result of over-pumping from the aquifers. This occurs when groundwater is pumped out of the ground
faster than it is replenished by recharge from rainfall. The condition is aggravated by the recent
persistent drought.

For the most part, over-pumping problems are centered on the largest population centers such as
Miami and Tampa/St. Petersburg where there is an increasing demand for fresh water supplies. The
average Floridian uses more than 100 gallons of freshwater per day for household purposes. That
demand, coupled with expanding commercial uses, such as spring water bottling plants, cause
significant depressions in groundwater levels at ever broadening distances away from the well fields.
As a result, the flows from shallow springs that fall within the area affected by the pumping are

declining. Some springs in those areas have ceased to flow all together.

The fundamental problem we have in Florida is one of balance. The balance between the growth and

economic prosperity we want and the demands that those benefits place on our water resources.

2.2.7 Florida Springs Initiative

The alarming rate of groundwater degradation has captured the attention of the scientific community,
the Florida Legislature, and corporations who are focusing on protecting and remediating groundwater

resources.

Florida’s Department of Environmental Protection is striving to protect Florida’s springs through the
‘Florida Springs Initiative’. This comprehensive protection effort is supported by the both the Governor
and the Legislature who have allocated part of the state budget to initiate what is hoped will be a long-

term effort supporting research, monitoring, education, and land-owner assistance projects.

The Florida Springs Task Force is a component of the Springs Initiative and is working to determine
the status of Florida’s springs and develop strategies for their protection. One of the major tasks is the
delineation of “Springsheds” which will define vulnerable recharge areas that contribute to springs.
Another one of the fundamental missions of the Springs Initiative is to educate and empower the
public such that private citizens can take a proactive role in protecting our state’s most precious

natural resource.

Research, exploration, and monitoring conducted through the Springs Initiative will provide the crucial
data about Florida’'s underground drainage patterns, water quality, and hydrogeology needed to
accurately define the springshed boundaries. Springshed maps will enable water resource managers
to develop better land use policies that will more effectively protect aquifer recharge areas that are

vulnerable to contamination.
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Unfortunately, research and management alone is not enough to preserve our springs. Public support
and involvement is imperative to the success of the Springs Initiative. Get involved! Learn what you
can do to preserve your local springs. Avoid the improper use of chemicals that can degrade spring
water quality. Be conscientious about water conservation. And, get attend local county commission
meetings to let your representatives know that spring protection is an important component of good

decision making.

We as citizens hold an important key to the restoration and protection of Florida’s springs. With help
from the public, the Springs Initiative is working toward a more promising future for our treasured

springs, such that clean fresh water will be freely flowing for generations to come.

3 FLORIDA CAVE DATABASE

3.1 OVERVIEW

Caves are one of the most important but least understood and documented physical features in a
karstic aquifer, such as the Floridan aquifer. There are currently more than 50 underwater caves in
Florida that are of sufficient size to have warranted mapping (Poucher, personal communication) and
perhaps as many as 4000 dry (above water) caves in Florida that have either been mapped or located
(Krause, personal communication). Perhaps the primary factor that has limited the documentation of
caves is access, particularly in Florida where many caves, and all of the longest caves, are fully

saturated (underwater).

Cave divers are the only group of people that regularly enter the underwater cave environment.
However, though cave diving has been a viable activity for more than 50 years, significant
penetrations into the largest known caves in Florida has only become possible through technological
advances in cave diving equipment and an increase in the sport’s popularity that have come about in
the past 10 — 15 years. To this date, there have been very few professional hydrogeologists that have

actually been in an underwater cave in Florida.

Since the beginning of cave diving, explorers have traditionally surveyed the trends and dimensions of
the cave passages they explore. These maps now represent the most significant and extensive record
of Florida’s underwater caves available to the professional hydrogeologist. As with direct observation
of the underwater cave environment, the problem with using the maps has been access because
though cave divers have been actively making maps for 30+ years, the maps do not reside in a
centralized location nor are they typically in a suitable format for inclusion in a hydrogeologic

investigation.

The purpose of this project was to develop a framework for the compilation and synthesis of all
available cave maps and cave location data into a centralized GIS compatible database. Ultimately,

the purpose is to render cave maps more accessible to professional hydrogeological investigations ,
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and moreover, to encourage their use in such endeavors. When successful, this will be the first such
database to be developed and maintained on a statewide basis. The effort has and will continue to
require a significant amount of support from the cave diving community because cave explorers
(underwater or dry) tend to covet survey data and maps and inhibit its widespread distribution. In a
support of this effort, and more broadly the effort to protect Florida’s Springs, both the WKPP and the
National Speleological Society — Cave Diving Section (NSS-CDS) have donated their collections of
cave maps from more than 50 Florida caves to the FGS and negotiations have begun to receive a

private database of more than 4000 underwater and dry cave locations and maps in Florida.

3.2 CAVE MAP DATA

Maps of underwater caves are most often produced from relatively crude survey data collected by
cave divers during or after the initial exploration of a cave. The detail of any particular underwater
cave survey is limited by unforgiving time constraints on the surveyor imposed by a limited supply of
breathing gas and decompression requirements associated with deep caves. Because of these
limitations, the survey of any one cave is often performed over the course of many dives and often by

multiple survey teams.

In general, the data collected as part of an underwater cave survey consists of depth, width, and
height of the cave at discrete survey stations and the azimuth and distance between stations.
Azimuths are generally recorded with an oil-filled analog compass with degree markings in five-degree
increments. Depth is generally recorded with a digital pressure transducer. Distance is generally
measured with a continuous line, knotted every three meters. To expedite surveys, the surveyor often
estimates passage width and height measurements though sometimes that information is collected
with hand-held sonar devices. Specific cave survey and mapping techniques typically used to
generate maps of underwater caves are provided in Exley (1973), Burge (1988) and Kincaid (2001).

The final survey data consists of a set of moving polar coordinates, wherein the location of each
survey station is determined from measurements taken between it and the previous station. Thus, the
accuracy of the survey data decreases with distance from the cave entrance. In general, distance
measurements are considered accurate to within £ 1.5 m. Azimuth measurements are considered
accurate to within 3 © and account for the larger part of the survey error, especially between distant
stations. It is therefore difficult to rate the accuracy of the resulting cave map except to say that the

map is always more accurate nearer to the cave entrance.

3.3 DATABASE DESIGN

The Florida cave database is being designed as a series of GIS coverage files using ArcGIS 8.2,
wherein each cave in the “database” will contain three files. Two files consist of line and point layers
(ArcView shapefiles) describing the trends and physical attributes of the caves (Figure 3-1). The third

file contains metadata describing the acquisition, projection, and units of each piece of data included
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in both the Line and Point Layers. Line shapefiles include the two-dimensional extension of caves and

some average dimensional information on cave passages. The lines are either directly digitized from

hard copy maps or, as in some occasions, obtained as digital data from other sources. The point

shapefiles consist of the original survey points in the cave or, when the survey data is not available,

are created in ArcView by on-screen digitizing points at various locations on the cave maps. They

include locations of survey stations and arbitrary points that represent changes in passage profiles.

An example of the metadata provided for each cave map in the database is provided in Appendix Il.

3.3.1 Line Layers

The information in line shapefile attribute tables currently includes:

average passage elevation (ft msl): (calculated by subtracting average water depth for the
passage from the cave entrance water elevation as indicated in topographic maps);

average passage width (ft) (approximated by using the scale of the original cave map);
average passage height (ft) (measured at survey stations);

passage length (ft) (measured at time of digitization);

groundwater flow reversal (if reported on map or in survey notes);

ownership (to be determined by the FGS); and

land use (to be determined by the FGS).

The Line Layers for each of the cave maps were prepared by digitizing the centerlines of conduits

directly from paper cave maps using a CalComp digitizing table and ArcView 3.2. The process

consists of several stages:

1.

2.

Geo-Referencing
Registration of the paper cave maps to Albers projection is performed as follows.

e Four arbitrary control points, one of which includes the reported cave entrance are
located and marked on the paper map;

e (Geo-spatial coordinates for the cave entrance are determined by: inspection of the USGS
DRG for the 7.5 minute topographic quadrangle containing the cave using ArcView or
from survey or GPS coordinates reported in the literature or collected as part of this
study.

o Geo-spatial coordinates are determined for the remaining control points by measuring the
distances in the X and Y directions from the cave entrance using the distance tool in
ArcMap.

e The cave map is georegistered on a digitizer using the control points described above.
Digitizing
The cave centerline is digitized as a shapefile in ArcView 3.2. Digitizing errors such as

dangles, overshoots, and undershoots are edited. Lines are split into multiple lines to
represent individual cave passages or specific sections of a cave passage.

Creating line attribute tables

Attributes are created in accordance with FGS guidelines. Attribute tables are populated
based on the available information. All of the data on cave dimensions are obtained from the
original cave map. Only the lengths of passages are automatically measured by Arcinfo, when

FSU-GFDI
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cave shapefiles are converted to line coverages. Length information is then converted to feet
and transferred from the coverage attribute table (AAT) to the line shapefile attribute table.

3.3.2 Point Layers

The point shapefile attribute tables currently include the following information for both surveyed and

arbitrary points:

e name of the location (if reported on maps or in survey data, e.g. tower sink);

o ceiling elevation (ft msl) (calculated by subtracting water depth value at the passage ceiling
from the cave entrance water elevation);

o floor elevation (ft msl) (calculated by subtracting water depth value at the passage floor from
the cave entrance water elevation),

o water depth (ft msl) (measured at survey stations);

o width (ft) (approximated based on the scale of the cave map);

o height (ft) (height of the cave passage at the survey station); and

o flow direction (direction of groundwater flow reported on maps or in survey data).
The Point Layers are created using the line shapefile and the original cave map. Points include all the
survey stations and/or arbitrary locations that show changes in passage profile when the original
survey data is not available. Point shapefiles are attributed as per FGS guidelines and the attribute

tables are populated with all available data.

3.4 STATUS

At the timeof writing this report, fifty-four underwater cave maps have been obtained and are in the
possession of the FGS. Permission has been obtained from all of the map owners for the inclusion of
the map and survey data into the Florida Cave Database, though the NSS-CDS and the WKPP do not
wish to allow the general public to be able to obtain paper copies or digital images of the original
maps. The specific access issues have not, as yet, been worked out to the satisfaction of all parties.
Seventeen of the fifty-four maps have been converted to geo-spatially referenced digital format
(ArcGIS coverages) and included in the Florida Cave Database. Appendix Il provides a table showing
the status of each of the fifty-four cave maps in terms of their incorporation into the Florida Cave

Database.

A temporary website has been developed that provides an example of a possible portal for access to
the Florida Cave Database and other data related to karst in Florida. The Five of the seventeen
converted cave maps are provided on the website as WinZip files containing all the pertinent ArcGIS

shapefiles that are included in the current Florida Cave Database.
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3.5 DISCUSSION & RECOMMENDATIONS

Creating a useful electronic database for cave map data in the state of Florida is a daunting task. The
usefulness of such a database will, however, far outweigh the cost of construction over time. The
Florida Cave Database will ultimately provide for the efficient incorporation of cave data into future
hydrogeological investigations thus rendering far more accurate characterizations of and predictions of

groundwater flow patterns and contaminant transport times in the Floridan aquifer.

In our attempts to compile spatial data on Florida caves, we realized that most of the data are in hard
copy format. Some digital data on Suwannee River basin caves were obtained from the Suwannee
River Water Management District, however much of that data was not projected and thus could not be
geo-spatially referenced. The hard copy cave maps require extensive digitization and thus maps
containing reliable and complete spatial information such as scale, water depth, etc. were given

priority in the digitization process.

The georeferencing and digitization tasks are the relatively easier steps in the database creation
process. The most time consuming task of the process is populating the numerous attributes of
attribute tables for lines and points. For example, finding the latitudes and longitudes as DMS for each
point in the point shapefiles is done by reading the coordinates on the ArcMap screen. Thus, it is an
extremely labor extensive, manual process. Similarly, data on passage dimensions is also time-
consuming since it requires comparison of hard copy cave maps and digitized lines of caves. Much of
this information will be contained in the original survey data from which the cave maps were
generated. We did not, however, get access to that data until late in the time period for this phase of
work, and there still remain several caves for which no survey data has been located or obtained.
Processing the raw survey data will, most probably, provide information not available on the maps and

actually reduce the time required to populate the database fields.

The following recommendations are based on our experience and progress with the database
development thus far. At the time of writing this report, database development and population is on-

going. Recommendations for action will have thus been refined.

1. Develop a peer-review of the database construction and design such that modifications to the
design can be achieved before the database is completed and implemented.

This would be best accomplished with a half-day working meeting with various members of
the FGS and FDEP,as well as the key people actively developing the cave database.
Status: Completed April, 2003

2. Complete the conversion of the remaining 37 cave maps.
Status: On-going

3. Resolve legal access issues related to the data and copies or image files of the original maps.
Status: On-going
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4. Develop an ArcIMS website that will provide interactive access to the database via the
worldwide web.
Status: Not Started

5. Further develop the portal website to accommodate public access to permissible information
and the donation of survey data from the cave exploration and mapping communities.
Status Not Started

4 GROUNDWATER TRACING EXPERIMENTS

4.1 OVERVIEW

Ground-water tracing involves adding a label to water that can be identified if that same water is
sampled at a different location. Tracing involves making almost no assumptions about an aquifer’s
hydraulic properties; the principal assumption made is that the tracer can be identified when it is
recovered. When quantitative tracing is done, a known amount of a tracer is injected and the mass of
that tracer recovered is calculated. An accurate velocity and many other hydraulic parameters can be
calculated from analysis of the recovery (time-concentration) curve obtained.

Two quantitative groundwater tracing experiments were conducted in the Woodville Karst Plain (WKP)
of north Florida along a mapped, fully saturated karst conduit in the Floridan aquifer in order to
measure through-flow groundwater velocities, as well as dispersion coefficients and Reynolds
numbers characteristic of conduit flow in the Floridan aquifer. Tracer injections and sampling were
designed and managed by Cambrian Groundwater Company. Access to the actual flow paths within
the caves for sampling and injection purposes was provided by tubing installed from the land surface
into the cave by volunteer cave divers with the Woodville Karst Plain Project (WKPP) and Global

Underwater Explorers (GUE).

4.1.1 Fluorescent Dyes

Fluorescent dyes are some of the oldest ground-water tracers known and have been used
successfully for more than 100 years. A quantitative tracer test was done using the fluorescent tracer
dye uranine in 1877 between the Rhine River and the Adch Spring near the Swiss border, which
showed that there was a reversal of flow of the Danube River across the European Continental Divide
(Kass, 1998, p. 125). Since then more than 20,000 professionally conducted tracer tests using
fluorescent dyes have been conducted worldwide, most of them in karst terrains. Fluorescent dyes
are the most economical and sensitive tracers available. It is typical to routinely conduct successful
unambiguous tracer tests using dyes with recovery curves that have a peak concentration of less than
one part per billion. However, sampling must be done at a high-enough frequency to adequately
describe the shape of the recovery curve. Fluorescent dyes are most useful for the most rapid flow

components within a groundwater system because the tracer can be recovered in a reasonable time.

Tracing using fluorescent dyes is often done only qualitatively where the only information obtained is

confirmation of a hydraulic connection between the injection and the recovery location. Quantitative

FSU-GFDI 14



tracing, on the other hand, is a reliable and highly informative means by which many useful hydraulic
parameters can be obtained. Using the quantitative tracing approach, an accurate velocity can be
obtained by the timing of the center of mass of the tracer cloud. If 100% of the tracer is recovered or
can be reasonably assumed) the discharge can be calculated. The U.S. EPA has developed a
computer program, QTRACER (Field and Pinsky, 1999), that calculates many additional hydraulic
parameters, is simple to use, and provides many analytical tools such as standardization of recovery
curves, calculation of tracer load, and normalization of the curves. Those tools allow multiple curves,
as in from tests performed between different sets of injection and recovery points, to be compared

thereby providing for a more detailed characterization of flow paths in the aquifer.

4.1.2 Environmental Isotopes

Isotopic tracers are usually stable, but sometimes radioactive, and are derived from either naturally
occurring or anthropogenic sources. The most commonly used isotopic tracers are oxygen and
hydrogen, but isotopes of other elements such as sulfur, chlorine, lead, strontium and carbon can be
very useful. Some isotopes are radiogenically stable, e.g., oxygen-18 and deuterium, '®0, ?H, and

some are radioactive, and decay to daughter isotopes, e.g., tritium, *H, which decays to *He.

Tritium, which has been one of the most commonly used radiogenic isotope, was released in large
quantities during the atmospheric nuclear testing program, which largely began in the 1950’s and
peaked in the early 1960’s. During the peak period, atmospheric nuclear explosions typically released
several hundred tritium units (TU) to the atmosphere that was eventually incorporated into
precipitation. Tritium has a half-life of 12.3 years. A tritium unit is one tritium atom to every 10"

hydrogen atoms.

The dramatic increase in atmospheric TU during this period is often referred to as the “bomb spike”
and is the reason that TU can be used as an effective groundwater tracer. After accounting for
radioactive decay, water with TU values similar to atmospheric levels during the bomb spike can be
attributed to recharge during that period. As time goes by, the usefulness of TU as a groundwater
tracer will decline because radioactive decay will render the TU values of bomb spike water similar to
the current atmospheric levels. Raw TU values continue to be useful as a tracer because the tritium
activity has not yet decayed away to completely undetectable amounts, although in many parts of the
country, including Florida, the TU values are approaching undetectable levels (Clark and Fritz, 1997).
In coming years when the tritium decays away to lower levels the utility of the isotope as a tracer will
be severely limited. In must be stipulated that, in a mixture, any TU number that is not either clearly
related to the bomb spike or pre-bomb testing could be any mixture of several waters of different
aquifer residence times, especially if there are no other indications of the probable composition of the
mixture. The utility of the TU as a quantitative tracer is thus severely limited in regions where
groundwater discharge is known to be a composite of waters from multiple sources, which is
suspected to be the case in the karst regions of Florida.
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In recent years, the absolute age of a groundwater sample has been estimated by measuring the ratio
of °H and its radiogenic daughter *He. The calculated age is based on assumptions and corrections
for original atmospheric *He and any terrigenic *He. This technique also implicitly assumes a piston
flow model for groundwater flow wherein a distinct unmixed package of water from a closed system is
being dated. In other words, the assumption is that during the passage of time, the package of water
being dated has not interacted with the atmosphere, the substrate or water from any other source.
This assumption is simply not correct in most fractured rock or karst aquifers, like the Floridan aquifer,
where spring discharges are known to be a mixture of, at very least, older matrix water and more
recent recharge that enters the aquifer through discrete sources such as sinkholes. Even when
multiple isotopic tracing techniques are used, such as *H/°He and CFC ratios, the problems associated
with the “closed system” assumption persist and the resulting age must be considered to be a

composite of an age for older matrix water and younger discrete-source recharge water.

4.1.3 Quantitative Dye-tracing vs. Stable Isotopic Tracing

When properly designed and executed, a quantitative dye-trace provides important hydraulic
information about the aquifer that is impossible to obtain through either qualitative dye tracing or stable
isotopic tracing, including groundwater velocities, dispersion coefficients, and Reynolds numbers. The
other methods are only able to provide qualitative confirmation of flow paths and provide a bracket on
relative groundwater ages, which can correspond to either the actual age of recharge or the degree of
mixing that occurs between waters of older and younger sources. The decision to pursue quantitative
dye tracing in the Woodville Karst Plain was driven by the desire to measure groundwater velocities,
dispersion coefficients, and Reynolds numbers from within active conduit flow paths in the Floridan
aquifer because, prior to this investigation, there was no constraint on these parameters, which has

severely hampered groundwater modeling efforts.

4.2 TRACER TEST DESIGN

Since the objective of the groundwater tracing study was to measure aquifer parameters from a known
conduit flow pathway, the tracer test was designed such that injection and sampling points were easily
accessible and connected to a mapped saturated conduit in the Floridan aquifer. The Leon Sinks
cave system was chosen as the location of the study wherein dye injections occurred at Sullivan and
Cheryl Sinks and sampling occurred at Cheryl and Emerald Sinks respectively for two different tracer

tests (Figure 4-1). The Leon Sinks cave system was chosen for the tests because:

o the conduits connect to multiple sinkholes or “karst windows” that are easily accessible at the
land surface;

e the resulting data would directly support a karst specific groundwater modeling technique that
GFDI is developing and testing in the Woodville Karst Plain; and

o the Leon Sinks cave system is thought to be a significant source of recharge to Wakulla and
Spring Creek springs, which are declining in water quality.
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4.2.1 The Leon Sinks Cave System

The Leon Sinks cave system is located in the Woodville Karst Plain of North Florida, which is a broad
lowland that extends from just south of Tallahassee to the Gulf of Mexico, where the Floridan aquifer is
either unconfined or poorly confined (Figure 4-2). Underwater cave surveys conducted by the WKPP
indicate that the Leon Sinks cave system contains more than 18 km of saturated conduits that convey
groundwater from up-gradient sources through a series of 26 sinkholes or “karst windows” toward the
Gulf of Mexico (Wisenbacker, 1995). The up-gradient most sinkholes are located in the Leon Sinks
Geological Park in Leon County, Florida. The down-gradient most sinkhole is Turner Sink located in
Wakulla County northwest of the town of Bethel between State Road 267 and State Road 61. A large
conduit approximately 15 m in diameter has been explored and mapped for approximately 1.2 km
further down-gradient and appears to continue without any diminishment of size or flow (Jablonski,
personal communication). Discharge from the system is thought to occur at either at Wakulla spring

or, more probably, the Spring Creek springs located on the Gulf Coast.

Conduit diameters throughout the entire cave system range from less than 2 meters to more than 30
meters and average approximately 10-15 meters. The average depth of the conduits is approximately
85 meters below the water table surface. Flow rates through the conduits have not been directly
measured, however the velocities are sufficiently large to impede a divers ability to swim against the
flow direction even in the largest passages. Considering these characteristics, it becomes evident that
the Leon Sinks cave system is the one of the most significant hydrogeologic features in the Woodville
Karst Plain.

Both tracer tests were performed within conduits in the Leon Sinks Cave system: a longer trace
between Sullivan Sink (up-gradient) and Cheryl Sink (down-gradient); and a shorter trace between
Cheryl Sink (up-gradient) and Emerald Sink (down-gradient). The surveyed distance between Sullivan
Sink and Cheryl Sink is approximately 2.65 km, which covers a straight-line distance of approximately
1.5 km. The surveyed distance between Cheryl Sink and Emerald Sink is approximately 300 m, which

covers a straight-line distance of approximately 250 m.

4.2.2 Tracer Test Design Problems

There are two fundamental problems with conducting an effective groundwater tracing experiment
using dye in high-flow conduit-dominated karst aquifers like the Floridan aquifer in the Woodville Karst
Plain. First, and most significant, because of the large discharge, it has been typically accepted that
very large quantities of dye would be required to be injected into the flow system in order to yield
measurable quantities of dye at appreciable distances down-stream. One of the specific objectives of
this study was to determine the feasibility of using small enough quantities of dye such that

concentrations at down-gradient sampling points would be below the visible detection limit.
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The second problem confronting a successful tracing experiment is the placement of the injection and
sampling points within the groundwater flow system. Typically, both injection and sampling are
conducted at the water surface in the respective locations. The problem is that the part of a sinkhole
or karst window that is directly accessible from the land surface is often offset from the actual
groundwater flow paths. Therefore, there is no guarantee that the injected dye will move immediately
or effectively into the flow or that water samples collected at down-gradient sampling points will
intersect the moving dye cloud as it passes the sinkhole or karst window from which the sample is
being drawn. For this reason, volunteers from the WKPP and GUE placed both injection and sampling

tubes into each of the three sinkholes used for this study: Sullivan, Cheryl, and Emerald Sinks.

Both the injection and sampling tubes were fixed at a position approximately located in the center of
the conduit. During the injections, dye was pumped from the land surface through the tube to the
actual injection point in the center of the conduit. At the sampling locations, water samples were
collected from a continuous flow of water pumped up from the conduit to the land surface. Use of the
sampling tubes insured that the injected dye would immediately enter the groundwater flow system
and that the water samples would be withdrawn from the probable center of the dye cloud as it moved
down-gradient through the conduit. A video was made to document the dye release from Cheryl Sink

and its passage through the conduit, down-gradient toward Emerald Sink.

4.2.3 Sullivan to Cheryl Trace

The mass of tracer required to deliver a specific concentration of tracer to a down-gradient sampling
point along a flow path of known distance can be determined from an equation derived from empirical
tracing data (Worthington, personal communication; Field, 2002) and the estimated discharge and
travel time. The cross-sectional area of the conduit near the sampling point at Cheryl Sink and the
groundwater velocity flowing through the conduit at that location were measured by the GUE divers
when they installed the sampling tubes. The dimensions of the tunnel as measured by the divers were
13.1 m x 6.1 m. Since the calculation of the required mass of dye depends upon the travel time and
the discharge, both of which are initially estimated, it is prudent to use slightly more dye than is
expected to be required to ensure that the dye cloud reaches the sampling point at detectable levels.
Based on the estimated velocity and cross-sectional area of the conduit, it was calculated that a mass
of 750 grams of tracer dye would produce a peak concentration of less than 20 ppb. This

concentration is routinely measurable, yet far below the visual threshold.

The tracer used for this test was a fluorescent dye: Phloxine B (C.l. Acid Red 92). The 750 grams of
dry tracer was mixed with water in a five-gallon bucket and the resulting solution was pumped into the
conduit through the injection tube at a constant rate of approximately one gallon per minute. The
pump lost its prime at one point during the injection process, resulting in a short cessation in the
injection, which is evident in the recovery trend measured at Cheryl Sink.

FSU-GFDI 18



The sampling tube at Cheryl Sink was installed at a location approximately 30 m up-gradient of Cheryl
Sink and at approximately the center of the conduit. The tubing extended from there to the land
surface and then over ground to a location from which drainage would not run back into Cheryl Sink
and possibly corrupt the test. The length of tubing was long enough such that an automatic sampler
operating to collect sequential samples would not be able to completely purge the length of line being
used in between each sample. This problem was solved by pumping the water continuously into a
holding bucket and then collecting samples from the water that was being continuously exchanged in
the bucket. The shapes of breakthrough curves are predictable so it would be easy to see if there
were problems with the data collection. Samples were collected at between 15- and 90-minute

intervals for approximately 53 hours.

4.2.4 Cheryl to Emerald Trace

The same conduit in the Leon Sinks cave system that connects Sullivan Sink to Cheryl Sink continues
on to Emerald Sink. An injection tube was installed by the GUE divers approximately 30 m down-
gradient of Cheryl Sink and an sampling tube was installed in the same conduit approximately 30 m
up-gradient from Emerald Sink. The conduit distance between Cheryl Sink and Emerald Sink is
approximately 300 m. The divers estimated the dimensions of the conduit at 9.1 m wide by 3.7 m
high. This test was done after the test from Sullivan to Cheryl was completed so the velocity data
obtained for it could be used. The result for the test from Sullivan to Cheryl predicted a peak
concentration of 20 ppb, but had an actual peak concentration of just over 1 ppb. The lower than
predicted peak concentration obtained for the first test was factored into the amount of tracer used in
the second test from Cheryl - Emerald Sink. For this test, 120 grams of tracer was used which was

predicted to cause a peak concentration of 10 ppb.

The tracer used was the fluorescent dye rhodamine WT (C.l. Acid Red 388). The liquid rhodamine
WT dye is 20% active dye so the actual volume used was 600 ml, which would be equivalent to 120
grams of active dye. The injection process proceeded in the same manner as described for the

Sullivan injection, except there were no problems with the pump prime.

The sampling tube at Emerald Sink was installed at a location approximately 30 m up-gradient from
Emerald Sink and at approximately the center of the conduit. Water sampling was performed in the
same manner as described for Cheryl Sink. Samples were collected at between 15- and 30-minute

intervals for approximately 5 hours.

4.3 RESULTS AND DISCUSSION

Figures 4-3 and 4-4 show the tracer recovery curves for the Sullivan-Cheryl and Cheryl-Emerald tracer
tests respectively. Both curves show excellent recovery where the leading edge, peak concentration
and much of the trailing edge were all recorded. The recovery curve from the Sullivan-Cheryl test is

significantly broader than the curve from the Cheryl-Emerald test, which demonstrates the effect of
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longitudinal dispersion over the longer flow path. The depression evident in the Sullivan-Cheryl curve
is attributed to the pumping problem during the injection at Sullivan Sink. The raw tracer recovery data

is provided in Appendix IV.

Figure 4-5 shows a normalized plot of both recovery curves. The normalized curves have a very
similar shape, which is not unexpected since both tests measured flow through different sections of
the same conduit. A comparison of the data from the two tests shows that hydraulic conditions
between the three sinks that were traced are similar but not identical. The velocity obtained in each
test is slightly different but the pathway from Sullivan Sink to Cheryl Sink is 8 times as long as the
pathway from Cheryl to Emerald and there are probably many more hydraulic dead zones along that

longer pathway.

Results from the QTRACER program run on both recovery curves are presented in Appendix V. Table
1 lists the calculated hydraulic parameters from both tests. Using the measured dimensions of the
conduit between Cheryl Sink and Sullivan Sink (13.1m by 6.1 m) and the average velocity of that
pathway as determined from the tracer test, the discharge through the conduit at Cheryl Sink was
calculated at 1.7 m*/s. Based on the cross-sectional measurements of the conduit between Cheryl
and Emerald Sinks (9.1 m by 3.7 m) and the velocity determined from the tracer test, the discharge
through the conduit at Emerald Sink was calculated at 1.1 m¥s. Although the velocities appear to be
different, they are not, to one significant digit. It is clear that along both parts of the pathway ground-

water flow is rapid and turbulent; both Reynolds Numbers are of an order of 10°.

Table 1. Summary and comparison of hydraulic parameters calculated from the tracer
recovery data from the Sullivan-Cheryl and the Cheryl-Emerald tracer tests.

Test Mean Peak Reynolds Peclet Longitudinal Peak Tracer
Velocity Number Number Dispersivity Concentration Recovered
(m/s) () ) (m) (Hg/) (%)

Sullivan Sink -

Cheryl Sink 0.021 184,874 211 12.3 25 >20
Cheryl Sink -
Emerald Sink 0.034 229,277 213 14 124 >99

The groundwater tracing experiments were successful in every respect. They provided hydraulic
parameters that characterize the conduit-dominated section of the Floridan aquifer in the Woodville
Karst Plain, which have never before been measured. Moreover, these values will undoubtedly
provide a constraint on the possible range of hydraulic parameter values for other conduit-dominated

sections of the Floridan aquifer throughout the state of Florida.
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In addition, and possibly more significantly, both tests demonstrated that it is perfectly feasible to
conduct effective quantitative dye-tracing experiments in the conduit-dominated sections of the
Floridan aquifer using small quantities of dye that yield dye clouds at the sampling points below the
visible detection limit. This finding will, hopefully, provide an incentive for others to conduct similar
experiments in other groundwater basins thereby dramatically increasing our understanding of the flow

processes in the Floridan aquifer.

Finally, it is useful to compare the results of these tracer tests with the reported groundwater age for
Cheryl Sink as determined by *H/°He isotopic sampling, which was 41.2 +/- 0.7 years (Chanton,
2002). If that age were to represent the true time between recharge and arrival at Cheryl Sink (the
assumption when using the piston-flow model), then the measured groundwater velocity along the flow
path would indicate that the water was recharged some 27x10° km away, which is obviously not likely.
The two measurements do, however, give further indication that the water moving through the
conduits is a composite of waters coming from different sources, some very recent water recharged
through discrete sources such as the Leon Sinks and some much older water recharged over a
broader area and flowing more slowly through the matrix. For example, an average age of water a few
tens of hours old from sinking streams and maybe a few thousand years old from the matrix could be
about 40 years, but this is an average age that is not a representative age of either of the two

components of the mixture.

Unfortunately, there remains a gap in our understanding as to how to constrain the proportions of
water derived from each source. ltis likely that such information will fall out of improved modeling
efforts that specifically embrace the presence of the conduits in the aquifer and are calibrated to
regional groundwater heads, groundwater velocities measured in the conduits through dye-tracing
experiments, and spring discharges. Ultimately, the most useful application of all of the data types
described above will be in the development of holistic and transient groundwater flow models. Such
models will be used to develop a better understanding or characterization of groundwater flow patterns
thereby facilitating the delineation of spring-shed boundaries, as well as to predict future behavior
such as the response of spring discharges to proposed development or the travel-times of

contaminants that enter the aquifer.
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Figure 2-1. Florida’s Karst & Groundwater Educational Exhibit Poster: Distribution of the Earth’s Water.
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Seventy-one percent of the Earth’s surface is covered
by water. This may cause you to ask, “If there is so
much water, why are people so concerned about
protecting it?” First, all of the Earth'’s systems interact,
so to keep one part of the Earth healthy, we need to
keep all parts healthy. Second, fresh water is essential
for all life and it makes up only a small part of all the
Earth’s water supply.
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Of all the Earth’s water, only 2.8 percent is fresh,
potable water. Of this already small amount,
approximately 77 percent is locked in ice sheets and
glaciers, and therefore is not readily available for
human use. The tiny remaining portion of the Earth’s
water, .65 percent, is located in lakes and rivers, and
underground. This brings us to the main topic of this
display. Ninety-seven percent of the world’s fresh,
usable, water is groundwater.
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hydrologicfﬁyclé‘

All of the Earth’s water moves endlessly through
the Hydrologic Cycle. In other words, you drink
the same water that the dinosaurs drank 65
million years ago. The hydrologic cycle is a closed,
circular system: there is no beginning or end.

7 11\N

Evapotranspiration

As solar energy hits the Earth’s surface, water in
lakes and streams evaporates (becomes a gas)
and rises into the atmosphere. \Xhen the vapor
hits the cool air of the upper atmosphere, it
condenses back to liquid water and forms clouds.
\X¥’hen conditions are right, rain or other forms
of precipitation fall to the ground. Precipitated
water then hits the ground where it will either
flow across the surface, evaporate, or seep into
the ground and enter the groundwater system.

Figure 2-2. Florida’s Karst & Groundwater Educational Exhibit Poster: Hydrogeologic Cycle.
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Porosity is a measure of volume of the free space
in arock. Most rocks contain empty space, called
pore space, between the mineral grains that male
up the rock. You can think of porosity like the
holes in a sponge. Some rocks contain much
more pore space than others, for example,
sandstone composed of evenly sized sand grains
contains more pore space than a tightly
crystallized granite.

Permeability is a measure of the

interconnectedness of pore spaces. A rock may
have a high porosity, but if the pores are not
connected, the water cannot flow through the
rock.

mineral grains Inset
sh a mountain

14 nch

Florida is underlain by a type of rock called carbonate
roclk. The two types of carbonate rock found in Florida
are limestone and dolostone. These rocks form from
the skeletons of marine creatures like coral and
crustaceans and from the mixing and settling of
chemicals in ocean water. Overtime, the minerals are
squeezed together to create rocl.

e calcite out
may creare

WVarious typ-
of seawater
fimestone and dolostons

Florida’'s limestone and
dolostone are often both
porous and permeable.
Unlike the carbonate rocks
found in many other states,
the rocks in Florida have not
undergone heavy
compaction. In Florida, it is
common to still see shell
fragments in limestone.
. Frequently, the loosely
cemented limestones in
Florida have high porosity
and permeability.

o Photo-Per

1 wa Decartrnent
of Conservation and M

tural Resources

Both limestone and dolostone are also very soluble,
meaning they dissolve in water much more easily
than other types of rock. This is yet another way
limestone and dolostone achieve such high
permeability and porosity. Water can expands
cracks and fractures in the rocks. In some places,
dissolution has resulted in the formation of natural
pipes with diameters of over 100 feet!

Figure 2-3. Florida’s Karst & Groundwater Educational Exhibit Poster: Porosity and Permeability.
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An aquifer is a rock or sediment unit that's pore space is saturated
and is sufficiently permeable to transmit water to wells and springs
in useful or economic quantities. The place where water enters
an aquifer, through precipitation or stream input, for example,
is called the recharge area. Springs or gaining streams, where
groundwater comes out of the aquifer, are termed discharge
areas. Depending on the season, conditions or rainfall,
awetland can either be a source of recharge, or a discharge zone.

These rock units set up various types of groundwater
environments. The simplest is called an unconfined aquifer.
There is direct interaction between surface water and the saturated
zone of the aquifer. The top of the saturated zone in an
unconfined aquifer is called the water table.

A confining unit is essentially the opposite of an aquifer. Itisa
rock or sediment unit with permeability so low that water hardly
moves though the unit. In Florida, confining units are often rich
in clays. They are called confining units because they may be
above of below and aquifer and restrict water flow through the
aquifer.

The other major type of aquifer, a confined aquifer, occurs when
an aquifer is bounded by a confining unit. If the confining unit
lies above the aquifer it can prevent water from recharging the
aquifer. If conditions and location of the confining units are
correct, the water in the confined aquifer may become pressurized.

Water seeps through the ground

and recharges the unconfined surficial
aquifer Sorme water mekes it nto the
confined aquider

Artesian well flowing from
corfired lmestone aquifer
Red line indicates potentiometric
surface of confined aquifer

wetnd Water Table Water Table well spring
fram unconfimed [drcharge area)
aquifer

Urconfined
Surfcial
Aquifer

Confining
LiFae

Confined
Aquifer
[Lirreseore)

Large “pipe” called a conduit dasoived in the
limestone  This feature transmts large volumes
of water

This diagram shows an idealized cross-section of Florida's geology. Motice all the ways
that surfacewater interacts with the groundwater It 1s important to protect all water resources
because what you do to one resource will affect ancther

The potentiometric surface is the level to which groundwater
would rise in a narrow well called a piezometer. The
potentiometric surface is called the water table in unconfined
aquifers. In the case of a confined aquifer, water may become
pressurized and the potentiometric surface is actually above the
upper surface of the aquifer. If a well were drilled in this aquifer,
water would rise to the potentiometric surface, sometimes many
feet above the land surface, and is called an artesian well. Each
aquifer has its own potentiometric surface.

For ingure of & copy of the poster
Careact

Gurmer Bulding M5, 903 W Tennessee 5t
Talohassee. FL 323047700
(5501 4889380

Hydraulic head is a measure of the total mechanical energy per
unit weight of water at a given point in an aquifer and is measured
using a piezometer. The difference between head at two points
over a horizontal distance is called the hydraulic gradient.
Groundwater flows from areas of relatively high head to areas
of relatively low head; down gradient. Recharge areas generally
have higher head while discharge areas have lower head.

Figure 2-4. Florida’s Karst & Groundwater Educational Exhibit Poster: Aquifers.
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Sequence of Aquifers

[ werrmibaie mpsie: rystes
red to places lilke the northern United States Florida
“a Imils geciagy and s siaply [lajaring of ock
airly L g E’ue at, while | =
the rocks in the nerthern and western Un —

been intensely folded over millions of years tn produoe very
complex geol‘ggy ye

Florida is comprised of three main aquifers: the surficial
aquifer, which is broken down into sand and gravel
aquifer and stm,veaquer the intermediate aquifer,

and the huge, Floridan aquifer. Confining layers i
vary thro ut the state. In some areas, the confining |

layers are absent to very thin, while in other areas, they can
bag;mostmfee(ﬂ:gt.

Geologic Map
of the
State of Florida

CROBS SECTION MAT

CROSS SECTION A - A

RGOS STCTION - 1

All of Florida is underl‘am by thu’.k sequences of I':mestone and dolostone,
In most parts of the state, these rocks are covered with layers of sand.
Together, the sand and carbonate rocks form an enormous groundwater
reserveir, providing more groundwater than any other state: more than a
quadrillion gallons!

For inguses or 2 copy of the poae
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Figure 2-5. Florida’s Karst & Groundwater Educational Exhibit Poster: Geology of Florida.

FSU-GFDI

28



FSU - GFDI / FGS Collaboration...2002

Florida's geology allows for the creation of many interesting features
including sinkholes, underground rivers, springs, and caves. These
features make up what is called karst topography which forms as flowing
water slowly dissolves the limestone and dolostone.

A spring occurs when groundwater discharges to the surface through
natural openings in the ground. Florida is home to 27 of the country’'s
78 first-magnitude springs, that is, springs that discharge greater than
64.6 million gallons a day to the surface. Spring Creel Springs of Wakulla
County has an average discharge of over a billion gallons of water each

day.
ay. Ve
ke 13 actually a sprng which opers nto and
undenwater cave system Fhoto-Ron DeAmorim
. . . This map shows the location of ma)
Sinkholes, a sometimes problematic karst feature, form when a water ;P’I,’I,}g’:f,,},-ﬁ:j;nrer.-fcglﬁzzgfffé
formed void in carbonate rock collapses. Collapse sinkholes occur when first magniude springs while the
a large void forms in the limestone. The cavity continues to grow in white dots represent second and third
size until it can no longer support the weight of the overlying sand and magnitude Springs . .
soil. At this time the surface collapses forming a sinkhole, usually rapidly ﬁmﬁ”‘;ﬂf\'j‘m L_'-;':?S’;,'L‘;I‘I'_FL‘\’,’&",- e \
and sometimes catastrophically. The famous Winter Park sinkhole that R e B I T !
opened in May 1981 had a volume of almost a quarter of a million cubic ot s -
yards. =.=
8| =
Lefe \Water begins 1o dissolve = ™

the lrrestone aouifer

In some locations, rivers flow into sinlkholes or other openings in the
ground and “disappear” below the Earth’s surface. These underground
rivers flow though pore spaces as well as through underground caves.
\When groundwater moves through these natural pipes, it is called
conduit flow. Later the water may issue forth from springs. As you can
see, natural systems are all interconnected. \What you do in one place
may affect water quality hundreds of miles away.

\Water that enters the aguiler

Rghe Cwer trre, the voird River fiowing nto a sk frovnthe strearmor frormrain water
expands as water which ends up i the seeping through the soi wil
continues to dissolve the groundwater discharge at this spring

roch

he patentiometric
5, the lard surface
the void below

Left Thes huge srkhole apersd All of the water (ram, surface water, wasle water, 812 | that

up in Winter Park, Florida enters the aguifer and decharg this spvinig & sad

in May, 1981 Notice the four to criginate fromwithin this springshed

lare rozd for scale The red crcle

ifi. the upper lait narks o The interaction of surface and groundwater has brought about the idea
S'Dsf_gf Fhoto-Florida Geologic of springsheds. A springshed is the entire area that contributes water to

agiven spring. For example, assume there is a lake that is connected by
groundwater flow to a spring 50 miles to the south. This lake, although
50 miles away, is within the springshed. Everyone needs to be careful
about what they put in the groundwater. It may not only affect the water
directly below their feet, but also many miles away.

Far inquines o a ooy ofthe postee
Cona

Fizricta Elpolagic uvey
Gt Bikding VG %03 W Tirrwies 11 Tabrusiee FL
3047700

(950 4535380

Figure 2-6. Florida’s Karst & Groundwater Educational Exhibit Poster: Karst in Florida.
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Because of Florida's unique geologic conditions,
- interaction of the surface water groundwater
~iis systems is of particular concern. As you have seen,
| - surface water often enters the groundwater sc&‘z
through sinkholes. Rivers, wetlands, and lakes
u ace wq er c ute water to and take water from aquifers. If
i the water table is high, depressions in the land surface
may fill with water creating lales or wetlands. If the

Interaction Bl it ettt

Sometimes, people pump more water out of an aquifer than they should. \When this happens, the water table can become lower and water may
drain out ol' lakes and into the aquifer to replace water that is being pumped out. In extreme cases, over pumping of an aquifer can cause lakes
and wetlands to dry up and enhance the formation of sinkholes.

Mot only does water ea:ll'y enter the groundwater from the surface, but so does contamination. There are two types of pollution sources:
point source and non-point source. Point source pollution refers to pollution that originates from a definable source such as a leaking underground
storage tank or a factory. Most non-point source pollution comes from fertilizers and pesticides spread on fields, lawns, and parks.

Groundwater/

Agriculture is one of the largest

sources of non-point source poliution effecting

surface and ater. Nitrogen, the active

component in fertilizer, Is called a limiting nutrient. It is something that

gants need to grow, but is found in limited quantities in nature. If
rmers over-apply ferﬁfiaers, lhe excess nitrates may get into surface

The amount of time
water spends in an uife!,
between when it enters via
and leaves through discharge, is called nesudme
time. In aquifers where water flows more slowly, like
sandstone aquifers, bacteria has time to digest contaminants.

h of algae In paore spaces, residence time of water in some limestone aq is so short that there

sPHn,cg}ﬁ anma and damagi,;? xmm,m 'Xeass hitrates and is not enough time for natural processes to remove the contamination.
es run off of crops and up in drinking water, sometimes
mdﬁng in health problems in humans and animals. Nitrates can also
inate from animal manure, q spray and some

types of rocks.

The portion of water in a stream
that comes from the groundwater
supply is referred to as base flow.
If no water enters the stream from
runoff or rain, the level of a stream
at base flow slag:lteve! of water
in a stream) marks the surface of
the water table. The amount of
‘water that an aquifer contributes
to a stream varies between
locations.

Figure 2-7. Florida’s Karst & Groundwater Educational Exhibit Poster: Groundwater / Surface Water

Interaction.
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Figure 2-8. Florida’s Karst & Groundwater Educational Exhibit Poster: “How Can You Help?”

How you

can help

Savin Water Indoors

1) Never er cdown the drain when there may be ancther ure for it — such a: watering a plant
or ga ‘ror ciean ning.

2) Verify that your hame i leak free. Many homes have Ty W Ikl Pl i ko o i et
And after A twe hour perkod when no water i by the same,

there is 4 beak.
3) Repair anpgmg Faucets by replacing washers. If your faucet is dripping at

rate of one drop Per $EConT, You AN EXPECE to waste 2700 gallons peryear. "This adds to the cosk of water
and sewrer uENIe, or can Soan nyours rystem.

4) Retrofit all household faucets by installing aerators with flow i e~

5} Check dding g ta the tank. leaking. color will appear

i tve lles b within 38 i bes. O out,

parts are Inexpensive, readily

avallable and easily installed. (Flush as soon as test |s done, since food coloring may stain tank.|

4] i bcliachansile frwcy ety sticho I the liaty pactifoc, betting ‘waksr rum onaantly, rephace ar sdi

?J Install a tollet dam or dizplacement dmu-. Sith 234 g o bottle, to cut down on the amount of water

fluzh, with the opemting parts. When purchazing
new or replacement tollets, consider ook i thak tioe s ti P i vt of aidor srdol
In many areas, low-voluma units are recuired by law.

han Al o0 20 ot aff s e adjusting e vy
5) Place & Busket in the showser £ £atth £1013 WaLEr and Ue this ta water plmu The same technique
can be used when washing dishes or vegetables in the sink.
10} In the shower, turn water on to get wet: tum off b Lither up; then tum
back on to rinse off. Repeat whon mmm? your halr.
11) Operate automatic dishwazhers and clothes washers only when they are fully loaded. Set the water
fewed for the size of load you are usin. na.
2) When washing dishes by hand, fill one sink ar basin with soapy water. Quickly rinse under a slow-
mwu,xwm fram the faucet.
13) Store drinking water in the refrigerator. Don't ket the tap run while you are
wakting for cool water to flow.
14) Ds 9 th stherfrazen foods. ght in the refrigerator

15) Kitch en sink dlsposals redquire ot ufw“r to wpm rwu!y Instead of using 4 garbage disposal,
start s compost pile az an alternate method ood waaste, G‘Ma- ditposals alio can add
to of solids In a sept

?6}C=nndw' nstalling an instant water hmw,wrhﬂuhn sink 50 you don t have ta et the water run

while it heatz, Thi

17} Insulste rmmwu You Ul get hat water fater and svosd wasting

tor while it hoats.

1 8] Never inztall & waterto-air heat pum p or air<enditisning sy stem, Newer

Abr-to-alr models are just 43 efficient and do not waste water.

19) Dont lat water run whila shaving o washing your face. Brush your tasth

firzt while waiting for water ta get het, then wath or thave after filling the Bazin.

20} Install water softening systems anly when necessary. Save water and sait by running the minimum

nocessaTy water sofness. Turn softenars off while on vacation

21} I you ha at heme, check your pump periodically. Listen to hear if the pump kicks on and off

while water s not Iulng used. ifie ‘MEJ{U\I have aleal
Dispose of tisues, insacts and other similar waste bn the trach

ratherthan the tallet.

Saving Water Out Doors
23) Don Yoverwater your Lawn. Az a general rule, lawns only need waterin
every 5 to 7 days in the summer and every 10 to 14 days in the winter. A hearty raln efiminates the need
for watering for up to two weeks. Buy A rain gauge and use it to determine how much rain your yard has
received. Most of the year lawns only need | inch of water per week.
24) Plant it sman. Xerizcape™ landicaping it a great way te design, install and maintain both your plants
and imigation ryne-n More importantly, it will zave
Hme, money and water,
25}\1{4“!1‘““ during the early when This
reduces losses from eva) tion.
26) Don uuw;,‘lnum water your streot, driveway or |!dﬂulk Pazitian

om 30 water lands on the lawn and shrubs —not the paved
27) Instatl Irr|'|\|=r| devices that are the most water efficiont l'ﬂr each use.
wm ‘...d dﬂPlrri'-Uw ,.-e soaker hoses are w.m ples of water efficiont Irrigation methods,

28) i 9 Larfy to be sure they operate properly. Florida law

that anyanc and Ifuzalh an autematic lawn sprinkier system MUST install
& raln pangor device or switch which wil irrigation cysle of s when adequate
29“!.!!((! moum mower blade to atleast 3 I'uhu or to itz highest level. A higher cut encourages gnu
por, shades the rect system and halds soll han a clozely

!opA‘.da awmﬁmug your lawn. Fertilizer intrease . Apply fertilizers
that contain slew-release, waterinsoluble forms of nitro,
31) Use mulch to retain mokture in the soll. Mulch alsoh -lw control weeds that compete with Landscape
plants for water.

) P e andior gh o , ground , shrubs and trees. Once established, they
o & and ly will survive s dry period without watering. Group plants

er based on similar water needs,
eur driveway or sidewalk. Use a broom to clean leaves
and ather debris from these areas.
34) Use & shut-off nozsle on your hase which can be adjusted down toa
apray 30 that waker News only a2 needed. When finizhed, turn it off at nu l'au:e! instead of atthe nozie
to make sure plastic or rubber washers are in place. Wahers prevent

leaks.
35| Do not leave sprinklers or hases A peur cut 500 gall enly
3 fivs Hiouirs. Upw & ikshion Wmar to rymind yoursalft wuim sprinkders. of.

35) Aveid pureh that require 4 censtant stream of water,

37) Consider using a commercial car wash that recycles water. If you wash your
orn che. park o e greas s usw s hians with an satemas shuboff nossls.

38) Aveid the fsuch unbess the water s recyelod.
39 If you have a mnmmng pool, cansidera ving paol filter. A singl a
traditional filter uses 180 ta 250 gallons of water.

General Water-Saan Tips
) 1 3 your questions at public meetings
,w.—l-ml or wate =t dstrict.
41) B water

in cﬂ'«un,w community. Dan't azsume —rven i you et your water from a private well —that you do

not need to chzerve good wateruze rules. Every dr\w sounts,

ll}!ncuuug!yw( employer to p in Suggest that water
play dtraining

Brwv«m

[ wiater such as that anly
serve water upon request
44] Report all significant water lozses (broken plpes, open hydrants, erran
sprinkders, abandoned «-mmngw\nu #tc | to the property owner, Tocat authorities o your water
mmgmm

rschool g help develop and

Bromote a4 water prebdios oy bk am ang ildren and adults.
06} jocts that Increased use of
hrlr"s«tlun 4n¢ ather uses.,
47) 5y and pregrams th & concern
among mmu bt dplipeeibyhovbidghasy your viiors undertand the need for, and benelits of,
watar consorvation,
48) yeur and tobe part of

in . on bulletin boards and by example. Encourage ywrfllmd‘»
eighbers and wwwkm to dv\helr Nn
49) Conserve water do. Don't waste
because someone else is l'm ehc Bill such a5 when you are taying at s hotel
50 Try ta do one thing each day that will result in saving water. Don tworry If the savings are minimal
Every drep counts. Yeu can make a difference.
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Figure 3-1. Map and layer data fields for Hornsby Cave located in the Western Santa Fe River Basin as
extracted from the Florida Cave Database. Examples of the Point and Line attribute tables are shown
as insets. Note that the Point attribute table does not show all fields.
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Figure 4-1. Partial map of the Leon Sinks cave system relative to the Lake Munson 7.5 minute USGS
topographic quadrangle showing the location of Sullivan, Cheryl, and Emerald Sinks, which were used
for injection and sampling for the Groundwater Tracing Study.
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Figure 4-2. Map of the WoodVville Karst Plain, north central Florida showing the location of major caves
connecting water filled sinkholes in the north and Wakulla cave in the south. Regional potentiometric
contours in the Floridan aquifer are from Barr (1987). Physiography is from Rupert (1988).
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Tracer Recovery Curve, Sullivan Sink - Cheryl Sink
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Figure 4-3. Tracer recovery curve from the groundwater tracer test conducted between Sullivan Sink and

Cheryl Sink, Woodville Karst Plain, Florida, July 2002. Note that the depression in the tracer
concentration just after the peak arrival is attributed to a temporary cessation in the injection due to a

temporary problem with the injection pump.
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Tracer Recovery Curve Cheryl Sink - Emerald Sink
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Figure 4-4. Tracer recovery curve from the groundwater tracer test conducted between Cheryl Sink and
Emerald Sink, Woodville Karst Plain, Florida, July 2002.
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Comparison of Standardized Curves
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Figure 4-5. Normalized tracer recovery curves for both the Sullivan-Cheryl and Cheryl-Emerald
groundwater tracer tests, Woodville Karst Plain, Florida, July 2002.
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APPENDIX | - CONTACT INFORMATION

FSU-GFDI

38



Timothy J. Hazlett, Ph.D.
Project Director

Hazlett-Kincaid, Inc.
2012-A North Point Blvd.
Tallahassee, FL 32308

Phone: (850) 386-1944
hazlett@hazlett-kincaid.com

Todd R. Kincaid, Ph.D.
Project Coordinator

Hazlett-Kincaid, Inc.
747 Balzar Circle
Reno, NV 89502

Phone: (775) 322-9674
kincaid@hazlett-kincaid.com

Can Denizman, Ph.D.
Florida Cave Database Lead

Department of Physics,
Astronomy, & Geosciences
Valdosta State University
Nevins Hall

Valdosta, GA 31698-0055

Phone: (229) 249-2745
cdenizma@yvaldosta.edu

Gareth J. Davies, M.Sc.
Groundwater Tracing Lead

Cambrian Ground Water Co.
109 Dixie Lane
Oak Ridge, TN 37830

Phone: (865) 483-1148
gdavies@directvinternet.com

Jarrod Jablonski
Cave Consultant

Global Underwater Explorers
15 South Main St.

High Springs, FL 32643
Phone: (386) 454-0811
jj@gue.com

David Sweetin
Cave Consultant

Global Underwater Explorers
15 South Main St.
High Springs, FL 32643

Phone: (386) 454-0811
dave@halcyon.net

Marc Singer
Video Director

Global Underwater Explorers
15 South Main St.
High Springs, FL 32643

Phone: (386) 454-0811
marc@gue.com

FSU-GFDI

39




FSU - GFDI / FGS Collaboration...2002

APPENDIX Il - EXAMPLE METADATA FOR THE FLORIDA CAVE DATABASE
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FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION

DIVISION OF STATE LANDS

BUREAU OF SURVEY AND MAPPING

"DATA LINEAGE REPORT"

DATA

NAME................: hornsby line.shp

DESCRIPTION.........: Hornsby Springs Cave System Centerline Map.

VERSION/TYPE........: Arcview 3.2/line

SCALE. .....veeweee..s 1:24000

DATUM........o.e.....: NADS83

PROJECTION..........: Albers Equal Area Conic Area

MAP UNITS...........: meters

GENERAL AREA COVERED: Hornsby Springs Cave System, Alachua County
(Florida)

REPORT PREPARED BY..: Can Denizman

DATE OF PREPARATION.: 06-20-2002

CONTACT ORGANIZATION FOR THIS DATA

AGENCY..............: Valdosta State University
CONTACT PERSON......: CAN DENIZMAN
TITLE...............: ASSISTANT PROFESSOR

PHONE NUMBER........: 229/249-2745

AGENCY DATA NAME....: hornsby pt.shp

*xxxx KNOWN LINEAGE OF THIS DATA ****x

DESCRIPTION OF SOURCE MATERIAL(S) FOR THIS DATA

SOURCE TITLE........: Hornsby Springs Cave System Map.
SCALE...............: 1:5000

DATUM. ...t NAD83

MAP PROJECTION......: N/A

UNITS...............: METERS

MEDIA OF SOURCE.....: Paper

CONDITION OF MEDIA..: photocopied map

DATE SOURCE MATERIAL: 1977

UPDATE SCHEDULE.....: unknown

Underwater cave surveys are most typically performed by measuring:
azimuth, distance, and water depth change between consecutive survey stations

with a compass,

survey line knotted every 10 feet, and depth gauge. Passage

profiles are measured either manually with a knotted line or less frequently
with a sonar device. The resulting data is in the form of moving polar
coordinates based on a relative datum established at the cave entrance that
is not typically surveyed to a USGS benchmark.

CREATOR OF SOURCE MATERIAL(S) FOR THIS DATA
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Survey AGENCY/ORGANIZATION.: Hornsby Springs Speleogical Survey

Cartography Agency/Organization: Sheck Ex
Data Repository: National Speleological C

ley
ave Diving Section (NSS-CDS)

UNIT/SECTION........: map library
CONTACT PERSON......: Mike Poucher
TITLIE.......vvevev....: Vice Chairman
PHONE NUMBER........: 352-351-6620
EMAIL ADDRESS.......: mpoucher@atlantic.net
WEBSITE.............: www.cavediver.org

DERIVATION METHOD(S) FOR DATA
PRE-AUTOMATION COMPILATION. .. ..o eee.e.. : unknown
COMPUTER HARDWARE USED................: unknown
OPERATING SYSTEM. . v veereeweeeeenneees.: Windows-NT
DATABASE SOFTWARE AND VERSION USED....: unknown
GIS/MAPPING SOFTWARE AND VERSION USED.: ArcView 3.2
METHOD OF AUTOMATION......vvveveee.....: unknown
RESOLUTION OF AUTOMATION..............: unknown
TOLERANCE OF DIGITIZER, SCANNER, ETC..: unknown
INITIAL DATE OF AUTOMATION............: unknown
UPDATE SCHEDULE...... vttt eeeeeeeenewa..: Uunknown
SIZE OF DIGITAL FILE.....v.teeeeeoeea...: Unknown
FORMAT OF DIGITAL FILE................: unknown

CONTROL POINTS

NAME OF COORDINATE SYSTEM USED....: Geographic

LIST REGISTRATION POINTS..........:

-82.59317 29.85095
-82.58660 29.84638

BOUNDING COORDINATES OF THIS DATA:

Northern Bounding Coordinate 28.85
Southern Bounding Coordinate 29.84
East Bounding Coordinate -82.58
West Bounding Coordinate -82.59

NOTES ON DERIVATION

The original cave survey was made by Hornsby Springs Speleological Survey and

cartographed by Sheck Exley in 1977. Digital data was produced by digitizing

the cave map using CalComp digitizer board in

ArcView 3.2 environment. The

map was georeferenced using 1/24,000 USGS topo quad. It was projected to

Albers using projection tools in ArcTools.

EXPLANATION OF PROCEDURES USED TO TRANSFORM T
(verbal description, algorithms, projection,

HE DATA
commands, as needed)

When reprojecting from DEP/BIS library use the following projection

NOTE :

parameters:
Projection: Albers Equal-area
Datum: HPGN

Conic
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Units: meters

Sphere: GRS80
Central Meridian: -84 degrees
Reference Latitude: 24 degrees

Standard Parallel #1: 24 degrees
Standard Parallel #2: 31.5 degrees
False Easting: 400,000
False Northing: 0

FIELD DESCRIPTIONS

1 Name : Alias **first 20 characters only**

2 Type : numeric/string

3 Width :

4 Decimal

1 2 3 4
SHAPE FIELD LINE 10 0
LENGTH FIELD NUMERIC 12 3
ID NUMERIC 10 0
AV _ELEV FT NUMERIC 5 0
AV _WIDTH FT NUMERIC 5 0
AV _HEIGHT FT NUMERIC 5 0
REVERSAL STRING 30 0
OWNERSHIP STRING 30 0
LAND USE STRING 30 0

Entity and Attribute Information:
Detailed Description:
Entity Type:
Entity Type Label: hornsby line
Attribute:
Attribute Label: FID
Attribute Definition: Internal feature number.
Attribute Definition Source: ESRI
Attribute Domain Values:
Unrepresentable Domain: Sequential unique whole numbers that are
automatically generated.
Attribute:
Attribute Label: Shape
Attribute Definition: Feature geometry.
Attribute Definition Source: ESRI
Attribute Domain Values:
Unrepresentable Domain: Coordinates defining the features.

Attribute:

Attribute Label: LENGTH
Attribute:

Attribute Label: ID
Attribute:

Attribute Label: AV ELEV FT

Attribute Definition: Average passage ceiling elevation in meters.

Attribute Definition Source: Calculated by averaging elevation values
along the passage. Elevation values were calculated by subtracting water
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depth measurements from the water level elevation at the entrance of the
cave. Based on the 7.5-minute topographic quadrangle, water level elevation
for Hornsby Spring was accepted as 35 ft??? ASL.

Attribute:

Attribute Label: AV WIDTH FT

Attribute Definition: Average passage width in meters.

Attribute Definition Source: Calculated by averaging the width along
the passage reported on the original map or in the original survey data, or
measured from the original map.

Attribute:

Attribute Label: AV HEIGHT FT

Attribute Definition: Average passage height in meters.

Attribute Definition Source: Calculated by averaging the difference
between elevation of conduit top and elevation of conduit bottom measurements
reported on the original cave map or in the original survey data.

Attribute:

Attribute Label: REVERSAL

Attribute Definition: Hydrologic reversal of the karst conduit system.

Attribute Definition Source: Anecdotal notes provided with cave maps or
reported by cave divers.

Attribute:

Attribute Label: OWNERSHIP

Attribute Definition: Land ownership above cave.

Attribute Definition Source: maps and/or public records.

Attribute:

Attribute Label: LAND USE

Attribute Definition: Land use above cave.

Attribute Definition Source: maps and/or public records.

LIMITATIONS OF THE DATA / WARNINGS TO THE USER:

Data represents estimated location of underwater cave based on best available
data.
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APPENDIX IIl - FLORIDA CAVE DATABASE STATUS TABLE
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APPENDIX IV - GROUNDWATER TRACER TEST RECOVERY DATA
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Raw time-concentration data for test: Raw time-concentration data for test:
Sullivan Sink - Cheryl Sink Cheryl Sink - Emerald Sink
Sampling Sampling
Concentration Interval Concentration Interval
Time (hours) (ppb) (minutes) Time (hours) (ppb) (minutes)
0.00 0.00 0.00 0.00
1.72 0.00 103.2 0.58 0.00 34.8
1.83 0.00 6.6 0.83 0.00 15.0
2.08 0.00 15.0 1.08 0.00 15.0
2.33 0.00 15.0 1.67 3.15 35.4
2.80 0.00 28.2 2.00 96.62 19.8
3.08 0.00 16.8 2.13 124.90 7.8
3.33 0.00 15.0 2.28 107.93 9.0
3.58 0.00 15.0 2.48 96.62 12.0
3.83 0.00 15.0 2.90 2717 25.2
4.08 0.00 15.0 3.22 14.58 19.2
517 0.00 65.4 3.57 9.24 21.0
5.33 0.00 9.6 3.75 8.53 10.8
5.58 0.00 15.0 3.92 5.21 10.2
5.83 0.00 15.0 4.25 3.97 19.8
6.17 0.00 20.4 4.50 0.45 15.0
6.58 0.00 24.6 4.75 0.41 15.0
7.08 0.00 30.0
7.58 0.00 30.0
8.08 0.00 30.0
8.33 0.00 15.0
8.42 0.00 54
8.50 0.00 4.8
8.83 0.00 19.8
9.08 0.00 15.0
9.33 0.00 15.0
9.58 0.00 15.0
9.83 0.00 15.0
10.08 0.00 15.0
10.33 0.00 15.0
10.83 0.00 30.0
11.33 0.00 30.0
11.83 0.00 30.0
12.35 0.00 31.2
12.83 0.00 28.8
13.33 0.00 30.0
14.33 0.00 60.0
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14.83 0.00 30.0
15.33 0.00 30.0
15.83 0.00 30.0
16.33 0.00 30.0
16.83 0.00 30.0
17.33 0.00 30.0
17.83 0.00 30.0
18.33 0.00 30.0
18.83 0.00 30.0
19.33 0.00 30.0
19.83 0.00 30.0
20.33 0.00 30.0
20.83 0.00 30.0
21.33 0.00 30.0
22.08 0.00 45.0
23.33 0.00 75.0
23.83 0.02 30.0
24.25 0.03 25.2
24.42 0.05 10.2
24.53 0.06 6.6
24.77 0.06 14.4
25.05 0.12 16.8
2517 0.14 7.2
25.40 0.18 13.8
25.58 0.21 10.8
25.67 0.25 5.4
25.95 0.33 16.8
26.33 0.40 22.8
26.67 0.52 20.4
27.08 0.67 24.6
27.93 1.00 51.0
28.28 1.22 21.0
29.02 1.58 44 .4
29.68 1.89 39.6
30.18 2.26 30.0
30.73 2.35 33.0
30.90 2.34 10.2
31.33 2.47 25.8
31.83 1.19 30.0
32.33 1.89 30.0
32.83 212 30.0
33.33 2.12 30.0
33.83 2.07 30.0
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34.33 2.03 30.0
35.33 1.70 60.0
36.32 1.51 59.4
37.33 1.28 60.6
38.33 1.10 60.0
39.33 0.96 60.0
40.33 0.82 60.0
41.33 0.71 60.0
42.33 0.59 60.0
43.33 0.55 60.0
44.33 0.43 60.0
45.33 0.39 60.0
46.67 0.25 80.4
48.13 0.23 87.6
49.40 0.24 76.2
50.67 0.20 76.2
53.33 0.12 159.6
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APPENDIX V - GROUNDWATER TRACER TEST / QTRACER PROGRAM RESULTS
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Output for Results of Quantitative Tracer Test: Cheryl Sink - Emerald Sink.

Limits to integration for the data file:cherEMER.DAT

Lower integration limit
Upper integration limit
The quantity of tracer recovered

Distance from input to outflow point
Corrected for sinuosity = 1.50X
Time to leading edge (first arrival)
Time to peak tracer concentration
For a peak tracer concentration
The mean tracer transit time

Standard deviation for tracer time

The mean tracer velocity

Standard deviation for tracer velocity

Dispersion coefficient
Longitudinal dispersivity
Peclet number

The maximum tracer velocity

Karst-conduit volume estimate
Karst-conduit cross-sectional area
Karst-conduit surface area

Tracer sorption coefficient (conduit)
Hydraulic head loss along conduit
Based on a friction factor

Laminar flow sublayer along walls
Estimated Reynolds number

Based on an estimated tube diameter

Estimated Froude number

Based on an estimated hydraulic depth

Shear velocity
Percent recovery of tracer injected

Accuracy index (0.0 = Perfect Recov.)

.00000 hrs
4.7500 hrs
.61865 kg
618.65 ¢

.61865E+06 mg
.61865E+09 ug

300.00 m
1.6700 hrs
2.1300 hrs
124.90 ug/L
10224 d

2.453779 hrs
147.2267000 min
.20064E-01d
48153 hrs
28.89157000 min
2934.250000 m/d
122.2604 m/hr
.33961E-01 m/s
169.41 m/d
7.0587 m/hr
.19608E-02 m/s
.47850E-01 m”*2/s
14089 m
212.92
Advection > Diffusion
4311.377000 m/d
179.6407 m/hr
.49900E-01 m/s
13957. m"3
46.524 m"2
2261931.0 m”"2
.13462E-04 m
.27019E-03 m
11788
3.2069 mm
229277.0000
7.6965 m
.44109E-02
6.0448 m
.73069E-02 m/s
99.78 %
2177E-02
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Listing of total estimates for: cheremer.d

Total quantity of tracer recovered .61865 kg
618.65 ¢
Total aquifer volume estimate 13957. m"3
Total aquifer surface area estimate 2261931.0 m
Final tracer sorption coefficient .13462E-04 m
Percent recovery of tracer injected 99.78 %
Accuracy index (0.0 = Perfect Recov.) 2177E-02

Output for Results of Quantitative Tracer Test: Sullivan Sink - Cheryl Sink .

Limits to integration for the data file: sullcher.DAT
Lower integration limit .00000 hrs
Upper integration limit 53.330 hrs
The quantity of tracer recovered 16076 kg
160.76 g

16076E+06 mg
16076E+09 ug

Distance from input to outflow point 2.5905 km
Corrected for sinuosity = 1.50X

Time to leading edge (first arrival) 23.830 hrs
Time to peak tracer concentration 31.330 hrs
For a peak tracer concentration 24700 ug/L
The mean tracer transit time 14651 d

35.16129 hrs
2109.677000 min

Standard deviation for tracer time 23961 d
5.7506 hrs
345.0333000 min

The mean tracer velocity 1768.194000 m/d

73.67476 m/hr
.20465E-01 m/s

Standard deviation for tracer velocity 34.741 m/d
1.4475 m/hr
.40209E-03 m/s
Dispersion coefficient 25118 m”"2/s
Longitudinal dispersivity 12.273 m
Peclet number 211.07
Advection > Diffusion
The maximum tracer velocity 2608.980000 m/d

108.7075 m/hr
.30197E-01 m/s

Karst-conduit volume estimate .21519E+06 m”3
Karst-conduit cross-sectional area 83.068 m"2
Karst-conduit surface area 14476010. m"2
Tracer sorption coefficient (conduit) .54486E-01 m
Hydraulic head loss along conduit .53717E-03 m
Based on a friction factor .99870E-01
Laminar flow sublayer along walls 5.7817 mm
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Estimated Reynolds number

Based on an estimated tube diameter
Based on an estimated hydraulic depth
Shear velocity

Percent recovery of tracer injected
Accuracy index (0.0 = Perfect Recov.)

Listing of total estimates for: sullcher.d

Total quantity of tracer recovered

Total aquifer volume estimate

Total aquifer surface area estimate
Final tracer sorption coefficient
Percent recovery of tracer injected
Accuracy index (0.0 = Perfect Recov.)

184617.5000
10.284 m
8.0772 m
.40529E-02 m/s
2143 %
.7857

16076 kg
160.76 g
21519E+06 m"3
14476010. m
54486E-01 m
2143 %
7857
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