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The Manatee Springs dye trace was conducted to assess the potential of a hydraulic connection 
between a karst drainage feature, identified herein as the Chiefland Sink, and Manatee Springs 
(including its cave system), and municipal and private water wells located near and 
downgradient of Chiefland Sink.  As originally scoped, the project included a second dye trace 
(Fanning Springs dye trace) with a planned dye release location at a sink, identified herein as the 
Lancaster Sink.  However, due to project-related time constraints caused by flooding and 
sustained high water levels in the Suwannee River that caused flow reversal in both Fanning 
Springs and Manatee Springs, and dye trace design considerations specifically related to these 
conditions, the second trace was postponed.  URS recommends that the Fanning Springs dye 
trace be conducted to complete the study as originally scoped, when water level conditions are 
favorable and funding is available. 

Prior to beginning the Manatee Springs dye trace, background sampling was conducted, which 
indicated the presence of fluorescein in charcoal samplers positioned at one location, Manatee 
Springs Blue Water Tunnel, at concentrations ranging from 0.643 parts per billion (ppb) to 1.72 
ppb.  The source(s) of these low concentrations of fluorescein is unknown; however, 
urbanization within the karstic study area suggest its origin may plausibly be described as 
“anthropogenic background.” 

On August 3, 2009 (Day 0), 25 pounds of rhodamine WT dye was released into the Chiefland 
Sink.  The dye release was immediately followed by flushing approximately 89,000 gallons of 
chase water in the sink.  Stormwater that entered the Chiefland Sink as a result of rainfall that 
fell the next day delivered a considerable amount of additional water into the sink.  During the 
next 40 days (August 4 through September 13, 2009), charcoal samplers and water samples were 
collected at scheduled intervals at three springs, two cave tunnels, three river locations, five 
public water wells, and one private water well in the study area.  A total of 243 charcoal 
samplers and water samples were collected, of which 76 were analyzed.  There were 24 dye-
positive charcoal samplers, and one dye-positive water sample.   

The first detection of rhodamine WT dye occurred between Days 4 and 8 at the Manatee Springs, 
Manatee Springs Main Tunnel, and Manatee Springs Blue Water Tunnel sampling stations.  The 
dye reached its highest detected concentrations at the Manatee Springs Main Tunnel and Blue 
Water Tunnel locations between Days 8 and 12, and at the Manatee Springs sampling station 
between Days 12 and 16.  A water sample collected on Day 12 at Manatee Springs tested 
positive for dye.  Laboratory analyses indicated dye was still present at the Manatee Springs and 
the Main Tunnel sampling stations, over the Days 32 to 40 time interval. The final detection of 
dye in the Blue Water Tunnel was in the charcoal sampler positioned during the Days 21 to 25 
time interval. 

The detection of rhodamine WT dye at Manatee Springs and its cave system indicates a direct 
hydrologic connection between the Chiefland Sink and the Manatee Springs Cave System.  
Given that the distance between Chiefland Sink and Manatee Springs is 7.26 miles, the estimated 
range of groundwater flow velocity between the sink and the cave/spring system is 
approximately 9,600 feet per day (four-day travel time) to 4,800 feet per day (eight-day travel 
time) under the conditions present during this dye trace. These flow rates indicate that, in 
addition to matrix-bound flow, conduit flow must be considered when developing an 
understanding of the hydrogeologic framework of the area.  No dye was detected in any of the 
six water wells monitored during the study, including the five public supply wells.   
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1. Section 1 ONE Background 

URS Corporation Southern (URS) was contracted by the Florida Department of Environmental 
Protection (FDEP) under the WM-946 contract to perform a qualitative dye trace to identify 
potential hydrogeologic connections between Chiefland Sink and Manatee Springs in Levy 
County, and between a sink near Lancaster Correctional Institution and Fanning Springs in 
Gilchrist and Levy Counties.  URS was supported by its team member Karst Environmental 
Services, Inc. (KES).  A map of the study area is presented as Figure 1.  An aerial photograph of 
the study area is presented as Figure 2. 

1.1 OBJECTIVE AND SCOPE 
The objective of this study was to identify potential hydraulic connections between Chiefland 
Sink and Manatee Springs through the use of a qualitative dye trace.  As originally scoped, this 
study included a dye tracer test at Fanning Springs; however, this component of the study was 
postponed for reasons discussed in the following sections. 

Secondary goals of this study included determining if any hydraulic connections existed between 
Chiefland Sink and selected public and private water supply wells, determining the approximate 
arrival time of the dye at the spring and wells, the relative strength of dyes present, and durations 
of the dye.   

The scope of this qualitative dye trace study included the following elements: 

1. Dye trace design, planning and logistics: coordination and scheduling of personnel; 
identification of dye introduction and sampling locations/stations; development of 
sampling schedules; obtaining site and well access permissions (where needed); securing 
FDEP approvals; notification of the Levy County and Gilchrist County Health 
Departments, Suwannee River Water Management District (SRWMD), the City of 
Chiefland, and other public agencies. 

2. Establishment of dye sampling stations and conducting background sampling and 
analysis. 

3. Introduction of dye into the groundwater at Chiefland Sink. 
4. Dye sampler collection and replacement and water sample collection during the study 

period, along with sampler handling and preparation and shipment to the analytical 
laboratory. 

5. Laboratory analyses of dye samplers and water samples. 
6. Data management and reporting.     

Photographs taken over the course of the study, which document site conditions, are presented in 
Appendix A. 

1.2 WEATHER CONDITIONS 
The Fanning Springs and Manatee Springs dye trace study was originally scheduled to begin in 
April 2009.  However, severe flooding and a corresponding rise in the Suwannee River water 
level began in late March and peaked in mid-April 2009, with high water level conditions 
continuing into May 2009.  Record-breaking floodwaters moved down the Suwannee River 
during this time period.  Two major tributaries of the Suwannee River, the Withlacoochee and 
the Alapaha, set new flood records in April 2009.  The Withlacoochee River at Pinetta, Florida 
reached a new record height on midnight of April 7, 2009. The United States Geological Survey 
(USGS) measured the peak height at 41.34 feet, the highest measurement in 77 years of records. 
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The previous record for the river's height was set during the 1948 flood, when the river reached a 
height of 38.64 feet.   

The rise of the Suwannee River was so significant that a flow reversal was observed at both 
Fanning Springs and Manatee Springs.  That is, rather than the springs discharging water into the 
river, the increase in hydraulic head caused by the increase in the river level caused spring flow 
to reverse, and water from the Suwannee River flowed or “back siphoned” into the springs, 
charging the aquifer with river water.  Flow reversal was documented by KES staff on April 3 
and April 10, 2009 and appeared generally to reach equilibrium in early May 2009.  At noon on 
May 4, 2009, Mark Long (KES) made a brief dive at Fanning Springs and made the following 
field observation: 

“The spring is outflowing, barely. There was no improvement in visibility at the vents. I 
had about 3 ft visibility with a powerful light. The spring right now appears to be 
discharging river water.” 

After about one month the river stage had dropped and spring discharge was observed to be 
“clear,” suggesting that the majority of surface water that entered the groundwater system during 
the flow reversal had been discharged.  A graph depicting the level of the river as measured at 
the USGS 02323566 Manatee Springs river gauge located near Chiefland, Florida is presented as 
Figure 3. 

1.3 SCOPE REDUCTION 
While weather and site conditions allowed for the Manatee Springs dye trace to proceed, special 
consideration was given to dye possibly affecting the public supply well that supplies the 
Lancaster Correctional Institution.  A recommendation was developed that called for releasing a 
relatively small amount (about 1 to 2 pounds) of eosine dye into the Lancaster Sink and 
monitoring the Lancaster Correctional supply well, to be followed by a release of fluorescein 
dye.  Eosine is generally not considered to be visible under field conditions at relatively high 
concentrations (e.g., about 13,000 ppb), but can readily be detected through the use of scanning 
spectrofluorophotometric methodologies.  It was believed that the amount recommended for 
release would allow for detection through laboratory analysis without the undesired result of 
being visible in a public water supply well.  Flooding delayed the start of the project by about 
two months; and it was determined there would not be sufficient time to conduct the small eosine 
trace and the subsequent fluorescein trace within the contracting period.  Therefore, the Fanning 
Springs dye trace was postponed.  

1.4 PERSONNEL AND ACKNOWLEDGEMENTS 
This study was designed, organized and supervised by Peter L. Butt (KES) and Bill Colona 
(URS).  Dye release was conducted by Peter Butt, Mark Long, Bill Colona, Georgia Shemitz and 
Matt Hubner.  Charcoal sampler and water sample collection was conducted by Peter Butt, Mark 
Long and other KES staff.  This report was prepared by Peter Butt and Bill Colona. 

URS and KES would like to acknowledge and thank the following individuals and organizations 
for their support and contributions to the success of this study: 
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• City Manager Grady Hartzog, Water Facilities Manager Shane Keene and staff; City of 
Chiefland Public Works Department  

• Ron Sherman, Florida Department of Transportation 

• Sally Lieb, Park Manager, Bryon Maxwell, Asst. Manager, and the staff of Manatee 
Springs State Park  

• Steve Davenport, Assistant Manager, and the staff of Fanning Springs State Park 

• Staff of the FDEP Division of Recreation and Parks, Bureau of Parks, District 2 

• Michael Poucher, National Speleological Society, Cave Diving Section, current survey 
effort coordinator (Manatee Springs Cave maps and survey data) 

• Todd Kincaid, H2H (cave survey data support) 

• Cave survey and documentation efforts by various individuals and members of the 
National Speleological Society-Cave Diving Section, National Association for Cave 
Diving and Global Underwater Explorers over the four past decades  

• Gerald Roberts, Warden, and Rick Landrum, Maintenance Supervisor; Lancaster 
Correctional Institution 

• Richard Tummond, Levy County Water Department 

• Rick Tisdale, Springside Subdivision water system 

• Bobby and Angela Barnhill, Barnhill Landscaping, Chiefland 

• Nancy Nieman, Otter Springs Park 

• Suwannee River Water Management District 

• Tom Greenhalgh and the Florida Geologic Survey 

• John Davis, PG, FDEP, Northeast District Office 
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2. Section 2 TWO Geology of the Study Area 

The study area is located in northwestern Levy County and southwestern Gilchrist County, and 
includes the cities of Chiefland and Fanning Springs, and Manatee Springs and Fanning Springs 
State Parks.  The Suwannee River forms the western boundary of the study area.  All springs in 
this study area discharge into the Suwannee River.    

The Chiefland Sink is located on the northwest corner of the intersection of NE 4th Avenue and   
NE 4th Street in the City of Chiefland, just west of Alternate U.S. Highway 27.  Manatee Springs 
is located approximately 7.25 miles west of Chiefland, and within Manatee Springs State Park.  
Lancaster Sink is located approximately 2.75 miles west of the City of Trenton, north of the 
Lancaster Correctional Institution.  Fanning Springs is located on the south side of the City of 
Fanning Springs and south of the U.S. Highway 19 bridge, within Fanning Springs State Park.   

2.1 GEOMORPHOLOGY 
The study area is located in northwestern Levy County and southwestern Gilchrist County near 
the town of Chiefland, Florida on the Chiefland Limestone Plain.  Levy County lies near the 
northern edge of the Midpeninsular Zone of Florida. This zone spans the Florida peninsula from 
the lower edge of the topographically higher Northern Highlands southward to approximately the 
Caloosahatchee River. The Mid-peninsular zone is partitioned into a series of geomorphic 
subzones. These subzones are differentiated based on elevation. Two of these subzones, the 
Central Highlands and the Gulf Coastal Lowlands, occur within Levy County.  A map showing 
the geomorphic features and surficial geology of Levy County is presented as Figure 4.  

The Gulf Coastal Lowlands geomorphic province parallels the present Gulf Coast of Florida 
from Ft. Myers northward, then westward around the Big Bend to the Alabama state line. In the 
vicinity of Levy County, the Gulf Coastal Lowlands extend distances of between 15 and 30 miles 
inland from the Gulf of Mexico shoreline, terminating at the western edge of the Brooksville 
Ridge. The Gulf Coastal Lowlands in Levy County are characterized by broad, flat, marine 
erosional plains, underlain by Eocene limestones, and blanketed by thin Pleistocene sands. 
Elevations within this province vary from 0 feet mean sea level (MSL) at the Gulf shoreline, to 
about 60 feet MSL near the Brooksville Ridge. Several geomorphic subdivisions, based on 
topography, divide the Gulf Coastal Lowlands zone in Levy County. These include the 
Waccasassa Flats, the Limestone Shelf and Hammocks, the Chiefland Limestone Plain, the 
Suwannee River Valley Lowlands, and the Coastal Marsh Belt. 

The flat, karstic limestone shelf in northwestern Levy County associated with the Pleistocene-
age Wicomico Terrace is named the Chiefland Limestone Plain. This plain extends from 
Gilchrist County southward into Levy County. The terrain is generally flat to rolling, 
characterized by a veneer of well-drained Pleistocene sands, generally less than 30 feet thick, 
overlying the solutioned Eocene limestones. Elevations range from 25 feet MSL at the southern 
edge of the plain, to nearly 50 feet MSL at the Levy-Gilchrist County line. 

2.2 GEOLOGY 
The oldest rock commonly penetrated by water wells in Levy County is marine limestone of the 
Eocene age Avon Park Formation. Undifferentiated Pleistocene to Holocene age surficial sands, 
clayey sands, and alluvium are the youngest sediments present. The Avon Park Formation and 
the younger overlying limestone units are important freshwater aquifers. 
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Marine limestones of the Ocala Group unconformably overlie the Avon Park Formation under all 
of Levy County except along the crest of the Ocala Platform, where the younger limestones 
erosionally pinch out against the Avon Park Formation. The Ocala Group is comprised of three 
formations; in ascending order, they are the Inglis Formation, the Williston Formation, and the 
Crystal River Formation. The thickness of the Ocala Group sediments under Levy County 
averages about 100 feet. The depth to the irregular and highly solutioned top of the Ocala Group 
is generally less than 50 feet. In western Levy County, and offshore of the modern coast, a thin 
blanket of sand covers the limestone; and exposures in the form of limestone boulders and 
pinnacles are common. The permeable and cavernous nature of the Ocala Group limestones 
makes them important freshwater-bearing units of the Floridan aquifer system. Many drinking 
water wells in Levy County withdraw water from the upper units of this group. 

Undifferentiated Pleistocene age marine quartz sands and clayey sands form a thin veneer over 
all of Levy County. In the western part of the county and on the Chiefland Limestone Plain, 
these sands are generally less than 20 feet thick and directly overlie the Ocala Group limestone. 

A geologic cross section through the study area is presented as Figure 5. 

2.3 WATER RESOURCES 
Three main rivers flow through Levy County and discharge to the Gulf of Mexico. These are the 
Suwannee River in the northwestern part of the county, the Waccasassa River in the central part, 
and the Withlacoochee River in the southern part. Numerous small streams and creeks transect 
the coastal limestone shelf and feed into these rivers or discharge directly into the Gulf of 
Mexico. The Chiefland Limestone Plain is drained by networks of underground caverns that are 
fed by numerous sinkholes and solution pipes that extend to land surface. Freshwater springs are 
common in the area. Four large springs and numerous smaller ones are scattered throughout the 
county. The four largest springs are: Manatee Spring, Fanning Springs, Blue Spring and Wekiva 
Spring. Manatee Springs, near Chiefland, and Fanning Springs, near the town of Fanning 
Springs, discharge to the Suwannee River and are the focus of this study. Manatee Springs and 
Fanning Springs are both Magnitude 1 springs with discharge rates greater than 100 cubic feet 
per second (cfs) per day. The SRWMD reports average discharge rates of 178 cfs for Manatee 
Springs and 113 cfs for Fanning Springs.  

The surficial aquifer system is the uppermost freshwater aquifer in Levy County. Where present, 
this non-artesian aquifer is contained within the interbedded sands and clays of the Alachua 
Formation and the overlying marine terrace sands in east-central Levy County. In western Levy 
County, the surficial aquifer system is thin or absent, occurring only in locally thick Pleistocene 
sands immediately overlying the Ocala Group limestone. Published data indicate the surficial 
sands are less than 20 feet thick in the study area and the surficial aquifer is not thought to be 
present. 

The Floridan aquifer is the only aquifer present throughout the entire study area. The aquifer is 
composed of fractured and cavernous limestones of the Ocala and Avon Park Formations.  The 
Floridan aquifer system is the water source for Manatee Springs and Fanning Springs, as well as 
the major source of drinking water in North-Central Florida.  Floridan aquifer formations are 
approximately 1,200 feet thick in the study area.  The Floridan aquifer is unconfined in the study 
area. The May, 2005 potentiometric surface map of the Floridan aquifer (Figure 6) indicates the 
direction of groundwater flow in the study area is west, towards the Suwannee River.  
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3. Section 3 THREE Study Area Features 

3.1 DESCRIPTION OF FEATURES WITHIN THE STUDY  
As depicted on Figure 1, the study area consists of the Fanning Springs springshed and the 
Manatee Springs springshed.  While the Fanning Springs dye trace was not performed, features 
within the Fanning Springs study area are identified on Figure 7, because some background 
work was conducted.  Features within the Manatee Springs study area are presented on Figure 8, 
and are described in the following sections.   

3.1.1 Suwannee River 
The Suwannee River represents the general western boundary for this study, and receives the 
discharge of all springs monitored.  This river is the boundary between Levy and Gilchrist 
Counties on the east and Dixie County on its west.  The bridge for State Highways 19/98 crosses 
the river at the northern end of the study area at Fanning Springs, and is the last bridge on the 
river before it enters the Gulf of Mexico.  The river can be accessed by numerous public 
landings.  The landings chosen as sampling points for this study were the Hart Ramp, Clay 
Landing and Usher Landing.   

The Suwannee River is the dominant hydrologic feature in the study area, directly affecting 
groundwater levels and spring discharge as it rises or falls due to inputs occurring in its upstream 
drainage, which extends all the way to the Okefenokee Swamp in Georgia.  The river level and 
discharge within the study area are also affected by ocean tides. 

3.1.2 Manatee Springs and Cave System 
Manatee Springs is one of Florida’s 27 first-magnitude springs. It has the distinction of being the 
last first-magnitude spring on the Suwannee River. It is also the last known spring on the 
Suwannee River.  A diagram of the Manatee Springs Cave System, presented as Figure 9, 
indicates that the cave system has over 5 miles of currently explored passage. The relatively high 
water velocity, extensive passage length, and dark cave walls have challenged explorers for over 
four decades.  An overlay of the Manatee Springs Cave System onto an aerial photograph is 
presented as Figure 10. 

The average depth of the Manatee Springs Cave System is around 85 feet.  There is a point 920 
feet upstream of Friedman Sink that gets slightly shallower than 30 feet deep.  There are some 
points in the main tunnel and side tunnels where the depths, as determined by a depth gauge 
worn by a diver exceed just over 100 feet with normal water levels. Under normal conditions, 
depths within the cave system are not known to exceed 110 feet.  

Water depths presented in the following descriptions are approximate, and represent the depths 
usually encountered by divers during normal water level conditions in these locations.  The 
variations in the levels of the water table and the Suwannee River affect depth gauge readings.  
There are also minor variations between the individual depth gauges used.  Use of the terms 
“right” and “left” here are referenced to an observer facing upstream and into the cave passages. 

The cave system has four known entrances; one spring and three sinks (or karst windows).  The 
first entrance is that of the spring pool, and it is also where all cave waters discharge.  The 
second entrance is in a large sink named Catfish Hotel, located 467 feet upstream from the 
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spring. The third entrance, Sue Sink, is 1,204 feet upstream from the spring. The fourth and final 
entrance is Friedman Sink, located 2,179 feet upstream from the spring. 

Entering the Manatee Springs pool a diver finds a limestone cliff that descends to an 
approximately 25-foot depth. From here the cavern bottom slopes down to a depth of around 50 
feet, where high-velocity outflow is encountered due to reduction in size of the entrance. The 
opening here is approximately 12 feet wide and 4 feet high. Just past the entrance the cavern 
enlarges to approximately 30 feet wide and 12 feet high. After a penetration of 50 feet the cave 
starts to descend and all natural light is lost.  

Approximately halfway to Catfish Hotel, there is an obscure entrance (about 2 feet high) to a 
side tunnel on the right (south) side of the cave that is known as the Snack Bar Tunnel. This 
tunnel is between 400 and 500 feet long.  It is characterized by moderate flow, low visibility, a 
very silty floor and several restrictions. The tunnel ends in a small room with at least two 
different sources of water issuing from small vents in the floor.  This tunnel was named 
following a survey that indicated that it is very nearly under the park’s concession stand “snack 
bar.” 

Catfish Hotel is a large sinkhole that is typically covered with duckweed year round. It has a 
relatively large, open, water basin and is a popular spot used for open-water scuba diving classes. 
The cavern is located under a limestone cliff on the north side of the sink.  Descending to 50 feet 
in depth from the surface, the cavern begins and drops to approximately 95 feet maximum depth 
on its south side, connecting to the spring 467 feet downstream.  The north side of the cavern 
opens to the upstream passage and quickly drops to 90 feet deep. The tunnel here is nearly 40 
feet wide and has a sand floor.  

Between Catfish Hotel and Sue Sink are two small side tunnels on the north side of the main 
passage.  The first is roughly 300 feet from Catfish Hotel and is known as the Cold Tunnel.  It 
continues for approximately 60 feet, and then ends. The second tunnel is approximately 500 feet 
upstream from Catfish Hotel and is too small to enter. There is a slight outflow emanating from 
this small tunnel; and, based on visible observations, its water is believed to be of a different 
quality or origin than that in the main passage. 

Sue Sink is less than half the size of Catfish Hotel and is used as an emergency exit only, as 
divers are not allowed to enter or normally exit there.  It is located within an organized camping 
area in the park.  The surface of this sink is completely covered with water lettuce. Beneath the 
surface, the bottom falls away into a vertical chasm that actually has two entrances that enter the 
main passage. At approximately 75 feet deep the diver passes over the top of the permanent line 
that runs through the cave.  Upstream from this section the cave takes on a rounder shape with 
some cross sections as large as 50 feet wide and 30 feet high. The main passage continues on to 
Friedman Sink. 

Between Sue Sink and Friedman Sink, there is a passage on the right (south) side of the main 
tunnel named the Sewer Tunnel.  Its entrance is 204 feet downstream from Friedman Sink. This 
unusual name is attributed to the presence of large, suspended particulates routinely observed in 
the water by divers.  This causes the visibility to be reduced beyond what is normally 
encountered in the main tunnel.  

About 100 feet upstream into the Sewer Tunnel, it branches into two passages.  The tunnel 
bearing straight ahead is called the Chalkley Bypass. This tunnel continues for another 300 feet 
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and reconnects into the main tunnel upstream of Friedman Sink. It is characterized by an eroded 
white clay floor. 

At the intersection, the second tunnel branches to the south and continues as the Sewer Tunnel 
for thousands of feet. This passage is characterized by low visibility, high outflow, and some 
restrictions.  Located 400 feet into this tunnel is one of the monitoring wells/instrument stations 
placed in the center of the cave passage by the Florida Geological Survey (FGS).   

This tunnel continues to wind and twist but generally takes a southerly direction.  After 
approximately 3,000 feet of distance (from Friedman Sink) the tunnel makes several branches 
and becomes much smaller.  Some of the tunnels require a special side-mount diving 
configuration.  Eventually, some of these tunnels reconnect. The size of the tunnel increases and 
the flow velocity increases. The Sewer Tunnel continues to a point where it enters the Manatee 
Springs Cave System’s main tunnel at a point 6,200 feet upstream from Friedman Sink (main 
tunnel distance).  When this passage off the main tunnel at 6,200 feet was originally discovered 
and explored, it was named the Siphon Tunnel.  Only later, after the original exploration, was the 
connection with the Sewer Tunnel discovered. 

The final known entrance into the Manatee Springs Cave System is Friedman Sink.  It is a small 
sink. The surface pool can vary in size from 40 feet by 50 feet to as small as 4 feet by 8 feet. The 
size of the pool is dependent on the height of the Suwannee River and the hydrostatic head of the 
cave. The entrance to the cave is through a small, 3-foot diameter chimney. At around 20 feet 
deep, the chimney opens into a room with an irregular ceiling and the floor at a depth of 55 feet.  

Continuing upstream of Friedman Sink, the next significant side tunnel is located 750 feet 
upstream and is known as the Milk Tunnel. The passage is located on the right (south) side of the 
main tunnel.  This tunnel is generally smaller in size than the Sewer Tunnel and has high flow 
and low visibility.  Two hundred feet into the Milk Tunnel is located probably the most difficult 
major restriction for divers to negotiate in the entire Manatee Springs Cave.  Past this major 
restriction the tunnel enlarges somewhat and continues for a distance of over 3,500 feet from 
Freidman Sink.  Surveying efforts have strongly suggested that there may be a connection into 
the Sewer Tunnel somewhere near the end of this tunnel.  The plotted survey maps of the tunnels 
show them to be in close proximity to each other.  

Upstream from the Milk Tunnel junction the diver generally finds the best visibility in the 
Manatee Springs Cave System’s main tunnel. The main passage in this area is quite picturesque 
and has many ups and downs with a white sand and rock-covered floor.  Parts of the passage in 
this area could be called rooms.  

At a distance of 2,400 feet upstream of Friedman Sink, a small side tunnel intersects the main 
tunnel on the left (east) side.  This passage has the clearest water of any tunnel in the Manatee 
Springs Cave System and is known as the Blue Water Tunnel. The walls of this tunnel are 
generally cream colored as opposed to the black walls in the rest of the cave system.  After going 
a short distance east, the tunnel makes a turn and continues for over 4,000 feet.  The current 
survey shows the passage trending in a north/northeast direction. 

A second FGS monitoring well/instrument station was installed in the Blue Water Tunnel about 
50 feet upstream from the intersection with the main cave passage.  

A third and final FGS monitoring well/instrument station was installed in the main passage about 
50 feet upstream from the intersection with the Blue Water Tunnel.   



SECTIONTHREE Study Area Features 

 S:\FDEP Dye Tracer\Fanning Springs Manatee Springs Area\Deliverables\Draft Report\FMDT Draft Report BC_120409.doc\4-DEC-09\\  3-4 

Upstream from the Blue Water Tunnel, the main passage becomes slightly smaller in size. There 
are two pits that that drop the main passage floor by 15 feet.  The first is at a penetration of 4,800 
feet and the other is at 5,300 feet. The next significant change occurs at an approximate distance 
of 6,200 feet.  At this point, there is an intersection of three tunnels with the main passage.  The 
tunnel trending east from the main passage is called the Snow Tunnel.  This tunnel continues to a 
distance of 7,665 feet from Friedman Sink and ends at a hill, with water spilling over and around, 
making it impossible to penetrate further.  

The tunnel on the right (west) side of the main passage is the previously mentioned Siphon 
Tunnel that ultimately exits downstream from Friedman Sink via the Sewer Tunnel.  

The third tunnel is known as the Spring Tunnel and it branches in a south/southeast direction.  
This tunnel leads to the most distant parts of the Manatee Springs Cave System. There are 
several side tunnels in this part of the cave system; and the maximum distance of current 
exploration is approximately 9,600 feet upstream from Friedman Sink.  

3.1.3 Clay Landing Vent 
This small spring vent is located on the bottom of the Suwannee River about 50 feet out from the 
bank upstream of Clay Landing, and is about 17 feet deep (during normal river levels).  It has a 
circular opening of slightly larger than 1 foot in diameter.  Clear water discharges from this vent.  
The vent is often choked with debris.  

3.1.4 Chiefland Sink 
The Chiefland Sink is a natural karst drainage feature located on the northwest corner of the 
intersection of Northeast 4th Avenue and Southeast 4th Street within the Chiefland city limits.  
The property is owned by the Florida Department of Transportation (FDOT) and is fenced and 
gated.  Access is strictly controlled by FDOT.  Two stormwater culverts that drain the 
surrounding area, including portions of Alternate Highway 27 and U.S. Highway 19, empty into 
the sink.   

The sink is a small open canyon running from west to east along the south side of the property.  
The walls of the sink consist of exposed bedrock.  The culverts empty into the west side, which 
has also been dressed with concrete.  Stormwater drains down into the bottom of the sink, about 
15 feet below the surrounding land surface, and to the extreme eastern end, where it goes 
underground.  This is the deepest point of the sink, and the conduit passage below the water level 
was observed to be choked with rubble and boulders.  There is no possibility of further entry by a 
diver due to those conditions.  The water level here probably represents the top of the water 
table, when observed under dry conditions. 

There is an area of dry sinks and subsiding ground adjacent to and northeast of the water-filled 
east end of the sink canyon.  Some of this subsidence appears to be relatively recent, based on 
the condition of tree roots.  During the dye introduction for this project, chase water discharged 
into the sink at a rate of approximately 250 gallons per minute (GPM) did not affect the water 
level here.  However, stormwater from rainfall the next day quickly raised the water level over 6 
feet, which then quickly dropped when stormwater inputs ended.  These observations suggest 
that this area is very hydrogeologically dynamic.    
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3.1.5 Willow Sink 
Willow Sink is located about 2 miles west of Chiefland, in the northwest corner of the 
intersection of NW 100th Street and NW 70th Avenue.  The east side of the sink depression runs 
adjacent to the west side of NW 70th Avenue; and the water-filled portion can be seen from the 
road shoulder.  This feature is on private property, and access is not allowed by the owner.  It is 
shown as a named feature on the Manatee Springs USGS 7.5-minute quadrangle map.  This map 
also indicates the presence of three other sink/water features to the east and north of Willow 
Sink. 

While direct access was not granted by the property owner, Willow Sink has been routinely 
observed from the property boundary to have clear blue waters; and levels appear to fluctuate 
along with changes in the river levels.  Based on these observations, and its position and 
proximity to the Manatee Springs Cave and the Chiefland Sink, it is possible that this feature is 
part of the local conduit flow path.       
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4. Section 4 FOUR Dye Trace Design and Release 

Key planning elements for this study included collaborating with FGS during the selection of 
appropriate dye introduction and sampling points, selection of dyes and quantities to be used, 
methods for dye recovery and analyses, and observation and anticipation of weather and water 
conditions.  Logistical concerns included scheduling of staff; background sampling; dye release; 
and the collection, preservation and shipping of samples.  Procedures generally followed those as 
outlined in the 1999 “Groundwater Tracing Handbook” and 2003 “Procedures and Criteria - 
Analysis of Fluorescein, Eosine, Rhodamine WT, Sulforhodamine B, and Pyranine Dyes in 
Water and Charcoal Samplers” by Thomas J. Aley.  A summary of dye introduction and sample 
station information is presented in Table 1. 

4.1 DYE SELECTION 
The dye selected for the Manatee Springs dye trace was rhodamine WT.  Rhodamine WT, also 
called Fluorescent Red, has a color index name of Acid Red 388, and is introduced in liquid 
form.  This dye is economical and is used routinely throughout the United States for water 
tracing studies.  Rhodamine WT ultimately dissipates and deteriorates in the natural 
environment.   

The dye for this study was supplied by Ozark Underground Laboratory (OUL) of Protem, 
Missouri.  This afforded a benefit in that OUL performed all of the sample analyses for this 
study.  For this study, the rhodamine WT was supplied as a 20% solution. 

4.2 WEATHER AND WATER CONDITIONS 
As previously discussed, uncommonly high water levels were observed in the Suwannee River 
from late March through mid-May 2009. These high water levels were accompanied by spring 
flow reversal conditions (the springs receive river water rather than discharge groundwater) at 
both Fanning Springs and Manatee Springs. The dye release conditions considered desirable for 
the success of this dye trace included falling river hydrographs and the potential for at least some 
inflow into the sink selected for dye release.  Conditions that were considered suitable to begin 
background sampling and dye release returned in June 2009. 

4.3 OPERATIONAL APPROVALS 
Two permit applications and a sampling and analysis plan (SAP) were submitted to FDEP as part 
of this dye tracer study.  A brief description of these submittals is provided below. 

Research and Collection Permit - On April 7, 2009, Research and Collection Permit 
#04070921 was issued by Daniel Pearson (FDEP) to Peter Butt (KES).  This permit authorized 
dye trace studies at Manatee and Fanning Springs State Parks.  A copy of the application and 
approval letter is provided in Appendix B. 

Operational Plan - In correspondence dated May 4, 2009, from. John Davis, PG (FDEP) to. 
Peter Butt (KES) a determination was issued that no FDEP permit is required for the project 
Operational Plan under the Ground Water Monitoring provisions of Chapter 62-520, Florida 
Administrative Code (FAC), nor the Underground Injection Control provisions of Chapter 62-
528, FAC.  A copy of the application and approval letter is provided in Appendix C. 
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Sampling and Analysis Plan - On July 27, 2009 the project SAP was submitted to Rick Hicks, 
PG (FDEP) and Tom Greenhalgh of the FGS.  E-mail correspondence from FDEP (Rick Hicks) 
dated July 28 and July 29, 2009 provided confirmation that the SAP was modified to proceed 
with the Manatee Springs dye trace and to postpone the Fanning Springs dye trace.  A copy of 
the SAP and e-mail correspondence from FDEP dated July 28 and July 29, 2009 is provided in 
Appendix D. 

4.4 SAMPLING PROCEDURES 
Charcoal packets and water sample vials were used to sample for the presence or absence of dye.  
Charcoal packets, containing activated carbon, were used to accumulate dye at a sampling station 
through the sampling interval.  Analysis of the charcoal packet indicated the presence or absence 
of dye during that sampling interval.  The packets are especially useful for performing initial 
qualitative traces, if the dye is present in very small concentrations, and to monitor sites with a 
low sampling frequency. 

Charcoal packets supplied by OUL are envelopes of fiberglass window screen about 2 inches by 
4 inches in size, filled with 4.25 grams of Barneby and Sutcliffe activated coconut shell carbon, 
size 6 to 12 mesh.  The packets are heat-sealed. 

At spring sites, bricks or similar weights with a large loop of stiff wire were used to secure the 
charcoal packets.  These allowed for maximum exposure of the packet to the water flow.  These 
samplers were either lowered into position underwater with a length of cord, or placed directly 
by wading or snorkeling.  Efforts taken to conceal the samplers from disturbance or vandalism 
were successful; very few were disturbed during the study, although two were destroyed by 
animals.    

At water well sampling stations, water was routed through a specialized PVC packet holder that 
facilitated packet change-out.  Water flow through the holder was controlled with a gate valve, 
and one-way valves that prevented backflow were used as appropriate on any public water 
supply.  The packet holders were connected upstream of any chlorinators.  Water flowed through 
these holders only when the pump was in operation.  

Whirlpak® bags were used to isolate, transport, and store charcoal packets.  Each Whirlpak® bag 
was labeled with the sampling station number.  The sampling station number, location, date, and 
time for each sample were recorded on the Sample Collection Data Sheet.  Samples were isolated 
from sunlight in the field to prevent photodegradation of the dye.  

Water samples were collected simultaneously in plastic vials supplied by OUL with each 
charcoal packet change-out.  Analysis of the water samples yielded the concentration of dye in 
that water, at that location, at that point in time.   

As this was a qualitative trace, analysis of the charcoal packets took priority; the water samples 
collected provided a backup for the charcoal packets.    

A suitable number of background samples were collected at each sampling station to show 
conditions prior to any release of dye.  These were available as needed for analysis.   
Background samples from Manatee Springs and Cave, Fanning Springs, and selected wells were 
analyzed prior to dye release, and confirmed the absence of any dye that might bias sampling 
results.  None of the other background sampler packets were analyzed because the results of any 
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dye-positive stations were preceded by dye-negative sampler packets collected after the dyes 
were released.  These dye-negative samplers functioned as de facto background samples.  

All samples were shipped to OUL via Federal Express, with a Sample Collection Data Sheet, 
which was signed and returned by OUL staff, providing a chain of custody from KES to OUL. 

4.5 SAMPLING FREQUENCY AND DURATION 
Background sampling was initiated on June 19, 2009.  Sampling intervals were typically 
conducted in rounds of at least one week, but varied based on the type of sampling station (e.g. 
river, spring or water well).   

After the dye release on August 3, 2009 (Day 0), charcoal dye samplers and water samples were 
collected at varying intervals at three springs, two cave tunnels, three river locations, five public 
water wells, and one private water well in the study area.  Intervals used for most sites were once 
every four days during the first two weeks, once every five days during the third week, and then 
weekly.  Monitoring continued for a period of 40 days after the dye release on September 13, 
2009, when the last charcoal samplers and water samples were collected. 

4.6 SAMPLING LOCATIONS 
Manatee Springs, which is located within Manatee Springs State Park, is located approximately 
7.26 miles due west of the Chiefland Sink. The two Manatee Springs Cave conduit sampling 
sites are about 6.62 miles from the Chiefland Sink.  The public supply wells and the private well 
are located in the region between the Chiefland Sink and Manatee Springs.  Sampling station 
setups are described below.  A summary of sample tracking information for charcoal samplers is 
presented as Table 2, and for water samples as Table 3.   

As previously noted, sampling stations were established, and some background samples were 
collected as part of the proposed Fanning Springs dye trace.  Information on these stations is 
presented in Tables 1, 2 and 3. 

4.6.1 Manatee Springs and Cave 
Station No. 31 - Manatee Springs Main:  A wire mesh packet holder was placed along the side 
of the spring pool above (upstream) of the vent.  It was tethered with a cord to a post on the 
bank, and later tethered to various cypress knees as the water level dropped so as to be as 
effectively placed as possible. 

Station No. 31B - Manatee Springs Main Backup:  This station functioned as a backup and 
quality control station for Station 31.  The packet holder was placed on the run bottom and 
tethered with a cord attached to the upstream end of the boardwalk overlook.  

Station No. 32 - Manatee Springs Main Tunnel:  The packets were attached at the end of a 
weighted line and lowered into an FGS/SRWMD cave observation and instrumentation well 
(Well #8).  These packets were set at a depth that placed then in the direct flow of the cave 
passage.  No water sample collection was possible here.  

Station No. 33 - Manatee Springs Blue Water Tunnel:  The packets were attached at the end of a 
weighted line and lowered into an FGS/SRWMD cave observation and instrumentation well 
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(Well #7).  These packets were set at a depth that placed then in the direct flow of the cave 
passage.  No water sample collection was possible here.  

Station No. 34 - Clay Landing Vent:  The packet holder was placed at arm’s length into the 
spring vent located on the bottom of the Suwannee River, at a depth of about 17 feet. 

4.6.2 Manatee Springs Area Wells 
Station No. 41A - Manatee Springs State Park Public Supply Well #2:  This well was selected as 
the primary sampling well of the two park supply wells, and kept in continuous use during the 
project.  Packets were placed in a flow-through packet holder with the appropriate connections 
and fittings.  A water system meter was monitored. 

Station No. 42 - Levy County Public Supply Well:  Packets were placed in a flow-through 
packet holder with the appropriate connections and fittings.  A water system meter was 
monitored.  This county public supply well serves a nearby golf course and surrounding 
residences. 

Station No. 43N - Springside Public Supply Well North:  Packets were placed in a flow-through 
packet holder with the appropriate connections and fittings.  A water system meter was 
monitored.  This public supply well is operated by, and serves, the Springside Subdivision.  

Station No. 44 - Barnhill Landscape Well:  Packets were placed in a flow-through packet holder 
with the appropriate connections and fittings.  This private well is located about 1,450 feet 
southeast of Willow Sink. 

Station No. 45 - Chiefland Public Supply Well South:  Packets were placed in a flow-through 
packet holder with the appropriate connections and fittings.  A water system meter was 
monitored.  Monitoring was alternated weekly (switched Mondays) with the Chiefland Public 
Supply Well North. 

Station No. 46 - Chiefland Public Supply Well North:  Packets were placed in a flow-through 
packet holder with the appropriate connections and fittings.  A water system meter was 
monitored.  Monitoring was alternated weekly (switched Mondays) with the Chiefland Public 
Supply Well South. 

4.6.3 Suwannee River 
Station No. 51 - Hart Ramp:  The packet holder was placed on the river bottom and tethered 
with a cord attached to a floating dock.  This was the most upstream sampler location.  Analysis 
of samples collected at this location was contingent on the results of other sites.    

Station No. 52 - Clay Landing:  The packets were held on a wire loop attached to the post of a 
dock.  This sampler location was just upstream of the Manatee Springs Run to the Suwannee 
River.  Analysis of samples collected at this location was contingent on the results of other sites.    

Station No. 53 - Usher Landing:  The sampler holder was placed on the river bottom and 
tethered to a large snag upstream of the boat ramp.  This sampler location was just downstream 
of the Manatee Springs Run to the Suwannee River.  Analysis of samples collected at this 
location was contingent on the results of other sites.   
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4.7 BACKGROUND SAMPLING 
Prior to beginning the dye trace, background sampling was conducted between June 19 and 
August 2, 2009 to confirm baseline conditions.  Background analyses indicated the presence of 
fluorescein in the elute from charcoal samplers positioned at one location, Manatee Springs Blue 
Water Tunnel.  Concentrations were observed ranging from 0.643 parts per billion (ppb) to 
1.72 ppb.  The source of the fluorescein is unknown; however, urbanization within the karstic 
study area suggests its origin may plausibly be described as “anthropogenic background.”   A 
summary of dye-positive analytical results for the study is presented as Table 4. 

4.8 DYE RELEASE 
On August 3, 2009 (Day Zero) 25 pounds of liquid rhodamine WT dye was released into the 
Chiefland Sink.  A source for chase water had been established by running a 3-inch fire hose line 
from a nearby city fire hydrant equipped with a flow meter.  Prior to the dye release, the line was 
tested with about 700 gallons flushed into the sink.    

The dye release was immediately followed by flushing approximately 89,000 gallons of chase 
water into Chiefland Sink.  The chase water was discharged over a period of six consecutive 
hours at an approximate rate of 250 gallons per minute (GPM).   There were no visible signs of a 
rise in the water level at the bottom of the sink at a chase water discharge rate of 250 GPM.  
However, stormwater discharge from rainfall the next day quickly raised the water level over 6 
feet, which then quickly dropped when stormwater inputs ended.   

The dye introduction was conducted by placing the weighted end of a 1-inch hose into the 
flooded bottom of the sink, and using a large funnel at the upper end to receive the dye.  Flush 
water was turned on at 08:59 hours immediately prior to the dye release.  The pre-measured 
rhodamine WT liquid was poured via the one-inch hose into the dye introduction point located in 
the base of the sink beginning at 08:59 hours.  Approximately 20 gallons of water was used to 
chase residual dye from the dye container, funnel and hose used for dye introduction.  Dye 
release and equipment flushing was completed by 09:06 hours.  Dye was visible on the water 
surface for a relatively short period of time, with all visible traces of the dye gone by 09:15 
hours.  The absence of any visible signs of the dye in the standing water at the bottom of the sink 
indicated that the dye had been successfully flushed underground with the incoming chase water.   

At the dye release site, all containers, bags, personal protective equipment and other dye-
contaminated materials were collected and sealed in trash bags for proper disposal or cleaning.  
A bleach spray was used to further eliminate any dye contamination on equipment and surfaces; 
and all personnel involved had no contact with any sampling sites, devices, or samplers until 
they had fully bathed, changed clothing, and otherwise removed all traces of any residual dye, or 
otherwise left the area study area entirely. 

4.9 SAMPLE INVENTORY 
A total of 243 samples were collected and logged during this study.  Of this total, 150 were 
charcoal sampler packets and 93 were water samples.   
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A total of 61 charcoal samplers were analyzed.  Eleven of these were background samples.  Of 
these 61 samplers, a total of 24 tested positive for rhodamine WT.  Four samplers from one site 
also tested positive for fluorescein, which was from a source other than this dye trace. 

A total of 15 water samples were analyzed.  All of these were samples where the associated 
charcoal samplers had tested positive for dye.  Of these 15 samples, only one tested positive for 
rhodamine WT.    

Five charcoal samplers and two water samples were submitted for analyses for quality control 
purposes.  

A summary of sample tracking information for charcoal samplers is presented as Table 2, and 
for water samples as Table 3.   The information documents the exact placement and collection 
times for each specific sampler and sample.  

4.9.1 Duplicate Samples  
Duplicate samples were collected from selected sites, and stored in case of shipping losses or to 
be analyzed in the case of ambiguous results.  The analysis of duplicate samples was not required 
as part of the study. 

4.10 RATIONALE FOR SELECTING SAMPLES FOR ANALYSIS  
This study was an initial qualitative dye trace designed to help identify potential connections 
between the dye release site and springs, caves, and water wells located along what was 
determined to be a likely travel path of the dye.  With dye travel rates unknown, this meant 
planning for a large number of samples.  However, there were budget limitations governing the 
number of samples that could be analyzed within the scope of this study. 

Therefore, strategies were designed to allow for a maximum return of information from the finite 
number of laboratory analyses that could be performed, without jeopardizing the study’s goals.  
These strategies included the measures described below to provide economy while maintaining 
effectiveness. 

Except for a few initial background sample analyses, background samples were held pending 
analyses of post-dye release samples.  Typically, stations with positive dye results had pre-arrival 
samples analyzed so as to function as de facto background samples. 

Samples from stations on the Suwannee River (Stations 51, 52 and 53) were held pending any 
negative results at the springs; the positive results at Manatee Springs ultimately made analyses 
of all river samples unnecessary for the purposes of this qualitative trace. 
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5. Section 5 FIVE Dye Trace Findings and Results 

This study is the first fully documented dye trace performed between Chiefland Sink and 
Manatee Springs.  As this was an initial qualitative dye trace, sampling periods were designed to 
measure a potential rapid arrival time of the dye.   

5.1 RESULTS OF SCANNING SPECTROFLUOROPHOTOMETER ANALYSIS 
Sixty-one (61) charcoal samplers and 15 water samples from selected sampling stations were 
analyzed.  Table 4 provides a summary of the results of analysis from dye-positive stations.  The 
numbered days in Table 4 are sequential from the day of dye introduction, Day 0.   

Dye-positive sample stations are depicted on Figure 11.  A graph depicting the detected 
concentrations of rhodamine WT over time is presented as Figure 12.  The Certificates of 
Analysis from OUL listing the results of these analyses, including fluorescence magnitude 
graphs, are presented in Appendix E. 

5.1.1 Background Sampling 
With the exception of Station 33, the Manatee Springs Blue Water Tunnel, no dye was detected 
in any of the background samples analyzed.  At Station 33, low concentrations of fluorescein 
were detected prior to and after the release of rhodamine WT at the Chiefland Sink.  With the 
exception of the Day 21 charcoal sampler, whenever rhodamine WT was detected at Station 33, 
the fluorescein, if present, was not detected. 

5.1.2 Manatee Springs and Cave 
Station No. 31 - Manatee Springs Main:  No dye was detected in analyzed samplers collected 
through August 7 (Day 4).  Rhodamine WT was initially detected at a concentration of 14.4 ppb 
in the August 7-11 (Days 4-8) packet.  During the next six sampling intervals, from Day 8 
through Day 40 (August 12 through September 13), the rhodamine WT concentration increased, 
with the highest concentration of 175 ppb being detected in the Days 12-16 packet, with 
concentrations dropping after that.  The final sampler analyzed was from the Days 32-40 
interval, and had a concentration of 30.3 ppb. 

One sampler was also taken from this station and submitted for analyses as a quality control 
sample.  That QC sample, from the Days 16-21 interval, had a concentration of 107 ppb; its 
counterpart from the same interval had a concentration of 71.8 ppb. 

Thirteen water samples collected at this station, including one taken prior to dye release, were 
analyzed.  Of the samples collected and analyzed between Days 4 and 26, only one, taken on 
Day 12, showed a detection for rhodamine WT at 0.418 ppb.  All other analyses were non-detect. 

Station No. 31B - Manatee Springs Main Backup:  One sampler was analyzed from this site for 
comparative purposes with Site 31.  Rhodamine WT was detected at a concentration of 11.1 ppb 
in the August 7-11 (Days 4-8) packet.    

Station No. 32 - Manatee Springs Main Tunnel:  No dye was detected in analyzed samplers 
collected through August 7 (Day 4).  Rhodamine WT was initially detected at a concentration of 
27.5 ppb in the August 7-11 (Days 4-8) packet.  During the next six sampling intervals, from 
Day 8 through Day 40  (August 12 through September 13), the rhodamine WT concentration 
increased, with the highest concentration of 268 ppb being detected in the Days 8-12 packet, 
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with concentrations dropping after that.  The final sampler analyzed was from the Days 32-40 
interval, and had a concentration of 37 ppb. 

Two samplers were also taken from this station and submitted for analyses as quality control 
samples.  The Days 12-16 interval QC sample had a concentration of 216 ppb; its counterpart 
from the same interval had a concentration of 222 ppb.  The Days 32-40 interval QC sampler had 
a concentration of 40.3 ppb; its counterpart from the same interval had a concentration of 37 ppb. 

No water samples were collected at this site. 

Station No. 33 - Manatee Springs Blue Water Tunnel:  No dye was detected in analyzed 
samplers collected through August 7 (Day 4).  Rhodamine WT was initially detected at a 
concentration of 5.03 ppb in the August 7-11 (Days 4-8) packet.  During the next four sampling 
intervals, from Day 8 through Day 40  (August 12 through September 13), the rhodamine WT 
concentration increased, with the highest concentration of 47.6 ppb being detected in the Days 8-
12 packet, with concentrations dropping after that.  The final sampler analyzed with a positive 
detection for rhodamine WT was from the Days 21-25 interval, and had a concentration of 9.01 
ppb. 

During the Days 16-21 sampling interval, a detection of 0.503 ppb for fluorescein was also 
recorded, similar to the fluorescein detections in the background samplers for this station.  

One sampler was also taken from this station and submitted for analyses as a quality control 
sample.  That QC sample, from the Days 8-12 interval, had a concentration of 43.7 ppb; its 
counterpart from the same interval had a concentration of 47.6 ppb. 

No water samples were collected at this site. 

Station No. 34 - Clay Landing Vent:  No dye was detected in the two samplers analyzed for this 
site, from the Days 16-25 and Days 25-32 sampling intervals. 

5.1.3 Manatee Springs Area Wells 
Station No. 41A - Manatee Springs State Park Public Supply Well #2:  No dye was detected in 
the three samplers analyzed for this site, from the Days 8-12, Days 21-25 and Days 32-40 
sampling intervals. 

Station No. 42 - Levy County Public Supply Well:  No dye was detected in the three samplers 
analyzed for this site, from the Days 8-12, Days 16-21 and Days 25-32 sampling intervals, and in 
the QC sample also from Days 25-32. 

Station No. 43N - Springside Public Supply Well North:  No dye was detected in the three 
samplers analyzed for this site, from the Days 8-12, Days 21-25 and Days 32-40 sampling 
intervals. 

Station No. 44 - Barnhill Landscape Well:  No dye was detected in the two samplers analyzed 
for this site, from the Days 8-12 and Days 16-21 sampling intervals. 

Station No. 45 - Chiefland Public Supply Well South:  No dye was detected in the two samplers 
analyzed for this site, from the Days 8-12 and Days 21-25 sampling intervals. 

Station No. 46 - Chiefland Public Supply Well North:  No dye was detected in the four samplers 
analyzed for this site, from the Days 0-2, Days 2-4, Days 4-8 and Days 16-21 sampling intervals. 



SECTIONFIVE Dye Trace Findings and Results 

 S:\FDEP Dye Tracer\Fanning Springs Manatee Springs Area\Deliverables\Draft Report\FMDT Draft Report BC_120409.doc\4-DEC-09\\  5-3 

5.1.4 Suwannee River Sites 
Station No. 51 - Hart Ramp:  All samplers were held pending any anomalous positive results 
found in downstream stations.  As no anomalous results were seen, no samplers from this station 
were analyzed.  

Station No. 52 - Clay Landing:  No dye was detected in the one sampler analyzed for this site, 
from the Days 16-21 sampling interval. 

Station No. 53 - Usher Landing:  All samples were held pending any negative results in all 
upstream stations.  As dye was detected at, and discharged by, Manatee Springs, no samplers 
from this station were analyzed.  

5.1.5 Fanning Springs Area Springs and Wells 
Background sampling was conducted at Fanning Springs area stations at the same time as that 
conducted in the Manatee Springs area.  However, as the dye release in the Fanning Spring area 
was postponed, sampling frequency at those sites was reduced or eliminated.  Only one sampler 
from Fanning Springs was analyzed during the period after the release of dye at the Chiefland 
Sink for due diligence purposes. 

Station No. 11 - Fanning Springs Main: One sample was analyzed for this site for quality 
control/due diligence purposes; no dye was detected in the Days 18-26 sampling interval. 
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6. Section 6 SIX Conclusions and Recommendations 

6.1 CONCLUSIONS 
The following conclusions are made, based on a review of the analytical results for samplers and 
samples collected under the conditions present during the June through September 2009 dye 
tracer study: 

• A direct hydrologic connection exists between Chiefland Sink and the Manatee Springs 
and Cave System.  The observed rate of groundwater flow was between 9,600 feet per 
day, based on a four-day travel time and 4,800 feet per day, based on an eight-day travel 
time.  These rates of flow are indicative of conduit flow rather than a matrix flow regime. 

• Rhodamine WT was detected in both carbon samplers and water samples, providing an 
additional level of dye confirmation. 

• Dye was not detected at any of the public or private supply wells monitored during this 
study. 

• Laboratory analyses for samplers and samples collected during the background sampling 
and dye trace identified low fluorescence magnitude peaks that are consistent with an 
instrument response for fluorescein.  These detections were made in samples collected at 
the Blue Water Tunnel sampling station of the Manatee Springs Cave System.  The origin 
of these responses is unknown, but is likely anthropogenic background. 

6.2 RECOMMENDATIONS 
• Complete the original scope of work for this study; perform the Lancaster Sink to 

Fanning Springs dye trace as soon as funding is available and site conditions are 
appropriate. 

• Continued exploration and mapping of the Manatee Springs Cave System to provide 
supporting lines of evidence on the approximate location(s) of potential conduits and 
zones of low permeability.  This could include the use of geophysical survey methods 
such as ground penetrating radar, electrical resistivity imaging, microgravity, and 
multichannel analysis of surface waves to support previous geophysical studies 
conducted for the FGS at Manatee Springs State Park.  Based on a conversation with 
Lynn Yuhr (Technos), who conducted the previous geophysical study for the FGS, 
candidate north-south transects might generally follow the path of County Road 345 (e.g. 
NW 70th Avenue), NW 100th Avenue and NW 110th Avenue. 

• Resume monitoring operations at the existing Manatee Springs Cave Main Tunnel and 
Blue Water Tunnel observation wells. 

For the purposes of city planning, stormwater management, and emergency response, develop an 
understanding of the existing stormwater sewer collection system and sources of direct and 
indirect input that ultimately discharges into Chiefland Sink. 
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