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1. INTRODUCTION 

Geosyntec Consultants, Inc. (Geosyntec) has prepared this Coastal Salinity Network Data 
Quality Assurance and Analysis Report (Report) on behalf of the Suwannee River Water 
Management District (SRWMD). The purpose of this Report is to summarize the review 
of existing specific conductance (conductivity) data sets from the coastal salinity network 
as shown on Figure 1 and summarized in Table 1, evaluation of sampling and 
measurement techniques, and provide guidance regarding statistical analysis and 
modeling of the data.   
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2. DATA COLLECTION 

The SRWMD deployed OTT-PLS-C transducers at 10 groundwater monitoring well 
locations in the big bend area as shown on Figure 1 to evaluate continuous conductivity 
data. The data included in this evaluation was collected between April 2019 and 
December 2021. In addition, manual field measurements of groundwater conductivity 
and continuous groundwater elevation data were also collected.  The groundwater well 
locations and summary of collected data is shown in Table 1.  Graphs of the data are 
provided in Figures 2 through 11.  Well construction data is provided in Appendix A 
and available geophysical borehole data are provided in Appendix B. 
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3. DATA EVALUATION 

Initial review of the transducer conductivity data revealed that there were two trends 
present.  The first trend showed conductivity values fluctuation in response to 
groundwater elevation changes derived from rainfall events and seasonality (Figures 2 
through 5).  At these groundwater monitoring locations, the transducers were placed 
within the well screen or open borehole.  The second trend revealed that conductivity 
appeared to vary at some wells in a step function manner.  In these wells conductivity 
values experienced sudden increases or declines primarily during sampling and 
calibration efforts (Figures 6 through 9).  At these groundwater monitoring locations, 
the transducers were not placed within the well screen or open borehole due to water 
pressure limitations of the transducers.  Lastly, continuous conductivity values were not 
available from two transducers, but water elevation and field measured conductivity were 
available as shown in Figures 10 and 11. 

3.1 WELLS WITH TRANSDUCER POSITIONED IN WELL 
SCREEN/OPEN BOREHOLE 

Five of the wells in the coastal salinity network were outfitted with transducers that were 
placed within the well screen or open borehole section (Cabbage Grove Tower, Hampton 
Tower, Salem Tower, Levy Co Comm Fowlers Bluff Ridge, and Jonesboro Tower.)  The 
conductivity data reported for each of these wells (where available) are discussed below.   

3.1.1 Cabbage Grove Tower 

Transducer conductivity generally tracked with the measured groundwater elevation with 
a slight lag at this location.  However, during certain periods from 2019 to 2021 
conductivity and groundwater elevation are negatively correlated, showing opposite 
trends depending most likely on rainfall occurrence and seasonality. A coincidental 
lowering of conductivity as the groundwater level increases would be expected to occur 
if the only source of groundwater is recharge from rainfall (i.e., low conductivity water).  
If the source of groundwater was relatively more saline groundwater, the conductivity 
may be coincidental with the water elevation fluctuations.  At Cabbage Grove Tower, the 
observed lag may be a result of the distance between the well and the source of water 
recharging the well or may be a result of vertical placement of the transducer in the well 
(i.e., placement relative to fracture transmitting groundwater flow to the well).  Appendix 
B provides borehole geophysical data showing the current transducer location and a 
possible alternate location where there is a change in fluid resistivity and an increase in 
core porosity.  If flow in the well is entering at a greater elevation and not passing directly 
over the transducer, there may be a lag time due to relatively slow diffusion processes. 

3.1.2 Hampton Tower 

While the transducer is within the screened interval of this well, the conductivity data 
does not appear to track well with the groundwater elevation data.  This may either be 
due to the source of groundwater and/or the placement of the transducer within the well 
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screen.  Review of the geophysical log in Appendix B suggests that there may be an 
alternate elevation at which the transducer could be paced such that it may more 
accurately measure a major component of flow into the well screen interval.   

3.1.3 Salem Tower 

The transducer is within the screened interval of the well and the conductivity generally 
tracks well with the groundwater elevation.  Review of the available geophysical log 
indicates that the transducer is positioned in a location close to the vertical location with 
the greatest fluid flow.   

3.1.4 Levy Co Comm Fowlers Bluff Refuge 

The transducer is located within the screened portion of this well and the conductivity 
typically tracks in the opposite direction of the water elevation.  This is likely due to the 
shallow placement of the well screen and consequent direct recharge of fresh groundwater 
during rain events.  A geophysical log is not available for this well.  It should be noted 
that during the month of August 2021, the transducer malfunctioned and was 
subsequently replaced. 

3.1.5 Jonesboro Tower 

Jonesboro tower had a transducer installed within the screened portion of the well, but 
the transducer did not record conductivity data.  A geophysical log is not available for 
this well location. 

3.2 WELLS WITH TRANSDUCER POSITIONED IN THE WELL 
CASING 

As described in the Section 3.0, four of the wells in the coastal salinity network were 
outfitted with transducers that were placed in the well casing due to transducer limitations 
(Foley Steinhatchee, GP6 UFA near Weeks, Rosewood Tower, and Lebanon Tower).  
The conductivity data reported for each of these wells are shown in Figures 6 through 
9.  The conductivity in these wells behave in a similar manner whereby the conductivity 
value tends to hold relatively steady for a period of time and then either suddenly 
increases or decreases followed by a period of consistent conductivity.  This is likely 
attributed to the vertical placement of the transducer being within the well casing and the 
change in conductivity is attributable to either diffusion of solutes in the water column or 
due to a volume of water entering or leaving the casing due an increase or decrease in 
groundwater level.  In this case, groundwater sampling at the well will also induce a rapid 
change in the water quality observed by the conductivity sensor located within the well 
casing.   

Geophysical logs were available for the Foley Steinhatchee and Rosewood Tower wells.  
The Foley Steinhatchee geophysical well log was difficult to read and does not provide 
guidance for transducer placement.  The available geophysical data for the Rosewood 
Tower well shows that the caliper log indicates fractures around 420 feet (ft) below 
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ground surface (ft bgs), and resistance is low at this interval indicating higher conductivity 
water entering the boring. 

The transducer at Three Spot Wayside Park did not record conductivity during the 
monitoring period.  Additionally, there is no geophysical log available for this monitoring 
well location. 
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4. WELL CONDUCTIVITY PROFILES 

4.1 DATA SUMMARY 

Conductivity profiles with depth in each well were performed in December 2020 and 
March, June, September, and December 2021.  The profiles are shown in Appendix C.  
A summary of trends noted within the profiles is provided in Table 1.  Generally, 
conductivity decreased with depth at Cabbage Grove Tower and Foley.  Conductivity 
generally increased with depth at Rosewood.  No consistent trend over time was noted 
with depth at Salem, Weeks, Levy, Hampton, Lebanon, Jonesboro, and Three Spot.  At 
Lebanon Tower the first depth interval typically had a lower conductivity than the 
remaining three measurements which had no discernable trend.  As noted in Table 1 and 
shown in Appendix C, the conductivity profile was partially or fully conducted above 
the well screen at Foley, Lebanon, Three Spot, Rosewood, and Weeks.  The water in the 
solid casing is not representative of water flowing through the aquifer within the screened 
interval.   

It should be noted that the maximum reported conductivity was 11,226 microsiemens per 
centimeter (µS/cm).  This measurement was reported during the profiling of Salem Tower 
during June 2021 at the shallowest depth interval (11.2 ft bgs).  The conductivity of sea 
water is the area is approximately 55,000 µS/cm.  This suggests that the saltwater-fresh 
groundwater interface is not present within the well screens used in this study. 

The above evaluation must; however, be caveated.  The values of conductivity measured 
during the profiling were about an order of magnitude greater than those measured via 
the transducer, lab measurement, or field measurement.  For example, the conductivity 
measured during profiling at Salem Tower in June 2021 was 9,638 µS/cm within the well 
screen while the transducer measured, lab reported, and field reported values were 210 
µS/cm, 175.8 µS/cm, and 189 µS/cm, respectively. The profiling protocol was reviewed 
and does not appear to be the source of the difference between well profiling and well 
sampling reported conductivity values.  The source of the discrepancy remains unclear. 

4.2 METHODOLOGY AND DATA EVALUATION 

Geosyntec understands that the original intent of establishing conductivity profiles in the 
coastal salinity network wells was to identify the depths at which the transition zone and 
the saltwater wedge are encountered in the Upper Floridan Aquifer (UFA) at each well 
location. However, the sampling strategy and methodology may not be adequate to meet 
the intended goal of locating and monitoring the saltwater-fresh groundwater interface 
including the transition zone and the saltwater wedge. 

Studies performed in coastal areas of Florida show that given the hydrogeologic 
heterogeneity of the UFA, the position of the saltwater wedge can vary significantly both 
horizontally and vertically.  
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The fresh groundwater, transition zone, and saltwater wedge along the Gulf coast of 
Florida have been defined in terms of conductivity as the 0-2,000 µS/cm, 2,000-15,000 
µS/cm, and 15,000-50,000 µS/cm value ranges in a number of studies (e.g., Mahon, 1990; 
Williams and Kuniansky, 2016). 

Although limited research has been conducted in the area of interest to this respect, 
studies conducted along the Gulf coast of Florida suggest that, at a distance of 7 miles 
from the shore (average distance of all coastal salinity network wells), the transition zone 
and saltwater wedge are likely located close to 1,000 ft bgs (Mahon, 1990). Therefore, 
the saltwater-fresh groundwater interface in the UFA along the coastal salinity network 
area is most likely located significantly deeper than the existing monitoring wells.  

In some coastal areas of northeast (Gulf coast) and northwest (Atlantic coast) Florida, the 
UFA has been reported to contain fresh to slightly brackish groundwater across the entire 
saturated thickness (e.g., Swarzenski et al., 2001; Barlow, 2003; Williams and 
Kuniansky, 2016). Furthermore, fresh to brackish diffuse submarine groundwater 
discharge and submarine springs from the UFA have been reported along the Gulf coast 
of northern Florida (Swarzenski et al., 2001; Grubbs and Candall, 2007; Dimova et al., 
2011).  

Conductivity values measured at Levy Co Comm Fowlers Bluff Refuge (screened 4-28 
ft below the wells monitoring point [bmp]) and Rosewood Tower (screened 420-440 ft 
bmp), located relatively close, show a vertical difference of one order of magnitude. The 
highest conductivity values of approximately 6,000 µS/cm, measured at Rosewood 
Tower, is equivalent to an approximate salinity of only 3‰ (Wagner et al., 2006). Based 
on these values it is apparent that the transition zone between the fresh groundwater and 
saltwater starts approximately at 400 ft bgs in that area. However, the transition zone in 
this area can be up to 100 ft thick and saltwater might be encountered more than 500 ft 
bgs (Mahon, 1990).  

Multiple studies conducted in coastal areas of Florida show that upconing of deep 
saltwater can be focalized in the immediate vicinity of production wells (e.g., Prinos et 
al., 2014). It is likely that along the coastal salinity network area similar processes occur 
temporarily in the vicinity of coastal municipality production wellfields. It is known that 
some coastal municipalities in the area have historically stopped withdrawals due to high 
conductivity issues, likely due to focalized saltwater upconing during dry periods.  

Based on all the above, Geosyntec understands that the screen depths of the coastal 
salinity network wells are insufficient to monitor the saltwater wedge. Therefore, if the 
same monitoring network goal was to be implemented, deeper wells should be monitored 
or installed. If new wells were to be installed, Geosyntec would recommend multilevel 
packer testing during drilling efforts to sample isolated depth intervals and identify the 
saltwater wedge to guide well construction and open/screened section construction. If 
these wells are installed at a similar distance from the shore compared to the existing 
monitoring wells, Geosyntec would recommend planning well installations deeper than 
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500 ft bgs. In order to avoid deep drilling penetration and well installations, Geosyntec 
would also recommend placing the new wells closer to the Gulf, where the saltwater 
wedge would be located shallower. 

Collecting depth profile readings within the same well, only screened in a single depth 
zone, would only be representative of the aquifer conditions within that screen interval. 
In order to generate conductivity depth profiles in the coastal salinity network, individual 
and isolated depth zones should be monitored. Therefore, the current depth profile 
readings may be discontinued, and the sampling conductivity values collected during 
purging should be used instead. If the same monitoring network goal was to be 
implemented, Geosyntec would recommend installing and monitoring clustered wells 
screened at different depth zones in the same locations to truly build depth profiles and 
capture the saltwater wedge. As mentioned above, these clustered wells should be placed 
closer to the Gulf to minimize the installation depths. 

Geosyntec understands the magnitude of the investment potentially required to 
accomplish the above suggestions. Alternatively, SRWMD may slightly change the 
original goal of identifying the transition zone and the saltwater wedge in the UFA at 
each well location. If the main goal of these monitoring efforts is to ensure short-term and 
long-term water quality in the coastal areas of interest, the current monitoring network 
would satisfy the current needs. In this scenario, efforts should be focused on optimizing 
the network by placing transducers capable of measuring conductivity in all wells and 
placing all transducers within the most productive zone of the screen interval. 
Additionally, further efforts should be focused on avoiding the anomalous fluctuations in 
conductivity recorded in some of the wells during calibration and sampling efforts. 
Although the saltwater wedge would not be monitored or identified, temporal trends of 
conductivity can be used as a proxy of saltwater wedge advancement and hence, potential 
saltwater intrusion issues.  

The conductivity time series collected at wells with transducer placed within the screen 
interval such as Levy Co Comm Fowlers Bluff Refuge and Cabbage Grove Tower show 
temporal variations typical of coastal aquifers. Groundwater elevation and conductivity 
are well correlated, showing the expected opposite trends depending primarily on rainfall 
occurrence and seasonality (Santos et al., 2009). These readings show that an optimized 
monitoring network can be used to 1) identify long-term conductivity increases and 
subsequent water quality degradation and 2) anticipate short-term and seasonal periods 
of lower water quality. 

In order to further optimize the existing monitoring network, access to municipality 
production wellfield and wellfield monitoring data such as groundwater levels and 
conductivity could also be potentially useful. Coupling periods of wellfield production 
shut down with long-term conductivity measurements would 1) complement the 
SRWMD monitoring network and provide a more robust data set and 2) could help 
anticipate future wellfield production interruptions.  Additionally, rainfall data collected 
from nearby stations should also be added to the dataset to elucidate how rain events and 
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precipitation seasonality affects short-term and long-term groundwater elevation and 
conductivity trends.  
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5. STATISTICAL EVALUATION 

A statistical evaluation of the laboratory, field, and transducer data was performed in 
instances where the transducer was placed within the well screen or open borehole.  In 
instances where the transducer was not installed in the well screen/open borehole a 
statistical analysis of only the lab and field conductivity was performed.  This evaluation 
is available in Appendix D.  The evaluation showed good correlation between the 
laboratory and field results except at Salem and Hampton.   

The agreement between transducer results with field and laboratory measurements of 
conductivity varied between the transducer locations. Good agreement was observed for 
measurements at Cabbage Grove.  The transducer at Hampton was in good agreement 
with the laboratory and field measurements on average, although greater than ideal 
variability was noted.  At Levy a slight positive bias beyond 5% was observed in the 
transducer data as compared to laboratory and field measurements. At Salem the 
transducer introduced a substantial (~20% on average) positive bias in conductivity 
measurements compared to the laboratory and field measurements. This bias at Salem 
could be related to substantially different locations for the transducer and pump inlet 
within the groundwater monitoring well or issues with the calibration of the transducer. 

Finally, a trend analysis was performed with transducer data in cases where the transducer 
was placed within the well screen.  This evaluation showed that the data was not well 
suited for clearly defining a trend due to the wide data variability.  Additional data 
collection may help with trend analysis in the future.  
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6. EVALUATION OF FIELD SAMPLING AND DATA 
COLLECTION TECHNIQUES 

Geosyntec evaluated the field sampling, measurement, and data retrieval techniques 
utilizing the Florida Department of Environmental Protection (FDEP) Standard 
Operating Procedures (SOPs) as the primary assessment guidance. This evaluation was 
conducted during a groundwater sampling event performed in the ten groundwater 
monitoring wells that comprise the coastal salinity network in Task Work Assignment 
19/20-036.004 (Figure 1). Wood PLC (Wood) assists the SRWMD with groundwater 
sampling, measurement, and data retrieval efforts as a subcontractor. Geosyntec 
accompanied a Wood representative during the groundwater sampling event that occurred 
between 29 March and 30 March 2022. 

During the groundwater sampling efforts evaluated, the applicable FDEP SOPs were 
implemented correctly with the exception of the groundwater purging procedure at one 
well and quality control blank collection. 

6.1 Groundwater Purging Procedure  

FDEP SOP FS2200 specifies in section FS2213 1.1.1 that during purging activities of 
monitoring wells the Minimal Purge Volume procedure can only be applied under the 
following conditions: 

 The same pump is used for both purging and sampling, 

 The well screen or borehole interval is less than or equal to 10 ft, and 

 The well screen or borehole is fully submerged. 

The ten monitoring wells that comprise the coastal salinity network have screen lengths 
that are greater than 10 ft, ranging from 20 to 50 ft (Table 1). Therefore, Geosyntec 
recommends that the Conventional Purge procedure is followed during subsequent 
sampling events at all wells to enhance data quality and ensure FDEP SOPs compliance.  

Particularly, during sampling efforts at Lebanon Tower the water level was likely not 
stabilized at time of sampling and less than 1/4 of well volume was purged between 
measurements as specified in section FS2212 Section 2.3. Geosyntec recommends to 
either lower purge flow rate or wait for water level stabilization and ensure that at least 
1/4 of the well volume is purged between measurements. 

The dedicated pumps currently placed in all wells, except Foley Steinhatchee and 
Cabbage Grove Tower, can be left at their current depths and still adhere with FDEP 
SOPs. During sampling efforts at Foley Steinhatchee and Cabbage Grove Tower, the 
pump should be placed in the top one foot of the water column or no deeper than necessary 
to account for drawdown during purging (FS2213 Section 1.2). Similarly, when dedicated 
submersible pumps are installed at Foley Steinhatchee and Cabbage Grove Tower, the 
pumps should be placed at a depth that would ensure a stable water level during purging. 
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6.2 Quality Control Blanks Collection 

FDEP SOP FQ1000 specifies in Sections FQ1212 and FQ1230 2.1.1 that field-cleaned 
equipment blanks collection is mandatory if any sampling equipment decontamination is 
performed in the field.  

Foley Steinhatchee and Cabbage Grove Tower wells are sampled using a non-dedicated 
submersible pump that is decontaminated after sampling.  

Geosyntec recommends that, in order to help ensure that samples are representative of 
the sampling source and have not been artificially contaminated during the sample 
collection process, a single field-cleaned equipment blank is collected after sampling 
Foley Steinhatchee and Cabbage Grove Tower wells.  

As specified in FQ1212, the following instructions should be followed during the field-
cleaned equipment blank collection: 

 Collect this blank using the submersible pump that has been cleaned in the 
field. The cleaning procedures used for the blank collection must be identical 
to those used for the field sample collection. 

 Prepare the field-cleaned equipment blank immediately after the submersible 
pump is cleaned in the field and before leaving the sampling site. 

 Prepare the equipment blank by rinsing the submersible pump with analyte-
free water and collect the rinse water in appropriate sample containers (see FQ 
1100). 

It is Geosyntec’s understanding that dedicated submersible pumps will also be installed 
at Foley Steinhatchee and Cabbage Grove Tower wells in the near future. When dedicated 
pumps are used at all ten wells, field-cleaned equipment blank collection will no longer 
be necessary. 
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7. CONCLUSION AND RECCOMENDATIONS 

Transducer measured groundwater elevation was measured at ten monitoring well 
locations in the Coastal Salinity Network.  In eight of these locations, conductivity was 
also measured by transducers.  Four of these locations had transducers installed within 
the well screen and four locations had transducers installed within the well casing.  
Transducers were installed within the well casing due to limitations associated with 
accuracy of water level readings. 

In general, field measured conductivity were consistent with the transducer measured 
conductivity values.  However, the transducer measured conductivity values in wells 
where the transducers were located in the well casing had a different signature from those 
deployed within the well screen. This signature was likely due to the transducer only 
being able to measure conductivity through diffusion of dissolved constituents in the well 
casing water column or sudden changes in the water column exchanges during 
groundwater level increase/decrease or well sampling. Other possible sources of the 
discrepancy could be conductivity sensor malfunction or a malfunction in the recording 
or relay of this data.  This seems less likely as the transducers pass their calibration 
checks. 

In general, field sampling, measurement, and data retrieval techniques during sampling 
efforts of the coastal salinity network were implemented correctly during monitoring data 
collection. However, monitoring procedures can be modified to improve data quality and 
comply with FDEP SOPs. 

Geosyntec recommends the following:  

 Application of the Conventional Purge procedure during sampling efforts of 
the ten monitoring wells of the coastal salinity network.  

 Collection of a field-cleaned equipment blank after sampling Foley 
Steinhatchee and Cabbage Grove Tower wells. When dedicated pumps are 
used at all wells, field-cleaned equipment blanks collection will no longer be 
necessary. 

 Place all existing transducers within the screen interval or open borehole 
portion of the well close to an area where geophysical logs suggest an open 
fracture with water entering or exiting the borehole. In situations where the 
pressure transducer component of the transducer must be deployed within the 
well casing to avoid over pressurization, it is recommended to deploy a second 
transducer within the screened/open portion of the well. 

 Install transducers capable of measuring conductivity at Three Spot Wayside 
Park and Jonesboro Tower wells. 

 Discontinue the current conductivity depth profile readings and use the 
sampling conductivity values collected during purging. 
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 Install clustered wells screened at different depth zones in the same locations 
to build depth profiles and capture the saltwater wedge. Install the new wells 
closer to the Gulf where the saltwater wedge would be located shallower in 
order to avoid deep drilling penetration and well installations.  

 Alternatively, to the above recommendation, SRWMD may slightly change 
the original goal of identifying the transition zone and the saltwater wedge in 
the UFA at each well location. Focus efforts optimizing existing network by 
placing transducers capable of measuring conductivity in each well and place 
within the most productive zone of the screen interval, adding rainfall data 
from nearby stations, and incorporating groundwater level and conductivity 
data from municipality production wellfield for a more robust dataset. By 
optimizing the existing network SRWMD can potentially anticipate future 
wellfield production interruptions.  This could be done by using statistical 
analyses to correlate production wellfield interruptions with precipitation, 
nearby river or stream elevation, groundwater elevations, and conductivity. 

 Develop a protocol to address issues when there is discrepancy noted between 
transducer, lab, and/or field data. 

 The trend analysis of conductivity at the four wells where the transducer was 
placed within the well screen was inconclusive.  The transducer data was not 
well suited to Mann-Kendall analysis or fitting a linear regression due to 
frequent fluctuations to higher and lower conductivity. Geosyntec 
recommends a longer time series of conductivity data be collected and 
analyzed in the future. The exact length of time is not known and will be 
dictated by data evaluation.  Based on current data, the use of Mann Kendall 
test and linear regression appears appropriate to evaluate the trends. 



 
 

SRWMD_Task_4_Report.docx 15  June 2022 

8. REFERENCES 

Barlow, P.M., 2003. Ground water in freshwater-saltwater environments of the Atlantic 
coast (Vol. 1262). Washington, DC, USA: US Department of the Interior, US Geological 
Survey.  

Dimova, N.T., Burnett, W.C. and Speer, K., 2011. A natural tracer investigation of the 
hydrological regime of Spring Creek Springs, the largest submarine spring system in 
Florida. Continental Shelf Research, 31(6), pp.731-738. 

Grubbs, J.W. and Crandall, C.A., 2007. Exchanges of water between the upper Floridan 
aquifer and the lower Suwannee and lower Santa Fe rivers, Florida (p. 83). US 
Geological Survey. 

Mahon, G.L., 1990. Potential for saltwater intrusion into the Upper Floridan aquifer, 
Hernando and Manatee counties, Florida (Vol. 88, No. 4171). Department of the 
Interior, US Geological Survey. 

Prinos, S.T., Wacker, M.A., Cunningham, K.J. and Fitterman, D.V., 2014. Origins and 
delineation of saltwater intrusion in the Biscayne aquifer and changes in the distribution 
of saltwater in Miami-Dade County, Florida (No. 2014-5025). US Geological Survey. 

Santos, I.R., Burnett, W.C., Chanton, J., Dimova, N. and Peterson, R.N., 2009. Land or 
ocean?: Assessing the driving forces of submarine groundwater discharge at a coastal site 
in the Gulf of Mexico. Journal of Geophysical Research: Oceans, 114(C4). 

Swarzenski, P.W., Reich, C.D., Spechler, R.M., Kindinger, J.L. and Moore, W.S., 2001. 
Using multiple geochemical tracers to characterize the hydrogeology of the submarine 
spring off Crescent Beach, Florida. Chemical Geology, 179(1-4), pp.187-202. 

Wagner, R.J., Boulger Jr, R.W., Oblinger, C.J. and Smith, B.A., 2006. Guidelines and 
standard procedures for continuous water-quality monitors: station operation, record 
computation, and data reporting (No. 1-D3). 

Williams, L.J. and Kuniansky, E.L., 2016. Revised hydrogeologic framework of the 
Floridan aquifer system in Florida and parts of Georgia, Alabama, and South Carolina. 
United States Department of the Interior, United States Geological Survey 

 



 

 

TABLE 
 



Table 1
Well Construction and Transducer Placement Summary Table

Coastal Salinity Network SRWMD

Well ID Well Name Latitude Longitude
Measuring Point 
(ft NGVD29)

Transducer 
Depth 
(ft bmp)

Pump Depth 
(ft bmp)

Top of Screen 
(ft bmp)

Bottom of Screen
(ft bmp)

Screen 
Length

Transducer in 
Well Screen/ 
Open Bore?

Pump in Well 
Screen/ Open 

Bore?

Lithology 
Monitored

Geophysics Notes Conductivity Profile Notes

S030424003 Cabbage Grove Tower 30.094532 -83.571365 34.00 27
No Dedicated 

Pump in Place
9 41 32 Y Unknown Limestone

Gamma Log shows porosity increases and resistivity shows 

conductance is lowest at about 15' bgs.  Possible change 

transducer to this elevation

Measurements within well casing.  Slight decrease in 

conductivity with depth.

S050615002 Hampton Tower DOC 30.040958 -83.717447 28.42 36 Unknown 20 43 23 Y

Unknown‐  Pump 

reported to be 

80' bgs, but well 

is only 40' bgs

Limestone
Not at a bad elevation.  Setting it at 20 ft bgs may have 

connection to a more productive zone

First depth measurement is at the casing/screen interface.   

No consistent visual trend with depth.

S080907003 Salem Tower 29.794778 -83.466804 37.00 26 Unknown 12 44 32 Y Unknown Ocala LS/Dolomite
Transducer in right spot where density and fluid resistivity 

are greatest

Profile in well screen except 9/21 top measurement.  No 

consistent visual trend with depth.

S090914003 Foley Steinhatchee 29.694639 -83.388167 26.03 20
No Dedicated 

Pump in Place
65 97 32 N Unknown

Ocala Limestone 

/Dolomite starts at 

55'bgs

Difficult to read

Top two measurements in casing.  Third measurement at 

casing/screen interface.  Fourth measurement in screen. 

Conductivity decreases with depth.

S091011004 Jonesboro Tower 29.708645 -83.294888 32.77 14 20 3 35 32
Y/No Transducer 

Data
Y Ocala Limestone  No Geophysics

First depth measurement is at the casing/screen interface.   

No consistent visual trend with depth.

S121330002 GP6 UFA near Weeks Landing 29.413266 -83.043990 14.98 18 Unknown 22 43 21 N Unknown Ocala Limestone  No Geophysics

Top measurements is in casing.  second measurement at 

casing/screen interface.  Third and fourth measurement in 

screen. No consistent visual trend with depth.

S141305001 Levy Co Comm Fowlers Bluff Refuge 29.296556 -83.032472 9.48 19 23 4 28 24 Y Y Approximate Ocala Limestone  No Geophysics

Measurements within casing.  No consistent visual trend with 

depth other than first depth measurement is either higher or 

lower than other depth measurements.

S141429001 Rosewood Tower 29.237583 -82.936028 19.45 25 25 424 444 20 N N Brown Limestone

Done for 300 to 441 ft bgs.  Caliper log indicates fractures 

around 420 ft bgs, but fluid resistivity and temperature 

don’t show anything remarkable at this depth, Reistance is 

low at this interval indicating higher conductivity water 

entering the boring.

Measurements within casing.  Conductivity appears to 

increase slightly with depth.  

S141620007 Three Spot Wayside Park 29.253503 -82.724401 12.76 ‐13 25 48 98 50
N/No Transducer 

Data
N Limestone No Geophysics

Top measurements is in casing.  second measurement at 

casing/screen interface.  Third and fourth measurement in 

screen. No consistent visual trend with depth.

S151719004 Lebanon Tower 29.160197 -82.630876 34.76 15 75 81 111 30 N N Brown Limestone No Geophysics
All measurements within well casing.  No consistent visual 

trend with depth.

Notes:

1. ft = feet

2. bmp = below measuring point

3. NGVD29 = National Geodetic Vertical Datum of 1929
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Specific Conductance and Water Elevation 
Cabbage Grove Tower 

 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Hampton Tower 

 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Salem Tower 

 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Levy Co Comm fowlers Bluff Ridge 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Foley Steinhatchee 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
GP6 UFA Near Weeks 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Rosewood Tower 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Lebanon Tower 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Jonesboro Tower 

Tampa, FL 25-Feb-2022 
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Specific Conductance and Water Elevation 
Three Spot Wayside Park 

Tampa, FL 25-Feb-2022 

 
 

 



 

 

APPENDIX A  
Well Installation Records  























































































Barnes, Ferland and Associates, Inc.
1230 Hillcrest Street

Orlando, FL  32803

PHONE: (407) 896 8608

PROJECT NUMBER: BFA# 2015-01.1 PAGE: 1 of 1

PROJECT NAME: Monitor Well Network Improvement Project TOTAL DEPTH: 87 ft.

LOCATION: Levy 6 UFA,  Gulf Hammock GROUND SURFACE ELEVATION:

DRILLING CO. Huss Drilling, Inc. STATIC WATER LEVEL (Ft. BLS) 3.1

DRILLING METHOD: SPT boring APPROX. WATER LEVEL (Ft ELEV.) :

HYDROGEOLOGIST: Roger Simon                     TIME: 

DATE BEGIN: 2/13/2018             DATE COMPLETED: 2/14/2018                     DATE :

SAMPLE

No. DEPTH (ft) Blows/6"

1

2

3

REMARKS: 1 SPT refusal at 20 ft bls. Set nominal 4" PVC casing at 35 ft.

2 Loss mud circulation at 44 ft. bls

3 Boring complete at 87 ft. bls

Cream, LIMESTONE

SAME AS ABOVE

17 85

SAME AS ABOVE

SAME AS ABOVE

SAME AS ABOVE

Brown, LIMESTONE, hard

SAME AS ABOVE

LEVY 6 WELLSITE

SPT BORING LOG                             

Brown, SAND W/Clay,(CL) low plasticity, cohesive

Gray, LEAN CLAY W/ SAND, (CL) medium plasticity, cohesive

Gray, LEAN CLAY W/ GRAVEL, (CH) medium plasticity, cohesive

Gray, poorly graded SAND W/ CLAY and GRAVEL, (SP-SM)

SAMPLE DESCRIPTION STRATUM DESCRIPTION REMARKS

1

3,3,3,32 10

3

SAND AND CLAY

18,20,23,31

15 13,4,12,12

SAME AS ABOVE

SAME AS ABOVE

SAME AS ABOVE

SAME AS ABOVE

SAME AS ABOVE

SAME AS ABOVE

13

15

25

30

11

75

70

6

10

12 60

35

40

50

55

8016

65

LIMESTONE

5

14

5

20

45

7

8

9

4

wash cuttings









 

 

APPENDIX B  
Well Geophysical Records 
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Geophysical Log 
Hampton Tower 

Office Location 25-Feb-2022 
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Geophysical Log 
Salem Tower 

Office Location 25-Feb-2022 
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Geophysical Log 
Rosewood Tower 

Office Location 25-Feb-2022 
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Geophysical Log 
Foley Steinhatchee 

Office Location 25-Feb-2022 
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Geophysical Log 
Cabbage Grove Tower 

Office Location 25-Feb-2022 

 
 

 



 

 

APPENDIX C  
Conductivity Profiles
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M e m o r a n d u m 

Date: April 6, 2022 
 

To: Robbie McKinney, SRWMD 
 

From: Matt Gozdor, Lisa D’Agostino, Cathy Crea; Geosyntec Consultants, Inc. 
 

Subject: Task Work Assignment 19/20-036.004 Coastal Salinity Network Evaluation of 
Field Sampling and Data Collection Techniques- Task 2 

 

Geosyntec Consultants, Inc. (Geosyntec) has prepared this memorandum to document our 
evaluation of data collected by the Suwannee River Water Management District (SRWMD) in the 
ten groundwater monitoring wells that comprise the coastal salinity network in the referenced Task 
Work Assignment. This work consisted of preparation of plots and statistical evaluations 
comparing contemporaneous measurements of conductivity in the field, at the lab, and/or via a 
transducer. Evaluation of trends via statistical methods for wells with appropriately placed 
transducers was also conducted. 

ACCURACY AND REPRODUCIBILITY IN CONDUCTIVITY MEASUREMENTS 

As a reference for the expected range of bias and reproducibility that can be expected in repeated 
conductivity measurements in different locations and with different conductivity meters, we refer 
to EPA Method 120.1: Conductance by Conductivity Meter (EPA 1982). The method contains a 
table outlining the results of an inter-laboratory study of the measurement of conductivity in six 
synthetic water samples. Among the six water samples, the bias as a percentage of the conductivity 
measurement ranged from -0.76% to -5.36%. Based on this, we expect measurements by different 
methods to be within about 5% of each other on average. The relative standard deviations of the 
measurements as a percentage of the conductivity, ranged from 6.5% to 9.4%. Based on this, we 
expect that an acceptable range for the percent difference between paired contemporaneous 
conductivity measurements to be for a large majority (90-95% of measurements) to be within 10%. 
Given that the lab, field, and transducer measurements are performed using different devices in 
different environments by different personnel, some low level of difference between the 
measurements is to be expected. 

STATISTICAL EVALUATIONS 

The conductivity data collected by the SRWMD in the ten groundwater monitoring wells that 
comprise the coastal salinity network were analyzed statistically to compare differences in 
measurement methods.  The three comparisons made among the methods were: 

1. Field versus laboratory measurements;  

2. Transducer versus Field measurements; and  
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3. Transducer versus laboratory measurements.   

Conductivity data were compared using the following statistical methods: 

1. Ratio paired t-test – a test to compare the average ratio of measurements among methods 
and determine whether average ratio is to be within about 5% of each other on average. 

2. Bland-Altman plots – plots to evaluate the agreement (i.e., via percent differences) between 
quantitative measurements obtained by two different methods. 

3. Temporal trend tests – Mann-Kendall and linear regression were using to determine 
whether conductivity values were increasing, decreasing or stable trends. 

For each of the ten monitoring wells, a Bland-Altman plot was prepared, and a ratio paired t-test 
was performed to examine the differences between the available paired measurements. For the six 
(6) wells, for which the transducer was placed outside the screened interval or transducer data was 
unavailable, only the field vs. lab comparison was performed. For the remaining four (4) 
monitoring wells with transducer data from a transducer placed in the screened interval, all three 
comparisons were made.  For these latter four wells, trend tests were also conducted to determine 
whether conductivity was increasing, decreasing or showed a stable trend.  The table below 
summarizes these analyses and comparisons for each of the ten monitoring wells. 

When transducer data was available, the average of hourly measurements bracketing a field 
measurement was used for comparison. Occasional extreme outlying transducer measurements 
were excluded from the averages and replaced with the nearest measurement in the usual range 
before or after the measurement event as required. These outlying values may be associated with 
calibration, movement, or adjustment of the transducers.  

Well Name Location ID 

Ratio 
Paired t-

test/Bland-
Altman Plot 

Trend 
Test 

Comparison 1: 
Field vs. Lab 

Comparison 2: 
Transducer vs. 

Field 

Comparison 3: 
Transducer vs. 

Lab 
Cabbage Grove Tower S030424003 X X X X X 
Hampton Tower DOC S050615002 X X X X X 
Levy Co Comm 
Fowlers Bluff Refuge S141305001 X X X X X 
Salem Tower S080907003 X X X X X 
Foley Steinhat S090914003 X   X     
GP6 UFA near S121330002 X   X     
Jonesboro Tower S091011004 X   X     
Lebanon Tower S151719004 X   X     
Rosewood Tower S141429001 X   X     
Three Spot Wayside S141620007 X   X     
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Ratio Paired t-Test and Ratio Plots 

The results of the ratio paired t-test are in Table 1.  The ratio paired t-test was performed by 
conducting a t-test on the log transformed ratios of paired measurements for comparisons 1 through 
3 and constructing a 95% confidence interval around the mean. The results are also presented in 
ratio plots (Figure 1a and Figure 1b). In these plots, the mean ratio is plotted as a circle and the 
vertical lines extended from the circle represent the 95% confidence interval on the estimate of 
mean ratio. If the 95% confidence interval crosses a ratio of 1, corresponding to exactly equal 
measurements, then the mean ratio is not statistically significantly different from 1 at a 95% 
confidence level (i.e., the p-value of the test does not conclude a statistically significant difference).  
The horizonal dashed lines are drawn at 0.95 and 1.05 which represents the expected range in bias 
(i.e., 5% above and below 1). 

Among the six wells with only laboratory and field measurements (Figure 1a), the ratio paired t-
test indicates that the mean ratio of measurements are not statistically significantly different from 
1. In general, the mean ratio and associated 95% confidence are contained within 0.95 and 1.05. 
This indicates the measurements between field and lab methods are, in general, in good agreement 
and within the expected range of bias. 

Among the four wells that also had transducer data (Figure 1b) and method comparison 1 (lab vs. 
field), the results for of the paired t-test indicates a mean ratio of measurements between are not 
statistically significantly different from, except for S030424003 (Cabbage Grove Tower).  For this 
one well, the 95% confidence interval for the mean ratio is slightly above one ranging from 1.001 
to 1.035 and is not practically different from 1. In general, the mean ratio and associated 95% 
confidence intervals touch are contained within 0.95 and 1.05, except for S080907003 (Salem 
Tower). For this one well, the lab measurements include some conductivity values that are 
significantly above any of the field or transducer measurement, which could be indicative of lab 
errors.  However, Among the other three wells, the measurements between field and lab methods 
are, in general, in good agreement and within the expected range of bias. 

For method comparisons 2 and 3 (Figure 1b), or transducer vs. field and transducer vs. laboratory 
comparisons, the mean ratios for two of the four wells (S030424003 [Cabbage Grove Tower] and 
S050615002 [Hampton Tower DOC]) are within the range of 0.95 to 1.05, i.e., expected range of 
5% bias. For these two wells, the mean transducer to field and transducer to lab ratios are not 
significantly different from 1, except for transducer to field at S030424003 (Cabbage Grove 
Tower).  

The results for method comparisons 2 and 3 at the other two wells (S141305001 [Levy Co Comm 
Fowlers Bluff Refuge] and S080907003 [Salem Tower]) show different levels of agreement 
(Figure 1b). At S141305001 (Levy Co Comm Fowlers Bluff Refuge), the mean ratios are slightly 
greater than 1.05 and the 95% confidence intervals on the means include 1.05, so the mean ratios 
are not significantly outside the 0.95 to 1.05 range. This indicates that the mean ratio is not entirely 
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outside the expected range of bias, but there is a slight positive bias for method comparisons 2 and 
3. 

For S080907003 (Salem Tower), the mean transducer to field and lab to field ratios have 95% 
confidence intervals outside the 0.95 to 1.05 range, with mean ratios greater than 1.2 (Figure 1b). 
This indicates a significant positive bias in conductivity measurements with the transducer in this 
well. There may be issues with field sampling procedures, transducer deployment, and/or 
transducer calibration that contribute to this bias. 

Bland-Altman Plots 

The Bland-Altman plot is a method for evaluating the agreement between quantitative 
measurements obtained by two different methods. The plot consists of the mean of paired 
measurements along the x-axis with the percent difference between the measurement calculated in 
a directional manner along the y-axis.  One specific method is always subtracted from the other 
when calculating the difference, which is then divided by the mean of the measurements and 
converted to a percentage. Horizontal lines are plotted at the mean percent difference and at the 
limits of the agreement interval in which 95% of normally distributed, paired measurements would 
be expected to fall. Bland-Altman plots for each of the ten groundwater monitoring wells are 
provided in Figure 2a to Figure 2j and a summary of the Bland-Altman statistics provided in 
Table 2. 

For the six groundwater monitoring wells, with only field and laboratory measurements to 
compare, the mean percent differences were all within the target range or +/- 5% and ranged from 
-1% to 2%, while the limits of agreement within which 95% of normally distributed measurements 
would be expected to fall were generally around the +/- 10% range with lower limits of agreement 
ranged from -6% to -11% and upper limits of agreement ranging from 9% to 13% and 51 of 52 
measurements (96%) falling within +/-10% difference (Figure 2a to Figure 2f). Similar to the 
results of the ratio tests, this indicates good agreement between the lab and field measurements of 
conductivity for these six groundwater monitoring wells. 

For the four wells that also had transducer data, Bland-Altman plots were generated for the three 
method comparisons (Figure 2g to Figure 2j). For groundwater monitoring well S030424003 
(Cabbage Grove Tower), agreement between all three methods of conductivity measurement was 
generally good, with mean percent differences ranging from 2% (transducer vs. lab) to 5% 
(transducer vs. field), lower limits of agreement between -6% and -3%, and upper limits of 
agreement between 8% and 13% (Figure 2g). All the measurements examined were within +/- 
10% difference, including at least 9 measurements for each pair of methods. There is good 
agreement between field-measured, transducer-measured, and laboratory-measured conductivity. 

For groundwater monitoring well S050615002 (Hampton Tower DOC), the mean percent 
differences were within the acceptable range of +/- 5% ranging from -5% to 4%, but there was 
more variability in the measurements with the lower limits of agreement ranging from -26% to -



Mr. McKinney 
April 6, 2022 
Page 5 

 
 

 

21% and the upper limits of agreement ranging from 16% to 29% (Figure 2h). The variability in 
the lab measurements vs. the field measurements was caused by one outlying laboratory 
measurement, which was higher than all the field and transducer measurements, while the 
remaining measurements were within +/- 10%. The comparisons to transducer measurements each 
had at least 3 measurements out of 9 to 10 measurements outside the +/- 10% target range. This 
indicates that agreement is, in general, close to the expected ranges, but there was more variability 
in transducer measurements at this well. 

For groundwater monitoring well S141305001 (Levy Co Comm Fowlers Bluff Refuge), the mean 
percent differences range from 1% (for lab vs. field) to 8% (for transducer vs. field) in Figure 2i. 
The mean percent differences are beyond +/- 5% for comparisons involving the transducer at 6% 
(for transducer vs. lab) and 8%. The limits of agreement are also well beyond +/- 10% for 
transducer vs. field at -3% to 19% with 2 out of 6 measurements beyond 10% difference. This 
suggests that there is a small positive bias to transducer measurements at this well.  

For groundwater monitoring well S080907003 (Salem Tower), the mean percent differences are 
outside the +/- 5% range with lab vs. field at 6%, transducer vs. field at 20%, and transducer vs. 
lab at 22% (Figure 2j). These values indicate that the transducer measurements have a significant 
positive bias and are systematically about 20% higher than field and laboratory measurements. 
There may be problems with field sampling procedures, transducer setup, and/or transducer 
calibration that contribute to this bias. The laboratory data contains one extreme outlier for this 
location with a conductivity above any recorded in field samples or with the transducer and one 
less extreme outlier that contribute to wide limits of agreement between -40% and 51% for this 
location for lab vs. field.  

ANALYSIS FOR TRENDS 

Trends in conductivity at the four locations with transducer data were investigated using data from 
each of the three measurement approaches separately using the Mann-Kendall test for trend and 
by fitting a linear model to the conductivity data. A period of abnormally variable measurements 
due to a transducer malfunction was removed from August to September 2021 for S141305001 
(Levy Co Comm Fowlers Bluff Refuge. This transducer was replaced in September 2021. 

Mann-Kendall Analysis 

The Mann-Kendall test for trend returned the following results for the four locations (Table 1): 

 S030424003 (Cabbage Grove Tower): Stable for field and lab; and increasing for 
transducer measurements. 

 S050615002 (Hampton Tower DOC): Probably decreasing for field; stable for lab; and 
decreasing for transducer measurements. 
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  S141305001 (Levy Co Comm Fowlers Bluff Refuge): Stable for field; no trend for lab; 
and decreasing for transducer measurements. 

 S080907003 (Salem Tower): Decreasing for field and lab; and increasing for transducer 
measurements. 

These results are not consistent for the different measurement methods for each location. This is 
likely because the Mann-Kendall test is not suited to the transducer data, which displays cyclical 
increases and decreases of undetermined origin (Figure 3a to Figure 3d). 

 Linear Trend Lines 

The time series of conductivity measurements by each of the three methods at the four locations 
with properly placed transducer data are plotted in Figure 3a to Figure 3d with the linear 
regression trend lines and 95% confidence intervals plotted. The linear models for conductivity 
over time all have R2 values of 0.34 or less indicating that at most 34% of the variability in 
conductivity is explained by time (Table 3). For continuous transducer data, the maximum R2 is 
0.10. Visual inspection of the data in Figure 3a to Figure 3d does not reveal clear trends in 
conductivity over time. More data is required to observe more cyclical variations in conductivity 
in the transducer data and ascertain whether there is evidence in significant changes in 
conductivity. 

CONCLUSIONS AND RECOMMENDATIONS 

In most cases good agreement was found between laboratory and field measurements of 
conductivity, although there were a few outlying laboratory measurements in poor agreement with 
the field measurements at Hampton Tower DOC (S050615002) and Salem Tower (S080907003). 
Where these substantially different results occur (e.g., >20% difference), a procedure is needed for 
resampling and/or to address these results with the laboratory.  

The agreements of transducer results with field and laboratory measurements of conductivity 
varied between the transducer locations. Good agreement was observed for all measurements at 
Cabbage Grove Tower (S030424003) and this transducer appears to be providing reliable 
conductivity measurements. The transducer at Hampton Tower DOC was in good agreement with 
the laboratory and field measurements on average, although variability was greater than ideal as 
evidenced by wider limits of agreement substantially beyond +/- 10%. At Levy Co Comm Fowlers 
Bluff Refuge (S141305001), a slight positive bias beyond 5% was observed compared to 
laboratory and field measurements. For Salem Tower, the transducer introduced a substantial 
(~20% on average) positive bias in conductivity measurements compared to the laboratory and 
field measurements. This bias at Salem Tower is substantial and could be related to substantially 
different locations for the transducer and pump inlet within the groundwater monitoring well or 
issues with the calibration of the transducer. 
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The transducer data was not well suited to Mann-Kendall analysis or fitting a linear regression due 
to frequent fluctuations to higher and lower conductivity. Therefore, a longer time series of data is 
needed to ascertain if there are overall increasing or decreasing trends. 
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TABLE 1: RESULTS OF RATIO PAIRED T-TESTS
Coastal Salinity Network

SRWMD

Geosyntec Consultants

Location Name Location ID Comparison Ratio Number of 
Paired Samples Average Ratio

95% LCL 
on Mean 

Ratio

95% UCL 
on Mean 

Ratio

Ratio Paired t-
test p-value

Ratio 
Signficantly 

Different 
Than 11

Mean Ratio 
Significantly 

Outside 0.95 to 
1.052

Ratios are 
Lognormally 
Distributed3

Foley Seinhatchee S090914003 Lab to Field 8 1.02 0.98 1.05 0.259 No No Yes
GP6 UFA near Weeks S121330002 Lab to Field 7 1.01 0.97 1.06 0.465 No No Yes

Jonesboro Tower S091011004 Lab to Field 8 1.00 0.96 1.04 0.806 No No Yes
Lebanon Tower S151719004 Lab to Field 15 0.99 0.96 1.02 0.387 No No Yes

Rosewood Tower S141429001 Lab to Field 8 1.02 0.98 1.06 0.197 No No Yes
Three Spot Wayside Park S141620007 Lab to Field 7 1.02 0.97 1.08 0.312 No No Yes

S030424003 Lab to Field 10 1.04 1.00 1.07 0.043 Yes No Yes
S030424003 Transducer to Field 9 1.05 1.02 1.08 0.007 Yes No Yes
S030424003 Transducer to Lab 10 1.02 0.99 1.04 0.113 No No No
S050615002 Lab to Field 14 1.04 0.97 1.12 0.260 No No No
S050615002 Transducer to Field 9 0.97 0.89 1.05 0.382 No No Yes
S050615002 Transducer to Lab 10 0.95 0.88 1.03 0.166 No No Yes
S141305001 Lab to Field 8 1.01 0.97 1.05 0.633 No No Yes
S141305001 Transducer to Field 6 1.08 1.02 1.15 0.020 Yes No Yes
S141305001 Transducer to Lab 7 1.06 1.04 1.08 0.001 Yes No Yes
S080907003 Lab to Field 15 1.06 0.93 1.22 0.356 No No No
S080907003 Transducer to Field 10 1.22 1.17 1.28 0.000 Yes Yes Yes
S080907003 Transducer to Lab 11 1.25 1.16 1.34 0.000 Yes Yes No

Notes:
1. The ratio is signficicantly different from 1 if the p-value of the ratio paired t-test is <=0.05.
2. The mean ratio significantly outside the range from 0.95 to 1.05 is no part of the 95% conficence interval is within that range.
3. The ratios are lognormally distributed if the p-value of the Shapiro-Wilk test on the log transformed ratios is greater than 0.05.
LCL- lower confidence limit
UCL- upper confidence limit

Salem Tower

Levy Co Comm Fowlers 
Bluff Refuge

Hampton Tower DOC

Cabbage Grove Tower
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TABLE 2: RESULTS OF BLAND-ALTMAN ANALYSIS
Coastal Salinity Network

SRWMD

Geosyntec Consultants

Location Name Location ID Comparison Number of 
Paired Samples

Mean Percent 
Difference (%)1

Lower Limit of 
Agreement (%)2

Upper Limit of 
Agreement (%)3

Foley Seinhatchee S090914003 Lab vs. Field 8 2 -6 9
GP6 UFA near Weeks S121330002 Lab vs. Field 7 1 -8 11

Jonesboro Tower S091011004 Lab vs. Field 8 0 -10 9
Lebanon Tower S151719004 Lab vs. Field 15 -1 -11 9

Rosewood Tower S141429001 Lab vs. Field 8 2 -7 11
Three Spot Wayside Park S141620007 Lab vs. Field 7 2 -9 13

Cabbage Grove Tower S030424003 Lab vs. Field 10 3 -6 13
Cabbage Grove Tower S030424003 Transducer vs. Field 9 5 -3 13
Cabbage Grove Tower S030424003 Transducer vs. Lab 10 2 -4 8
Hampton Tower DOC S050615002 Lab vs. Field 14 4 -21 29
Hampton Tower DOC S050615002 Transducer vs. Field 9 -3 -25 18
Hampton Tower DOC S050615002 Transducer vs. Lab 10 -5 -26 16

Levy Co Comm Fowlers Bluff Refuge S141305001 Lab vs. Field 8 1 -8 10
Levy Co Comm Fowlers Bluff Refuge S141305001 Transducer vs. Field 6 8 -3 19
Levy Co Comm Fowlers Bluff Refuge S141305001 Transducer vs. Lab 7 6 1 10

Salem Tower S080907003 Lab vs. Field 15 6 -40 51
Salem Tower S080907003 Transducer vs. Field 10 20 8 32
Salem Tower S080907003 Transducer vs. Lab 11 22 1 43

Notes:
1. Percent differences is calculated as the measurement with the method listed first in the comparison minus the measurement by the method listed second,

divided by the average of the two. Therefore, positive percent difference indicates that the measurement by the method listed first was greater.
2. The lower limit of agreement is the mean percent difference minus 1.96 times the standard deviation of percent differences.
3. The upper limit of agreement is the mean percent difference plus 1.96 times the standard deviation of percent differences.
4. The limits of agreement are the bounds within which 95% of normally distributed percent differences would be expected to fall.
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TABLE 3: RESULTS OF TREND ANALYSES
Coastal Salinity Network

SRWMD

Geosyntec Consultants

Well Name Location ID Measurement 
Method

Number of 
Measurements

Change in 
Conductivity 
(µS/cm∙year)

Change in 
Conductivity 

Standard Error  
(µS/cm∙year)

Slope     
p-value R2

Linear 
Model 

Significant1

Mann-Kendall 
(S)

Mann-Kendall  
p-value

Confidence 
in Trend Mann-Kendall Trend2

Cabbage Grove Tower S030424003 Field 10 -0.7 6.0 0.905 0.002 No -1 0.500 0.500 Stable

Cabbage Grove Tower S030424003 Lab 11 -4.1 5.6 0.483 0.056 No -8 0.292 0.708 Stable

Cabbage Grove Tower S030424003 Transducer 24,335 9.4 0.3 0.000 0.047 No 39990632 0.000 1.000 Increasing

Hampton Tower DOC S050615002 Field 14 -5.8 3.1 0.086 0.225 No -28 0.069 0.931 Probably Decreasing

Hampton Tower DOC S050615002 Lab 68 0.04 1.52 0.979 0.000 No -49 0.400 0.600 Stable

Hampton Tower DOC S050615002 Transducer 24,372 -18.2 0.3 0.000 0.104 No -80877488 0.000 1.000 Decreasing

Levy Co Comm Fowlers 
Bluff Refuge S141305001 Field 8 -8 12 0.531 0.069 No -2 0.452 0.548 Stable

Levy Co Comm Fowlers 
Bluff Refuge S141305001 Lab 9 1.1 7.4 0.891 0.003 No 3 (0.381, 0.46) (0.54, 

0.619) No Trend

Levy Co Comm Fowlers 
Bluff Refuge S141305001 Transducer 15,782 -9.8 0.4 0.000 0.038 No -13619931 0.000 1.000 Decreasing

Salem Tower S080907003 Field 15 -6.3 2.4 0.023 0.339 No -40 0.027 0.973 Decreasing

Salem Tower S080907003 Lab 58 -1.2 1.7 0.502 0.008 No -423 0.002 0.998 Decreasing

Salem Tower S080907003 Transducer 23,493 5.1 0.3 0.000 0.015 No 12832656 0.000 1.000 Increasing

Notes: 
1. The linear model is considered to be significant in the p value is less than 0.05 and the r squared is greater than 0.5.
2. The Mann-Kendall trend is chosen based on the following decision matrix, where the COV is the coefficient of variation, which is the ratio of the sample standard deviation to the sample mean:

Mann-Kendall Statistic 
(S)

Confidence in 
Trend

Concentration 
Trend

S>0 >95% Increasing

S>0 90% - 95% Probably 
Increasing

S>0 <90% No Trend

S≤0 <90% and 
COV≥1 No Trend

S≤0 <90% and 
COV<1 Stable

S<0 90% - 95% Probably 
Decreasing

S<0 95% Decreasing

Linear Regression Mann-Kendall Test

AT223739 April 2022
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Plot of Average Ratio of Laboratory Measurements to 
Field Measurements

Figure

1a
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Dot represents the average ratio of laboratory conductivity to field    conductivity in
paired measurements of water from the same date and time.
2. Vertical lines around the dots represent the 95% confidence interval around the mean
ratio of conductivity measurements constructed using a lognormal distribution.
3. Dashed lines at ratios of 0.95 and 1.05 represent the target 5% range for acceptable bias
in conductivity results based on the interlaboratory study in EPA method 120.1.
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Plot of Average Ratio of Three Conductivity 
Measurement Methods

Figure

1b
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Dot represents the average ratio of paired conductivity measurements of water from the
same date and time.
2. Vertical lines around points represent the 95% confidence interval around the mean ratio
of conductivity measurements constructed using a lognormal distribution.
3. Average conductivity from two bracketing hourly readings is used to the transducer
conductivity, excluding extreme outliers.
4. Dashed lines at ratios of 0.95 and 1.05 represent the target 5% range for acceptable bias in
conductivity results based on the interlaboratory study in EPA method 120.1.
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Bland-Altman Plot of Laboratory and Field Conductivity 
Measurements at S090914003 (Foley Seinhatchee)

Figure

2a
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Percent difference is calucluated as the laboratory measurement minus the
field measurement divided by the average of the two.
2. Limits of agreement represent the bounds within which 95% of normally
distributed percent differences would be expected to fall.

µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Laboratory and Field Conductivity 
Measurements at S121330002 (GP6 UFA near Weeks)

Figure

2b
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Percent difference is calucluated as the laboratory measurement minus the
field measurement divided by the average of the two.
2. Limits of agreement represent the bounds within which 95% of normally
distributed percent differences would be expected to fall.

µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Laboratory and Field Conductivity 
Measurements at S091011004 (Jonesboro Tower)

Figure

2c
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Percent difference is calucluated as the laboratory measurement minus the
field measurement divided by the average of the two.
2. Limits of agreement represent the bounds within which 95% of normally
distributed percent differences would be expected to fall.

µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Laboratory and Field Conductivity 
Measurements at S151719004 (Lebanon Tower)

Figure

2d
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Percent difference is calucluated as the laboratory measurement minus the
field measurement divided by the average of the two.
2. Limits of agreement represent the bounds within which 95% of normally
distributed percent differences would be expected to fall.

µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Laboratory and Field Conductivity 
Measurements at S141429001 (Rosewood Tower)

Figure

2e
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Percent difference is calucluated as the laboratory measurement minus the
field measurement divided by the average of the two.
2. Limits of agreement represent the bounds within which 95% of normally
distributed percent differences would be expected to fall.

µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Laboratory and Field Conductivity 
Measurements at S141620007 (Three Spot Wayside 

Park)

Figure

2f
Tampa, FL April 2022

Please, do not edit row height or column width.

Please, do not insert rows or columns.

Instead, merge cells to add notes or whatever task it is that 
makes you want to do the above.

Thank you.

Notes:
1. Percent difference is calucluated as the laboratory measurement minus the
field measurement divided by the average of the two.
2. Limits of agreement represent the bounds within which 95% of normally
distributed percent differences would be expected to fall.

µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Conductivity Measurements at 
S030424003 (Cabbage Grove Tower)

Figure

2g
Tampa, FL April 2022

Notes:
1. Percent difference is calucluated as the first
measurement type listed minus the second
measurement type listed divided by the average of
the two.
2. Limits of agreement represent the bounds within
which 95% of normally distributed percent 
differences would be expected to fall.
µS/cm ‐ micro‐Siemens per centimeter
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Bland-Altman Plot of Conductivity Measurements at 
S050615002 (Hampton Tower DOC)

Figure

2h
Tampa, FL April 2022

Notes:
1. Percent difference is calucluated as the first
measurement type listed minus the second
measurement type listed divided by the average of
the two.
2. Limits of agreement represent the bounds within
which 95% of normally distributed percent 
differences would be expected to fall.
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Bland-Altman Plot of Conductivity Measurements at 
S141305001 (Levy Co Comm Fowlers Bluff Refuge)

Figure

2i
Tampa, FL April 2022

Notes:
1. Percent difference is calucluated as the first
measurement type listed minus the second
measurement type listed divided by the average of
the two.
2. Limits of agreement represent the bounds within
which 95% of normally distributed percent
differences would be expected to fall.
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Bland-Altman Plot of Conductivity Measurements at 
S080907003 (Salem Tower)

Figure

2j
Tampa, FL April 2022

Notes:
1. Percent difference is calucluated as the first
measurement type listed minus the second
measurement type listed divided by the average of
the two.
2. Limits of agreement represent the bounds within
which 95% of normally distributed percent
differences would be expected to fall.
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Time Series of Conductivity Measurements at 
S030424003 (Cabbage Grove Tower)

Figure

3a
Tampa, FL April 2022

Notes:
1. Lines represent linear fits to the data and
shaded areas are 95% confidence intervals.

µS/cm ‐ micro‐Siemens per centimeter
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Time Series of Conductivity Measurements at 
S050615002 (Hampton Tower DOC)

Figure

3b
Tampa, FL April 2022

Notes:
1. Lines represent linear fits to the data and
shaded areas are 95% confidence intervals.

µS/cm ‐ micro‐Siemens per centimeter
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Time Series of Conductivity Measurements at 
S141305001 (Levy Co Comm Fowlers Bluff Refuge)

Figure

3c
Tampa, FL April 2022

Notes:
1. Lines represent linear fits to the data and
shaded areas are 95% confidence intervals.

µS/cm ‐ micro‐Siemens per centimeter
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Time Series of Conductivity Measurements at 
S080907003 (Salem Tower)

Figure

3d
Tampa, FL April 2022

Notes:
1. Lines represent linear fits to the data and
shaded areas are 95% confidence intervals.

µS/cm ‐ micro‐Siemens per centimeter
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