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OVERVIEW

H2H Associates, LLC (H2H) was contracted by the Florida Geological Survey (FGS) to coordinate and
administer the FY2008 objectives of the FGS’ Woodville Karst Plain (WKP) hydrologic research program and
synthesize the results into this report. The FY2008 program included the five following tasks.

Task-1: Continuation of Statistical Analysis

Task-2: Field Program Management and Supervision

Task-3: Telemetry System Installation & Metering Network Maintenance
Task-4: Database and Data Portal Development and Maintenance
Task-5: Spring Creek Groundwater Tracer Testing

The Principal Investigator for Task-1 was Dr. David Loper, Professor Emeritus at Florida State University
(FSU). Task-2 was subcontracted to Gareth Davies of Cambrian Groundwater Company. Tasks 3-5 were
preformed and/or managed by H2H. A copy of the contract that includes the formal scope of work (SOW) is
provided as Appendix |. As has been customary with this ongoing research project, specific objectives (tasks)
were modified during the course of the investigations to conform to evolving goals of the overall project and
logistical and weather constraints.

The contract was executed on January 14, 2008 for a period of performance of January 14, 2008 — May 31,
2008. Due to the delayed execution date, an extension to December 31, 2008 was granted for the submittal of
contract deliverables. This report provides a summary of the performance and results of each task, includes
or references the specific deliverables as appendices, and constitutes the final deliverable for this project.

TASK 1: CONTINUATION OF STATISTICAL ANALYSIS

Task-1 was performed by Dr. David Loper (Principal Investigator) and Dr. Eric Chicken of FSU. The primary
objectives of Task-1 as identified in the SOW were as follows. 1) Develop statistical analyses of the
hydrologic data being collected by the various meters managed by the FGS, and eventually, data available
from other agencies as a means of estimating conduit sizes in regions where they are known to be present
but cannot be directly measured. 2) Develop a comparative analysis of temporal variations in water level
measured at the coast (i.e., tidal variations) and at various inland locations. 3) Quantify both the amplitude
ratios and the phase speeds of the primary tidal components (diurnal and semi-diurnal) between the coast
and various inland locations. 4) Analyze the existing records of discharge at Wakulla Springs in an attempt to
identify and quantify salt-water-plug events.

Due in part to problems with the water level meter deployments and apparent malfunction in two of the
existing hydraulic meters, both of which will be discussed in a subsequent section, the Task-1 objectives were
modified to focus primarily on conduit area estimation, temperature trends in the malfunctioning hydraulic
meters deployed at K-Tunnel and AK-Tunnel in Wakulla Cave, and a statistical analysis of microgravity
signals that were collected and reported on by Technos in 2007. A summary of these projects, prepared by
Chicken and Loper, is presented in Appendix Il. They also published results and conclusions from their work
in two papers for the 11" annual ASCE sinkhole conference that was held in Tallahassee in September 2008
(Loper and Chicken, 2008; Chicken et al, 2008).

Two of their conclusions are immediately relevant to the use of the hydraulic meter data and planning for
future deployments and will thus be briefly summarized here. First, their conclusions about conduit cross-
sectional areas based on flow balances are relevant to our calculation of flow from all of the meters currently
deployed in Wakulla Cave. Table 1 presents their estimates from the stations they were able to address
relative to the estimates developed from the radial measurements collected by the Woodville Karst Plain
Project (WKPP) divers for the same stations and the percent error assuming that the estimates based on the
measured radials are more correct. The statistically estimated cross-sectional area for AD-Tunnel compares
most favorably to the measured value with a percent error of 24%. The comparison at the other three tunnels
however is significantly less favorable. However, this work is ongoing and the figures obtained from flow
analysis cannot yet be deemed reliable.

Figure 1 shows the meter placements at each of the conduit stations relative to the measured radials and
cross-sectional profiles calculated from the radials. From those diagrams, it is reasonable to conclude that the
velocity measurements collected by the hydraulic meters are not characteristic of the average velocity through
the conduits and that the discrepancies between the statistically estimated and measured areas arise from
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those inadequate velocity measurements. If this is true, our future analyses should focus on determining if the
error in velocity measurements is sufficiently consistent between stations to allow for a meaningful
comparison of relative flows if the actual magnitudes cannot be measured.

The second important conclusion that they were able to develop addresses the apparent malfunction in the
temperature readings recorded by the K-Tunnel and AK-Tunnel hydraulic meters. In their analysis that is
presented in Appendix Il, they show that the decline in temperature at those stations is most likely due to a
drift in the measurement readings. More importantly, they were able to back the drift out of the temperature
signals yielding a trend in temperature that is reflective of the actual water temperature at the respective
stations. Their corrected data will fill a significant gap in temperature readings at those stations that we
currently have because that data was omitted from the database.

Table 1. Comparison of conduit cross-sectional area estimates from four stations in Wakulla Cave

Conduit / Meter Chicken/ Loper Est. (ft%) WKPP Est. (ft%) Percent Error (%)
B-Tunnel 774 129 500
C-Tunnel 27 886 -97
D-Tunnel 97 504 -81

AD-Tunnel 2969 2404 24
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Figure 1. Cross-sectional areas for four of the primary tunnels in Wakulla Cave as calculated from radial
measurements taken from the meter location (pink dot) to the cave walls along 90 degree, 45 degree, and
vertical azimuths from the meters.
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TASK-2: FIELD PROGRAM MANAGEMENT AND SUPERVISION

Task-2 was performed by Gareth Davies. The primary objectives were 1) to organize, coordinate, and
participate in fieldwork aimed at installing telemetry systems and deploying and maintaining the WKP
metering network; 2) develop a QA/QC program for the Falmouth and transducer data; 3) interface with
manufactures as necessary to troubleshoot instrumentation problems; and 4) interface with H2H to facilitate
data transmission and the development of the telemetry system data server and database.

Some of Davies’ time allocated to this task was shifted to Task-5 (Spring Creek Trace) to perform sample
analysis that was necessary due to malfunctioning fluorometers and problems with fluorometer deployments
at Spring Creek. Davies has submitted two drafts of a QA/QC / Field Procedures manual and prepared a
summary of his work on these tasks. His summary is included as Appendix Ill. The QA/QC manual is still
being reviewed and modified. A completed draft that will be sent to the FGS for review is anticipated in early
20009.

TASK-3: TELEMETRY SYSTEM INSTALLATION & METERING NETWORK MAINTENANCE

Task-3 was performed by H2H. Kevin Day of H2H was the primary geologist/technician working on the design
and installation of the telemetry system. The metering network maintenance was primarily performed by Scott
Dyer of the FGS with assistance from Gareth Davies and oversight and guidance provided by Todd Kincaid of
H2H.

Significant problems were encountered with both the telemetry system installation and the maintenance of the
metering network. Details of both are discussed below. The basic conclusions from this task are as follows.

The telemetry system as it was originally designed has failed.
The system components cannot reliably work together under field conditions to continuously transmit
data signals from the Falmouth Hydraulic meters to a data server that has been set up at the Wakulla
Springs State Park (WSSP) Administration building.

e A new design and new components will be required to bring the telemetry system online.

e A preliminary design for such a system has been developed and the required equipment has been
identified.

e The Falmouth hydraulic meters are being deployed for periods that exceed the manufacturer
recommendations.

e The K-Tunnel, AK-Tunnel, and Vent meters have all been offline or malfunctioning for a significant
portion of the last 18 months.

e The K-Tunnel and AK-Tunnel meters have been replaced and are now producing reliable data.

e The Vent meter was temporarily replaced but has been offline again since March 2008.

Telemetry System

H2H collaborated with the telemetry system designers from the FSU Geophysical Fluid Dynamics Institute
(GFDI) in 2007 to establish a working benchtop version of the telemetry system for the Falmouth hydraulic
meters. That system consisted of a radio transmitter constructed by GFDI that transmitted data directly from
the Falmouth meter to a receiver attached to a desktop computer. It was determined, at the time, that through
the use of a signal splitter, the system might be adaptable for use with multiple devices for each radio (the
Falmouth meter and a level logger or twp Falmouth meters) though one radio would most likely be needed for
every Falmouth meter.

The primary objective for 2008 was to set up a central data server at the WSSP Administration building that
would receive data from field deployed radios and automatically send that data to the project data server once
per day for upload to the project database. The design called for two radios at each well that would transmit
data from two Falmouth meters and possibly a water level recorder. The data server at WSSP was to be set
up as a Micro Soft Windows server to receive data from the devices via the Falmouth interface software and
transmit that data to the project server located in the H2H Reno, NV office.

To follow through on the 2008 objectives, Kevin Day and Todd Kincaid traveled to Tallahassee in March and
April 2008 to work with Scott Dyer and Gareth Davies on the deployment of the radios and the data server
and to thereby bring the telemetry system online. Day’s report on the deployment effort is attached as
Appendix IV. Several problems were encountered that precluded satisfactory system operation, some of
which were overcome but others could not be solved with the existing system design.
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The first problem stemmed from an inability to access WSSP’s T-1 line due to DEP security regulations. As a
result, we were forced to set up the server to use a dial-up connection and an Earthlink ISP account. The
transmission rate turned out to be sufficient but poor phone line reliability resulted in repeated but irregular
breaks in service and consequently dropped data transmissions. A stop-gap solution was implemented in
which the system was forced to repeat communications with the meters whenever a data transmission was
interrupted. If and when the telemetry system becomes operational, this stop-gap measure needs to be
supplanted with a more reliable internet connection for the data server at WSSP.

Incomplete or corrupt data transmissions persisted after the internet connection problem was solved.
Investigations into the problem ultimately revealed a problem with the standard baud rate settings on the
meters and the radios. For distant and prolonged communications between the radios and the meters and the
radios and the data server, which could not be created for the laboratory tests, we determined that the baud
rate on the radio must be set to a faster speed than the rate on the Falmouth meters.

After that issue was solved, successful communications between the meter, radio, and server were achieved
at the K-Tunnel Station though we soon learned that they could not be sustained. Research into that problem
revealed that the K-Tunnel and AK-Tunnel meters were likely malfunctioning as manual communications with
the meters could not be established during the problem periods. Since the only way to resolve a
malfunctioning meter is to have the WKPP divers replace it, we moved our focus to the D-Tunnel and the AD-
Tunnel meters, which had been configured with telemetry radios in 2007. Our first attempts to establish
communications there failed as well. Through a meticulous trial and error investigation, we determined that
the coaxial cables installed at the D/AD Station were not functioning. After they were replaced, we established
the requisite communications only to discover the last and fatal problem with the system.

After successfully establishing communications between the server and the D-Tunnel meter, we tried to
initiate a connection to a second meter only to realize that the Falmouth meters are not designed to
communicate as a network of devices. Instead they are designed to have an independent connection to a
data receiving device. Since the telemetry system was designed as a network of data collecting nodes
connected to a single central server, any transmission from the server, say to the D-Tunnel meter would
initiate the same command to all the Falmouth meters on the network. This initially prohibited automated
communications through a hyperterminal because the individual Falmouth meters do recognize themselves
by a uniqgue name. Focus was then shifted to establishing remote manual connections via the Falmouth
interface software but we quickly determined that the interface software has no functionality for choosing a
meter to which to connect from a list of meters on a network. Communications with Falmouth technical staff
revealed that their devices and systems are not designed for such network communications.

Status

As it stands, the telemetry system cannot work with the Falmouth meters but is likely suitable for remote and
automatic communications with the Insitu water level recorders because those devices are designed to be
recognized on a network by a unique device name. In order to set up a telemetry system for the Falmouth
meters, we will need to purchase and install intermediary data loggers at each station that can physically
connect with the individual meters on unique communications lines. The existing radio network could then be
used to establish communications with those loggers. Davies researched this option and determined that
Campbell Scientific makes a data logger that is designed for this task and that Falmouth typically uses those
loggers in the manner described above when they need to set up remote communications networks.

Recommendations

e Option 1: No action
The existing telemetry equipment should be removed from the field and stored until such time that
there is sufficient time and budget to upgrade the system and re-deploy it for use with the Falmouth
and water level logging devices simultaneously.

e Option 2: Upgrade the system
Purchase one Campbell Scientific data logger for each data station. The logger should be configured
to communicate with each device at the station over a unique hard-wired channel. Initially, these
would include multiple Falmouth meters and a water level logger. That configuration could be
expanded to include the filter fluorometers as well. Secure a reliable internet connection for the data
server at WSSP. Bring the system online and initiate connection to the main server through the data
interface software that has already been developed.
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e Option 3: Move system to water level logger stations

The telemetry system, as it is currently designed, appears to be suitable for use with the Insitu water
level loggers. In order to capitalize on the time and funding that has been invested in the system
without significant additional costs would be to shift the telemetry stations to locations where the
Insitu loggers are deployed independently. Independent deployment locations are emphasized
because the value of the remote access would be significantly diminished if the stations must be
visited to download data from other instruments such as the Falmouth meters. The required
investments would entail the breakdown and reassembly of the telemetry stations at other locations
and potentially the installation of antenna poles long enough to clear the canopy. The most logical
stations for such deployments include: Sullivan Sink, Turner Sink, Tobacco Sink, and Revel Sink.

Metering Network

Table 2 lists the location and status of all
instruments comprising the metering

Table 2. Instrument status in the WKP metering network

Station Device Status Days Online
network as of July 2008. A copy of the : v .u i !
equipment inventory list is attached as Wakulla-Vent Falmouth off line 105
Appendix V. Plots of the available data B-Tunnel Falmouth on line 365
fr_om the period are provided below as C-Tunnel Falmouth on line 365
Figures 2-5. -

o _ D-Tunnel Falmouth on line 188
The. most &gmﬂcantl issues stemmed from AD-Tunnel Falmouth on line 329
equipment malfunctions at the Vent, K- -
Tunnel, and AK-Tunnel Stations. The Vent K-Tunnel Falmouth online 323
meter had gone off line in 2006 due to a AK-Tunnel Falmouth on line 337
collapse of the pole holding it and the B-Tunnel Level Logger on line 365
Northwest Florida Water Management o | evel L , 322
District’s S-4 meter in place at the cave -funne evel Logger on line
entrance. The WKPP divers replaced the K-Tunnel Level Logger on line 345

meter in December 2007 with a new one

that was positioned on a 3-ft stand on the floor near the north side of the cave. Due to a cable problem that
occurred coincidently with the collapse of the pole, the new meter was set up to run on an internal battery.
The meter ran continuously until April 2008 when the battery died. It was removed and downloaded but has

not been successfully re-deployed.

The K-Tunnel and AK-Tunnel meters were both presenting erratic problems with communications, which
hampered the March/April efforts to bring the telemetry system on line. Additionally, both displayed

consistently declining temperature signals that were difficult to explain. Eventually, it was determined that the
temperature probes on those meters was most likely malfunctioning. Chicken and Loper were able to
statistically process the signals to remove the downward drift (See discussion of Task-1) but it was decided to
replace the meters. The WKPP divers replaced both meters in May 2008. An abrupt change in temperature is
recorded in the data from both those meters when they were exchanged (Figure 4).

Upon advancing into the FY2009 agenda, additional water level meters have been scheduled for deployment
and survey at seven new locations throughout the WKP: Wakulla Springs boat dock, St. Marks River Rise,
Sullivan Sink, Tobacco Sink, Revel Sink, Turner Sink, and Mc Brides #4. Additionally, problems were
encountered with the water level meter placement at the K-Tunnel well that have been corrected via
redeployment. At present, the most significant limitation is the lack of survey data placement data for the
three water level meters that have been operating since 2007.

Recommendations

e Obtain survey and placement data for the B-Tunnel, D-Tunnel and K-Tunnel water level meters and
submit that data to Kevin Day for inclusion in the database and date querry routines in the Data
Portal.

e Move the K-Tunnel Falmouth Meter south into the main A-tunnel passage such that it records water
conditions indicative of both K and AK Tunnels.

e Remove the AD-Tunnel and AK-Tunnel Falmouth meters.
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WKP Metering Network: Water Depth
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Figure 2. Depth of water column above the water level meter at the B-, D-, and K-Tunnel stations. Only the
relative change at each station has relevance. In order to calculate water table elevations, the depth of
placement below the top of casing and the top of casing elevations must be determined.
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WKP Metering Network: Flow
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Figure 3. Water flow at each of the seven Wakulla Cave measuring stations recorded during the contract

period. Gaps indicate periods when the meters were off line. Note that B-, C-, and D-Tunnel are plotted on the

secondary y-axis.
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WKP Metering Network: Temperature
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Figure 4. Water temperature at each of the seven Wakulla Cave measuring stations recorded during the
contract period. Gaps indicate periods when the meters were off line. Note that the K- and AK-Tunnel data
are plotted on the secondary y-axis due to the declining trend in temperature that marked the period between
early 2007 and May 2008 when they were replaced.
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WKP Metering Network: Conductivity
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Figure 5. Conductivity at each of the seven Wakulla Cave measuring stations recorded during the contract
period. Gaps indicate periods when the meters were off line.

TAsSK-4: DATABASE AND DATA PORTAL DEVELOPMENT AND MAINTENANCE

The work for Task-4 was performed by H2H and is a continuation of an effort that began in 2005 to develop a
database to manage collected data from the WKP instrumentation network and a web-based Data Portal
through which the project data and other relevant data for the WKP can be accessed and viewed by any
interested party. The purpose of the data management component of the monitoring effort continues to be the
provision of reliable and redundant storage of the data in a scalable platform and the ability of the
stakeholders and the public to access the data on demand. This is an on-going effort wherein each year the
database is revised to accommodate data from new devices and stations and the Data Portal functionality is
advanced to better serve the project and outside users. The activities reported on in this section were initiated
under the FY2008 (GW272) contract and completed under the FY2009 (GW275) contract.

The original database and web based interface was developed by H2H (HKI) in 2005, and was built on a PHP
— MYSQL platform using open source tools such as Gnuplot to render graphs on-the-fly. Each time data was
collected in the field, it was compiled and submitted to a set of server-scripts to ensure quality control and
filter problem data points, and appended to the database tables. The structure of the management system
and interface was designed to facilitate addition of new meters and to be readily adaptable to new data types.

CURRENT PROJECT STATUS

The main objectives for this period were to upgrade the database and web interface to accommodate the
water level meters and to upgrade the plotting tools and Data Portal interface to accommodate the new data
and advancements made in the web server software. A number of issues pertaining to the design and
functionality of the original system have been addressed. Although the overall theme of the layout and
general database structure are consistent with the original design, H2H has focused on streamlining the QC
routines, upgrading the web interface to be compliant with the most recent code standards, increasing the
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performance and functionality of the graphing utility, and modifying the database to contain multiple types of
data (depth logger data has been added) and station information.

The most obvious feature of the new web interface (Figure 6) is that an Adobe Flash graphing utility has been
designed to render query results. The interface renders the query results more quickly than the original
Gnuplot-based system, has sharper resolution, and features an optional cursor that enables the viewer to
mouse-over the plot and dynamically view the reported values at any point within the query range (Figure 7).
The Cursor Trace becomes available when the Cursor button is toggled. Additionally, an export feature can
be executed by toggling the Export button which gives the user an option to save a snapshot of the flash
guery results to their local hard drive. The multiple parameters interface previously offered pre-configured
comparisons of two parameters at a single meter. This has been upgraded to offer the user a choice of
multiple parameters and multiple meters (Figure 8).

The updates and upgrades to the interface required that the database server be upgraded to the current
versions of PHP, MySQL and Apache. All software used in the data management system and interface is
open source with the exception of the addition of the Flash component.

The current status of the Data Portal and Metering Data Website can be viewed at:
http://www.h2hmodeling.com/FGS/Meters/index.htm.
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Figure8. New Data Portal interface providing queries for multiple parameters at multiple stations for the
Falmouth and water level meter data.
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Summary of Upgrades
The following features have been added and changed during the 2008 and 2009 contract periods:

e Replace Gnuplot / Imagemagick plot rendering engine with Flash / XML graphing application

e Redesign query menu to provide query persistence (selections no longer reset when plot is rendered)
e New graphing functionality of multiple meters and multiple parameters in a stacked plot

e Update PHP 4.3.11 to PHP 5.2.6

e Update Apache 2.0 to 2.2.28

e Update MySQL 4.1.11 to MySQL 5.0.5

e Upgrade server operating system from Redhat Linux 9 to Suse 11.0

¢ Redesign database to accommodate Depth Loggers data and Station metadata

Recommendations

e Meta Data establishing the source and Q/C records for all data streams should be included in the
Data Portal interface.

e A maps feature should be added so that users can see the location of all the meter stations.

e The data download feature should be revised such that all data streams are consolidated into one file
with a single consistent date field and such that the original velocity data is included with all flow
exports.

e The Data Portal interface should be revised to reflect the current status and objectives of the project,
to include all the project description material currently available via the root project website, and to
reflect the future goals of establishing a Wakulla Springs Observatory. This should become the new
home page for the project.

Develop an interface to allow authorized users to upload data directly to the database.
The Data Portal should be ported to the Hydrogeology Consortium website.

TASK-5: SPRING CREEK GROUNDWATER TRACER TESTING

Initial objectives for Task-5 included the installation of five (5) insitu fluorometers in selected Spring Creek
spring vents; performance of a repeated dye injection at Turner Sink under higher water level conditions than
those encountered in the 2007 test; and performance of a dye injection at Lost Creek when Lost Creek is
flowing. Low water level conditions persisted throughout much of the contract period. Those and
consideration of potential flow to both Spring Creek and Wakulla Spring from Lost Creek led us to focus our
objectives for this period on the design and performance of one tracer test with a single injection at Lost
Creek and an evaluation of ways to reduce turbidity masking of fluorescence signals recorded by the insitu
filter fluoreters (IFF). The tracer test design was performed by Kincaid and Davies, sampling was conducted
by Dyer, sample analysis was performed by Davies, and data analysis and reporting was performed by
Kincaid.

The tracer injection was performed on May 29, 2008 between 9:49 AM and 12:30 PM Immediately following a
rainstorm that established flowing water in Lost Creek that had been dry for a prolonged period prior to the
injection. Approximately 33 Ibs (3 5-gallon pales) of uranine dye were pumped into the Lost Creek swallet,
which was receiving flow from Lost Creek, via tubing set at ~50 feet below the water surface. The tracer was
pumped from three pails until all three were emptied. The pails were then filled with water from the basin and
the rinse water was also pumped into the swallet.

Prior to the injection, sampling stations were set up at Spring Creek vents #1, #2, and #10, Revel Sink,
Wakulla K-Tunnel, and the Wakulla Spring vent. Grab sampling was planned for Spring Creek vents #8 and
#11 and shepherd Spring. Immediately prior to the injection, a problem manifested at the Spring Creek
sampling station servicing vents #8, #10, and #11. It was learned that the low marsh island on which the
sampling platform was established is private property and the property owner dismantled our station and
refused access. The storm resulting in flowing water in Lost Creek occurred immediately after we learned
about the problem. As water levels associated with the storm were subsiding, Kincaid made the decision to
inject the tracer due to concerns that the window created by the storm might have been the only opportunity in
FY2008 to inject.
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Immediately after the injection, the Dyer and the FGS project manager, Rodney DeHan, were able to
negotiate access with the property owner and Dyer was able to re-establish the sampling station on the marsh
island. The station came on-line on June 3 and the first water sample was collected from Spring Creek vent
#10 at midnight June 4, 2008. All other stations came on line prior to the injection.

The initial sampling plan called for the deployment of IFFs and automatic water samplers at each of the six
sampling stations. Evaluation of tracer recoveries was to be based primarily on the IFF signals with water
sampling used only to confirm interpretations of positive detections from the fluorescence curves. Problems
encountered with the fluorometers, including systemic malfunctions, malfunctions associated with exposure to
salt water, potential erroneous signals related to high turbidity signals indicative of Spring Creek waters, and
logistical problems with deployments at Spring Creek, however prevented us from being able to confidently
depend on the IFFs as the primary tool for tracer detection. Consequently, significantly more water samples
were collected and used as the primary basis for determining tracer detections and plotting breakthrough
curves. To accommodate this, part of the Davies’ time originally dedicated to Task-2 was redirected to tracer
test sample analysis.

The tracer was detected in the first sample collected from Spring Creek vent #10 and subsequent 59 samples
spanning approximately 20 days marked the tailing edge of a breakthrough curve for which we apparently
missed the peak. The last detection at #10 was recorded on June 23 at 8:00 AM. Sporadic weak tracer
detections were obtained at Spring Creek vent #2 during that period but the tracer was not detected at vents
#1, or #11. Figure 9 shows the distribution of detections at the Spring Creek spring vents. Figure 10 shows
the breakthrough curve obtained at vent #2 relative to green fluorescence measured by the IFFs at vent #2.

Two IFFs were deployed at Spring Creek vent #2. One was covered with a filter sock intended to remove or
mitigate the potential masking effect of turbidity on the fluorescence signals. It appears from a comparison of
the fluorescence data that the sock successfully filtered a significant amount of turbidity, that turbidity has a
significant effect on fluorescence, and that the filtered fluorescence is a better record of fluorescence
changes. Figures 11 shows the fluorescence and turbidity curves measured by the filtered and unfiltered IFFs
at Spring Creek vent #2. Figures 12-16 show the regression of filtered vs non-filtered response for each the
IFF measured parameters.

The tracer was subsequently detected in water samples collected from Revel Sink and by the IFF deployed at
that station beginning at about 28 days after the injection and peaking at about 41 days after the injection.
The tailing edge of a well-formed breakthrough curve finished at about 48 days after the injection. The tracer
continued to be detected at that station at erratic concentrations in water samples through to about 77 days
after the injection when water sampling was stopped due to budget constraints. A potential second peak was
recorded by the insitu fluorometer that came through between 80 and 90 days after the injection at which time
it was taken off line due to budget constraints. Figure 17 shows the green and green-blue fluorescence curves
relative to the uranine concentrations measured from the water samples for the Wakulla K-Tunnel and the
Wakulla Vent stations respectively.

The tracer was also detected at Wakulla K-Tunnel and the Wakulla Spring vent. A breakthrough curve at K-
Tunnel determined by water sample concentrations began at about 44 days after the injection. It contained
two apparent peaks at increasing concentrations at 56 and 71 days after the injection. A corresponding curve
was recorded by the IFF in terms of both green and green-blue fluorescence. Those curves showed two small
bumps on a generally rising trend in fluorescence corresponding to the two water sample peaks and a
subsequent significantly larger peak in fluorescence levels that occurred at about 93 days after the injection
and roughly 22 days after water sampling at the K-Tunnel station stopped. Figure 18 contains two plots
showing the green and green-blue fluorescence curves relative to the uranine concentrations measured from
the water samples for the Wakulla K-Tunnel. The green-blue fluorescence curve shows two small rises and a
decline that correspond to the uranine detections from the water samples and a later significantly larger rise
that likely marks a second higher concentration plume of uranine passing the K-Tunnel station. Figure 19
shows the uranine recovery curve obtained from the water samples collected at the Wakulla Spring vent. No
IFF was deployed at the Wakulla Spring vent. Figure 20 provides a map showing the location of tracer
detections and the resulting tracer-defined groundwater flow paths.

Hypotheses

The southern conduits in the Wakulla-Leon Sinks Cave System extend south to the Spring Creek spring
vents. When Lost Creek was flowing, water traveled rapidly via conduits to Spring Creek vent #10 but not the
others due to a wedge of higher salinity water flowing into the deeper conduits that connect to vents #2 and
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#1. When Lost Creek stopped flowing, USGS water level gauge at spring Creek indicated that stage rose.
The rising stage caused reversed flow conditions at all of the Spring Creek vents (salt water flowing into
caves). The tracer that was in the conduit system but that had not made it to Spring Creek stalled in the
conduits and as stage continued to drop, the hydraulic gradient reversed and the tracer flowed to Wakulla
Cave past Revel Sink.

Recommendations

e The Lost Creek trace should be repeated under similar hydraulic conditions wherein sampling at all of
the Spring Creek vents should be initiated at least one week prior to the tracer injection to confidently
establish a baseline from which tracer breakthrough curves can be evaluated.

e IFFs should be deployed at Spring Creek vents #2, #3, and #10.

e Flow, stage and/or conductivity should be measured at the vents in tandem with fluorescence such
that the fluorescence curves obtained from those stations can be related to hydraulic conditions.

e Stage recorders should be deployed and operated at Revel Sink and Wakulla K-Tunnel during the
trace such that fluorescence measured at those stations can also be related to hydraulic conditions.
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Figure 9. Location of the major Spring Creek spring vents and the distribution of tracer detections obtained
from the 2008 Lost Creek groundwater tracer test. Basemap is from Lane (????).
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Figure 10. Tailing edge of a uranine breakthrough curve measured at Spring Creek vent #10 relative to green
and green-blue fluorescence measured by the filtered (IFF-192) IFF during the 2008 Lost Creek tracer test.
The early time data from the IFF records background fluorescence that was measured as part of a QA/QC
test of the IFFs prior to initiating the tracer test. The inverse correlation between green and green-blue
fluorescence during the early time period indicates that the initial high green fluorescence levels are from
natural tannins rather than uranine. The later time fluorescence data indicates that the tracer did not travel to
Spring Creek vent #2.
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Figure 11. Fluorescence and turbidity curves recorded in the unfiltered and filtered fluorometers at Spring
Creek vent #2 during the 2008 Lost Creek tracer test. The early time data from the IFFs record background
fluorescence that was measured as part of a QA/QC test of the IFFs prior to initiating the tracer test.
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Figure 12. Regression of unfiltered (IFF-152) vs filtered (IFF-192) green fluorescence measurements
recorded at Spring Creek vent #2 during the 2008 Lost Creek groundwater tracing test. The boxes mark the
early time data, which record a declining trend in fluorescence at the start of sampling (see Figure 11). There
is a strong correlation between the filtered and unfiltered values for the early-time data (higher fluorescence
values), which breaks down in the later-time data (lower fluorescence levels). This indicates that the influence
of turbidity on green fluorescence, which marks our uranine tracer, is only significant to green fluorescence
measurements at low levels.
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Figure 13. Regression of unfiltered (IFF-152) vs filtered (IFF-192) blue fluorescence measurements recorded
at Spring Creek vent #2 during the 2008 Lost Creek groundwater tracing test. The boxes mark the early time
data, which record a declining trend in fluorescence at the start of sampling (see Figure 11). There is a strong
correlation between the filtered and unfiltered values for the early-time data (higher fluorescence values),
which breaks down in the later-time data (lower fluorescence levels). This indicates that the influence of
turbidity on blue fluorescence, typically derived from natural tannins, is only significant to blue fluorescence
measurements at low levels.
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Figure 14. Regression of unfiltered (IFF-152) vs filtered (IFF-192) red fluorescence measurements recorded
at Spring Creek vent #2 during the 2008 Lost Creek groundwater tracing test. The boxes mark the early time
data noted for the green and blue fluorescence curves. In this case however, there was no initial decline from
elevated levels in the red fluorescence curve (see Figure 11). There is no significant correlation between the
filtered and unfiltered values for any period of the data record indicating that turbidity had a significant effect
on red fluorescence levels throughout the duration of the sampling period. Since there was no recorded rise in
red fluorescence however, it is impossible to determine from these data how higher red fluorescence levels,
which would mark the passage of our phloxine-B tracer if injected, would be affected by turbidity.
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Figure 15. Regression of unfiltered (IFF-152) vs filtered (IFF-192) turbidity measurements recorded at Spring
Creek vent #2 during the 2008 Lost Creek groundwater tracing test. The boxes mark the early time data noted
for the green and blue fluorescence curves. There is no significant correlation between the filtered and
unfiltered values for any period of the data record. From Figure 11, it can be seen that the unfiltered values
rose to a plateau level (probably an instrument maxima) early in the sampling period but that the filtered
values displayed some fluctuations. It is likely therefore that the filter reduced turbidity values sufficiently to be
within the instrument measurement range and therefore the fluctuations in the filtered curve reflect natural
variation.
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Figure 16. Regression of unfiltered (IFF-152) vs filtered (IFF-192) temperature measurements recorded at
Spring Creek vent #2 during the 2008 Lost Creek groundwater tracing test. The boxes mark the early time
data noted for the green and blue fluorescence curves. As expected, the filter exerted no apparent effect on
the temperature measurements.
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Revel Sink: Uranine Recovery & Green Fluorescence
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Figure 17. Green and Green-Blue fluorescence and uranine concentrations measured from water samples
collected at Revel Sink marking a distinct uranine breakthrough curve that passed the sampling station
between 28 and 47 days after the injection at Lost Creek. The curves indicate that some portion of the tracer
plume was retained somewhere between the injection and sampling points and traveled to the sampling
station in surges of lower concentrations after the main body of the tracer plume passed. The green
fluorescence curve obtained from the IFF data, which was collected for a longer period than the water
samples, indicates that a second larger concentration plume might have passed through Revel Sink at
between 84 and 98 days after the injection.
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Wakulla K-Tunnel: Uranine Recovery & Green Fluorescence
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Figure 18. Plots of green and green-blue fluorescence and uranine concentrations measured from water

samples collected at Wakulla K-Tunnel across the full range of the combined data (top) and a range limited to

the duration of water sampling (bottom). The water sample data marks an uranine breakthrough curve with

two small peaks that passed the sampling station between 44 and 77 days after the injection at Lost Creek.

These peaks are reflected in the green-blue fluorescence and can be seen in the green fluorescence data
when the range is lowered to show only the range corresponding to the water sampling period (bottom).

Water sampling was stopped at K-Tunnel prior to recording the full tailing edge of the breakthrough curve due

to budget constraints. A subsequent significant rise in green fluorescence that began at about 87 days after

the injection (after water sampling was stopped) and supported by a similar distinct rise in green-blue
fluorescence indicates that a second higher-concentration plume of uranine passed the K-Tunnel sampling

station during that time period. One explanation for the multiple plumes is surges of northward flow from the

Lost Creek and potentially Spring Creek regions responding to water table fluctuations that push parts of
inject dye plume north to Wakulla Spring.
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Wakulla Vent: Uranine Recovery
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Figure 19. Plot of uranine concentrations measured from water samples collected at the Wakulla Vent
showing a partial uranine breakthrough curve that passed the sampling station between 45 and 61 days after
the injection at Lost Creek. Water sampling at the Wakulla Spring Vent was stopped at 61 days due to budget
constraints.
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Figure 20. Map of the southwestern part of the WKP showing the tracer defined groundwater pathways as of
the 2008 Lost Creek groundwater tracer test.
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