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Abstract 

Estimation of Groundwater Loads into a Coastal Estuary Using SEAWAT 

By 

Antonio S. Berber Jr. 

Major Advisor: Ashok Pandit, Ph. D., P.E. 

The research of regional groundwater flow is of vital importance at the Indian 

River Lagoon (IRL) due to the potential contribution groundwater flow has on 

nutrients into the IRL. If too many nutrients are introduced into the IRL, algal 

blooms could occur and impact the health of IRL system. The IRL is a coastal 

estuary located on the east coast of Florida. Submarine groundwater seepages 

(SGD) and groundwater loads into the IRL were numerically estimated by using 

SEAWAT, a program designed to simulate variable-density groundwater flow 

coupled with multi-species solute transport. Models were completed at three 

different study transects that were set in the longitudinal direction, perpendicular to 

the estuary coastline. The modeling domain for each transect extended from the 

water table divide on the mainland to either the neighboring barrier island or to the 

Atlantic Ocean depending on the transect location. Groundwater seepages along 

with groundwater loads were determined after calibrating the models by comparing 

measured and predicted freshwater hydraulic head distributions in the unconfined 

aquifer. Three statistical analysis tests were performed in order to further validate 

the model calibrations, the root mean square error (RMSE), the two-sided test, and 

the Nash-Sutcliffe efficiency (NSE) index. A new approach was used for the 
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statistical analysis of calibrated models where additional points from the measured 

equipotential head distributions were added to the statistical analysis in order to 

improve calibration results. The leakage from the Floridian Aquifer into the 

unconfined aquifer of the IRL, via the Hawthorn Formation, was estimated at 

different sites. A slug test was conducted at a study site in order to compare the 

measured lateral hydraulic conductivity (Kx) values to the previously calibrated 

model.  

This research presents the following results: a) introduces new statistical analysis 

methods, b) shows the impact of recharge on the SGD, groundwater loads, and 

direction of flow to the IRL through the unconfined aquifer, c) compares the slug 

test variable Kx value to the previous Kx and d) estimates the salinity distribution in 

the unconfined aquifer.  
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Chapter 1 

Introduction 

Background  

Indian River Lagoon Description  

The Indian River Lagoon (IRL) is located in the eastern coast of Florida and is 

protected from the Atlantic Ocean by a chain of barrier islands shown in Figure 1. 

The IRL extends approximately 251 km that varies in width between 0.8-8.0 km, 

and water depth varies from 1-3 m. The IRL is hydraulically connected on the north 

and south ends to the ocean by two natural inlets known as Ponce de Leon Inlet and 

the Jupiter Inlet. In between, it is connected to the ocean at three man-made inlets, 

the Sebastian Inlet, Ft. Pierce Inlet, and St. Lucie Inlet, which can be seen in Figure 

1. These three inlets help subdivide the IRL into three segments: the northern 

segment, which extends from highway 192 to Ponce de Leon Inlet; the central 

segment, between Highway 192 and Ft. Pierce Inlet; and the southern segment, 

between the Ft. Pierce and St. Lucie Inlets (Smith, 1990). The IRL is also 

comprised of three distinct water bodies referred to as Mosquito Lagoon, Banana 

River, and the Indian River. These water bodies are located in the northern segment 

of the IRL and are shown in Figure 1.  
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Figure 1: Indian River Lagoon (IRL) system 
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The IRL system receives inputs of salt water from the ocean through the inlets 

mentioned above (Figure 1) and freshwater from direct precipitation, groundwater 

seepage, surface runoff, as well as discharges from creeks and streams and 

wastewater treatment plants Sigua et al. (1998). At the inlet locations salt water 

from the Atlantic Ocean comes into the IRL due to wind direction more than by the 

movement of tide and does not flow from headwaters to a mouth like a river. This 

makes the water in the IRL brackish and its salinity can vary between 0.5 to 30 

parts per thousand. Because the sea water enters the IRL at the inlets, the salinity is 

highest at those locations and decreases further from the inlets. 

Importance of Nutrient Loads into IRL 

The entire IRL system is a nationally renowned aquatic ecosystem that supports 

tremendous biodiversity and also provides recreational and commercial fishing 

resources (Gao, 2009). The IRL also provides a large economic impact for the state 

of Florida due to both the eco-tourism and aquaculture. Hazan and Swayer (2008) 

estimated that overall in 2007, the IRL provided the neighboring counties 

approximately $3.7 billion in benefits. However, over the years the IRL has 

experienced several algae blooms, which have resulted in reduced seagrass cover 

and diminishing fisheries. This is a result of the IRL watershed being modified by 

urban and agricultural development, and the associated land-use changes have had 

significant impacts on the IRL water quality. The water quality in the IRL is 

affected by the significant amounts of pollutants from on-site disposal areas, 

agricultural areas, urban areas, leaking sewers, and industrial wastes that may enter 

the IRL Pandit et al. (2011). These pollutants are referred to as nutrients. 

Sources of Nutrients into the IRL 

A study conducted by Tetra Tech (2016) categorized the sources of nutrients into 

two groups. The first group is referred to as external sources and the second group 
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are internal sources. Tetra Tech (2016) listed the four major external sources for 

nutrients: 

1. Stormwater runoff generated by rainfall on impervious areas associated 

with urban development. The urban runoff picks up and transports nutrient 

loads from fertilizers, pet waste, and other pollutants such as sediments, 

pesticides, oil, and grease.  

2. Septic system contribute nutrients into the baseflow, which then goes into 

the IRL. This occurs due to the sandy soils in the basin, which help 

nutrients soak quickly into the groundwater with little removal. The 

groundwater can then recharge surface water in ditches, canals, tributaries, 

or in the IRL.  

3. Atmospheric deposition that falls on both the land and lagoon itself. The 

source of these nutrients come from power plants, cars, and other sources 

that burn fossil fuels.  

4. Point sources that treat collected sewage and discharge treated effluent. The 

direct discharge to the lagoon from wastewater treatment facilities have 

been largely removed, and the majority of facilities in the basin use the 

treated effluent for reclaimed water irrigation. However, depending on the 

level of treatment at the wastewater treatment facility, the reclaimed water 

can have an excess concentration of nutrients that may contribute loading to 

the baseflow.  

Tetra Tech (2016) explain that nutrients are also provided into the lagoon through 

an internal source referred to as muck. Muck as defined by Trefry et al. (1990) is a 

black, fine-grained sediment with a water content greater than 50%, containing at 
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least 10% of organic matter, and the solid particles are comprised of at least 60% 

silt and clay (aluminosilicates). Trefry et al. (1990) also noted that overall the entire 

IRL is covered with less than 10% of muck but that muck was more prominent in 

the central parts of the IRL near developed areas such as Brevard County. Tetra 

Tech (2016) suggest that as the organic materials in muck decays, they constantly 

flux nutrients into the water column above, where they potentially add to the 

surplus of nutrients coming from the external sources.   

Table 1 shows a summary of the total nitrogen (TN) and total phosphorus (TP) 

loads reported by Tetra Tech (2016) in the Banana River Lagoon and Northern IRL 

using their four external source categories and the one internal source.  

Table 1: Loading from Different Sources in the Banana River Lagoon and 

Northern Indian River Lagoon  

Source 

Banana River Lagoon  

(with canals) 
Northern IRL 

TN (lbs/yr) TP (lbs/yr) TN (lbs/yr) TP (lbs/yr) 

Stormwater Runoff 1119923 15064 328047 45423 

Septic Systems 164225 22613 344112 47383 

Atmospheric Deposition 175388 3222 301977 5505 

Point Sources 17484 3370 14711 1029 

Muck Flux 452000 68400 660000 99000 

Regional Groundwater 7677 724 114810 13252 

 
Note:  

Muck flux values were calculated with two significant figures  

Source: Tetra Tech (2016), Table 3 

 

 

The stormwater runoff and septic system loads were estimated from the Spatial 

Watershed Iterative Loading model developed by Brevard County and several 

consultants (Tetra Tech, 2016). Tetra Tech (2016) determined the point source load 
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estimates based on wastewater treatment facility monthly operating reports and 

discharge monitoring reports. The atmospheric deposition loads were determined 

from measured data at nearby locations (Tetra Tech, 2016). Tetra Tech (2016) 

determined the muck flux load estimates based on the muck area in each portion of 

the lagoon and flux estimates from studies in the lagoon. For more detailed 

information on the muck flux estimates review Section 4.2.1 of the Save Our 

Lagoon Project Plan in Tetra Tech (2016).  

An important external source of nutrient loads not mentioned in Tetra Tech (2016) 

but is shown in Table 1 are nutrient loads due to regional groundwater flow. 

Regional groundwater loads at the IRL occur due to regional freshwater flow from 

both the Mainland and Barrier Island discharging into the IRL through the surficial 

aquifer as shown in Figure 2. Figure 2 shows a typical cross sectional view of the 

IRL. The depth of the IRL varies from 1-3 m and the water found in the lagoon was 

brackish. The IRL is underlain by an unconfined aquifer or surficial aquifer. The 

surficial aquifer ranges from 36-40 m. Figure 2 also shows the regional 

groundwater flow from both the Mainland and Barrier Island going into the 

unconfined aquifer. Then from the unconfined aquifer the regional groundwater 

flow goes up into the IRL shown in Figure 2. Smith (1990) explains that the 

landward side of the lagoon receives this freshwater from natural creeks and rivers, 

from groundwater discharge, and from a series of man-made drainage canals. The 

regional groundwater flow coming into the IRL also causes the salt water from the 

lagoon to come down into the unconfined aquifer, which then results in an unstable 

condition. Under unstable conditions where the fluid of greater density (brackish 

water) over lies the lighter fluid (freshwater) mixing may occur in which the more 

dense fluid displaces the less dense fluid in a process referred to as free convection 

Wood et al (2004).  Under these conditions involving solutes, this stratification 

may lead to the development of gravitation instabilities, fingers or plumes 
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associated with free convection and can then cause solute transport Xie et al. 

(2011).  

Beneath the surficial aquifer, many layers of relatively impervious marl and clay 

are found and are collectively known as the Hawthorn Formation Brown et al. 

(1962). These layers serve as confining beds to the water in the underlying artesian 

aquifer and can range from 52-55 m. The Hawthorn Formation is considered to be 

an impermeable layer that does not allow any recharge to come into the unconfined 

aquifer. However, it is likely that the Floridian Aquifer found beneath the 

Hawthorn Formation may be providing some recharge to the unconfined aquifer via 

the Hawthorn Formation. This recharge provided from the Floridian Aquifer to the 

unconfined aquifer may also contribute some groundwater loads into the IRL.  

 

Figure 2: Regional groundwater flow into IRL 
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Possible Recharge via Hawthorn Formation  

In the studies conducted by Pandit et al. 2009, Pandit et al. (2010), Ali (2011) 

Pandit et al. (2015) and Pandit et al. (2016), there was a common assumption that 

the Hawthorn Formation was an impermeable boundary. This assumption was 

made due to the many layers of relatively impervious marl and clay that form the 

Hawthorn Formation being located directly below the surficial aquifer Brown et al. 

(1962). However, this assumption may not be entirely true as some studies have 

indicated that there may be recharge coming from the Floridian Aquifer via the 

Hawthorn Formation.  

The St Johns River Water Management District (SJRWMD) provided the research 

with different figures containing data that could potentially reveal recharge coming 

into the unconfined aquifer via the Hawthorn Formation. The figures were created 

by using Geographic Information System or GIS. These figures contained 

information regarding the Floridian aquifer potentiometric elevation, top of 

Hawthorn Formation elevations at each study site, the thickness of Hawthorn 

Formation at each study site, nearby well locations to the study sites with 

permeability values, and chloride concentrations in the Floridian Aquifer at each 

study site. From this data, it was then possible to determine two different (a 

minimum and maximum) groundwater recharge estimations going into the 

unconfined aquifer from the Floridian Aquifer via the Hawthorn Formation. 

Methodology of Estimation of Groundwater Loads  

Transect Description  

Regional groundwater loads have been determined by many researchers such as 

Pandit et al. (2009), Ali (2011), and Pandit et al. (2016). These three studies 

estimated the nutrient loads in the Banana River Lagoon and the Northern IRL 

through the use of study sites located in the lagoon and numerical models. Pandit et 
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al. (2016) combined the results obtained at the study sites in Pandit et al. (2009) 

and Ali (2011) with his results in order to determine the groundwater loads shown 

in Table 1. Pandit et al. (2009) and Ali (2011) had the Titusville transect shown in 

Figure 3. Pandit et al. (2016) had four study sites known as the Banana River, Eau 

Gallie, Mims, and River Walk transects shown in Figure 3. The study transects in 

both studies were set in the longitudinal direction and perpendicular to the estuary 

coastline. The Eau Gallie, Mims, River Walk, and Titusville transects were located 

in the Northern IRL shown in the red zone in Figure 3. The Banana River transect 

was located in the Banana River Lagoon shown in the green zone in Figure 3.  

This research used three of the Pandit et al. (2016) study sites, which were the 

Banana River, Eau Gallie, and River Walk transects. The Banana River transect is 

located in the Banana River and extends from barrier island to the Atlantic Ocean. 

The Eau Gallie transect is the only transect to go from the mainland to the Atlantic 

Ocean. The River Walk transect extends from the mainland to the barrier island in 

this case Merritt Island. These three transects were the focal points for this study 

and used for comparisons with the new research data. 
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Figure 3: Study site locations in North Indian River Lagoon and Banana River 

Lagoon 
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Application of Numerical Analysis to Estimate Groundwater Loads  

Pandit et al. (2016) completed a numerical analysis at each transect in order to 

estimate groundwater seepages and determine groundwater loads. The numerical 

analysis was done by using SEAWAT. Langevin (2009) describes SEAWAT as a 

MODFLOW-based computer program designed to simulate variable-density 

groundwater flow coupled with multi-species solute transport. This means that 

SEAWAT is a coupled model that combines both the flow and transport equations. 

This is done by combining two well-established groundwater programs, 

MODFLOW and MT3DMS, into a single program that simulates variable-density 

groundwater flow and transport (Langevin 2009). SEAWAT has been used in a 

variety of groundwater studies including saltwater intrusion in coastal aquifers as 

well as estimating fresh groundwater discharges into estuaries (Langevin 2009). 

This makes SEAWAT an adequate model choice for modeling saline environments, 

which is the type of field conditions that is experienced in the IRL.  

SEAWAT was used to calibrate and validate each transect used in Pandit et al. 

(2016) and the three transects of Banana River, Eau Gallie, and River Walk used in 

this research. Pandit et al. (2016) also conducted a sensitivity analysis, which was 

important in the calibration process of the numerical models as it revealed the 

vertical hydraulic conductivity, Kv, being the key parameter in order to properly 

calibrate the SEAWAT models. Figure 4 shows the sensitivity analysis completed 

by Pandit et al. (2016) for the Eau Gallie transect. For more information regarding 

the sensitivity analysis and to view the sensitivity analysis for the Banana River and 

River Walk transects review the 2016 Final Report completed by Pandit et al. 

(2016).   
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Figure 4: Comparison of Model Predicted (SEAWAT) and Measured 

Equipotential Lines at the Eau Gallie Transect on June 2014: (a) Kv =2.0 m/day; 

(b) Kv = 0.2 m/day; (c) Kv = 0.02 m/day; (d) Kv = 0.002 m/day; (e) Kv = Calibrated 

Model with a predominant value of Kv = 0.02 m/day; (f) Measured Equipotential 

Lines; Equipotential Lines were Constructed with the Top of Hawthorn 

Formation (-40 m NGVD29) as the Datum (GMS)  
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Pandit et al. (2016) shows the calibration process for each transect and Pandit et al. 

(2011) goes over the details of calibrating and validating each model. Once the 

numerical models were calibrated, the models were then used to estimate 

groundwater seepages, which were then used to determine the total groundwater 

loads at each transect. However, before SEAWAT could be used, there were 

necessary boundary conditions that needed to be determined. Some of the required 

boundary conditions for each transect model consisted of: the groundwater table 

divide locations, both groundwater and lagoon salinities, piezometric head 

measurements, and lateral hydraulic conductivity, Kx, values. Pandit et al. (2016) 

determined these boundary conditions through the use of monitoring well stations 

located at each study site.   

Monitoring Well Locations  

At each Pandit et al. (2016) study transect, there were monitoring wells or 

piezometers installed in the mainland, lagoon, and barrier island at each study site. 

Figures 5 shows the monitoring well locations for the Eau Gallie transect. The 

monitoring well locations for the other study sites of Banana River and River Walk 

were similar to what is shown in Figure 5 for the Eau Gallie transect and are shown 

in Pandit et al. (2015). Pandit et al. (2015) also shows the coordinate data for the 

location of the piezometers that are on the mainland, shore, and lagoon for each of 

the study sties. 
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Figure 5: Eau Gallie Transect monitoring well locations 

 

The wells located in the mainland are referred to as mainland piezometers, while 

the ones located on the shores are known as shore piezometers Pandit et al. (2015). 

These piezometers are shown in yellow in Figure 5. The mainland piezometers 

were used to find the water table divides at each study site. This was done by 

observing the equipotential lines at each transect location, which were constructed 

by viewing the water table elevations of the mainland piezometers and are shown in 

Pandit et al. (2015). These equipotential lines were necessary for modeling 

purposes as they were used to determine one of the boundary conditions.  

The piezometers in the lagoon are referred to as lagoon piezometers and are shown 

in red in Figure 5. The lagoon piezometers were uniformly located below the IRL. 

The individual lagoon piezometers are named MW1, MW2, MW3, MW4, and 

MW5 Pandit et al. (2015). The lagoon piezometers along with the shore 
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piezometers were used to determine piezometric head measurements and then 

converted to equivalent freshwater hydraulic head contours. This was completed by 

also measuring groundwater salinity at each monitoring well location. The 

freshwater hydraulic head contours were then created by using the Inverse Distance 

Weighted interpolation method with Gradient Plane nodal function Pandit et al. 

(2015). The lagoon piezometers also helped to determine the direction of 

groundwater flow at each site as well as being used to perform water quality 

analysis. Water quality samples were taken using the same process discussed in 

Pandit et al. (2009) in which the United States Environmental Protection Agency 

(USEPA) procedures were used. The water quality samples were taken from three 

shallow piezometers, which are the two shore piezometers and the piezometer 

located in the middle of the lagoon Pandit et al. (2016). The water quality analysis 

was used to measure total nitrogen and total phosphorus loads. Lastly, the lagoon 

piezometers were also used to measure the salinity at each location and an average 

value was used to determine the overall lagoon salinity as well as the average 

normalized salinity with respect to ocean water salinity (36,000 mg/l) Pandit et al. 

(2015). These salinity values were used as boundary conditions for modeling 

purposes.  

Lateral Hydraulic Conductivity Values  

The numerical models done by Pandit et al. (2016) all used a single lateral 

hydraulic conductivity, Kx, value determined in Pandit et al. (2015). The lagoon 

piezometers were used to estimate the lateral hydraulic conductivity, Kx, values. 

Pandit et al. (2015) explains that the Kx values were determined from a laboratory 

analyses in which 23 samples were obtained from the shallow wells at each transect 

and were analyzed in the laboratory to determine the Kx values using Hazen’s 

equation. 
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In order to determine if the Kx value used in the numerical models completed by 

Pandit et al. (2016) were adequate, a slug test was conducted at on one of the five 

study transects used by Pandit et al. (2016). The Eau Gallie transect was the 

selected study site. The version of the slug test completed was the rising head test. 

In a rising head test, there is a volume or slug of water that is suddenly removed or 

pumped out and then the rate of rise of the water level in the well is measured. 

From the rate of recovery, it was then possible to estimate the Kx value at different 

monitoring well locations.  

The slug test was conducted at each shore and lagoon monitoring well located in 

the Eau Gallie transect. However, due to either some of the wells being clogged or 

unable to find the wells in the lagoon, the slug test could not be completed at each 

well location. The determined Kx values from the slug test were applied to the Eau 

Gallie SEAWAT model and compared to the single Kx value model. 

Improvement of Statistical Analysis Results for Calibrated Models  

Previous calibrated models used a visual comparison to begin the calibration 

process of each transect model and when a satisfactory visual comparison was 

found then a statistical analysis was performed. Pandit et al. (2011) used three 

different statistical analysis methods: the root mean square error (RMSE) Neter and 

Wasserman (1973), the standard two-sided test (Lapin, 1983), and the Nash-

Sutcliffe efficiency (NSE) index Moriasi et al. (2007). The study focused on the 

comparison between the field measured freshwater hydraulic head distributions and 

the model predicted hydraulic head distributions. This comparison was referred to 

as the differential head (dh) comparison. 

This research looks to utilize the same dh comparison and statistical analysis 

methods used by Pandit et al. (2011) but in a slightly different manner. In Pandit et 

al. (2011), the study used a total of 14 data points. These 14 data points came from 
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the 14 monitoring wells located at each transect. For example, when viewing the 

bed profile of the Eau Gallie transect shown in Figure 6, previous studies would 

only use the monitoring wells located in the lagoon to determine the statistical 

analysis results.  

 

Figure 6: Bed Profile and Monitoring Well Depths of the Eau Gallie Transect 

This study hypothesized that if more data points could be added to the statistical 

analysis, the statistical analysis values would improve and so would the overall 

calibration of each transect model. However, it was impractical to go out to each 

transect and add more monitoring wells to get additional data points. As a result, 

the idea of adding more points to the statistical analysis seemed unlikely. Then 

there was the thought of using the already determined field measured freshwater 

hydraulic head distributions. The field measured freshwater hydraulic head 

contours were determined using an Inverse Weighted Distance interpolation. By 

using the already constructed field measured hydraulic head contours, it was 

determined that it was then possible to set up a new grid that enabled the study to 
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add up to 24 additional points to compare in the statistical analysis. The new data 

points were then added to the three study sites of Banana River, Eau Gallie and 

River Walk. The models for each transect were then recalibrated. Because each 

transect now had additional data points, the study was able to remove any outliers 

from the models that negatively impacted the statistical analysis and calibration. 

Thus, helping improve the overall statistical analysis results while at the same time 

improving calibration results. 

In addition to the statistical analysis being done using the dh comparison, this 

research looked to add a new comparison. This new comparison was the difference 

in head between the shallow and deep monitoring wells over the difference in 

length between the two wells. This was known as the dh/dl method. This method 

allowed for a slightly stricter way of comparing the model results to the field 

measured values as it not only relies on having accurate hydraulic head values but 

also accurate spacing between hydraulic head contours. This meant that the study 

would essentially look to match the hydraulic gradients between the field measured 

hydraulic head contours and the model predicted hydraulic head contours. 

Saltwater Intrusion  

Estuaries are large sources of saltwater and can cause saltwater intrusion similar to 

the saltwater intrusion caused by the ocean in adjoining aquifers (Ali, 2011). Few 

studies (Pandit 1997, Langevin et al. 2005, and Fujinawa et al. 2008) have 

attempted to quantify the salt movement from an estuary to the subsurface system. 

Pandit (1997) estimated the steady state salinity distribution below the IRL using a 

two-dimensional, coupled, finite element model in the vertical plane. The model 

results showed that there was a significant possibility of massive saltwater intrusion 

from the IRL into the underlying aquifer Ali (2011). However, due to insufficient 

field data, Pandit (1997) could not calibrate the model. This was a common 
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occurrence as the studies conducted by Pandit (1997), Langevin et al. (2005), and 

Fujinawa et al. (2008) either had no data available or there were no groundwater 

salinity data available below the estuary itself where the groundwater salinity was 

being predicted for the model calibration.  

This study used SEAWAT to model the three transects of Banana River, Eau 

Gallie, and River Walk. Because SEAWAT was used to model these study sties, it 

was possible to determine the salinity distributions at each site. The model 

predicted salinity distributions were determined at each transect once the transect 

model was determined to be calibrated.  

Objectives  

There are four main objectives for this research.  

1. Estimate recharge rates coming from the Floridian Aquifer via the 

Hawthorn Formation into the unconfined aquifer. Recharge rates were 

estimated for the five transect locations of Banana River, Eau Gallie, Mims, 

Mosquito Lagoon, and River Walk with the data provided by the SJRWMD.  

2. Conduct a slug test at the Eau Gallie transect. The horizontal conductivity 

values determined at each of the monitoring wells were used to create a new 

SEAWAT model. This new Eau Gallie slug test model was then compared 

to the single Kx value Eau Gallie model.  

3. Use an improved statistical analysis method of the dh and dh/dl comparison 

along with using additional points from field measured data to improve the 

previously calibrated SEAWAT models for the Banana River, Eau Gallie, 

and River Walk transects. This was referred to as the modified calibrations. 

Once the models are recalibrated, new groundwater seepages and total 
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nutrient loads were estimated as well as new model predicted flow 

directions. These new groundwater seepages, total nutrient loads, and 

directions of flow would then be compared between the original model 

calibrations and the modified model calibrations. In addition, the same 

comparison between the modified calibration with no recharge and the 

recharge added models were completed for each of the three transects.  

4. Compare the model predicted salinity distributions for the three transects of 

Banana River, Eau Gallie, and River Walk for both the no recharge and 

recharge cases  



21 

 

 

Chapter 2 

Recharge Rate Calculations 

As mentioned in Chapter 1 under the Possible Recharge via Hawthorn Formation 

section, the SJRWMD provided the study with 13 GIS figures shown in Appendix 

A. These figures were used to estimate a minimum (Qmin) and a maximum (Qmax) 

recharge value for each transect shown in Pandit et al. (2016) by using Darcy’s 

equation. 

𝑄 = 𝐾𝐴
∆ℎ

∆𝑧
                             (1) 

where Q is the recharge rate per meter length of the shore line and per meter width 

of the transect, K is the hydraulic conductivity value in the Hawthorn Formation, A 

is the area of cross section (m2), Δh is the height in meters of the potentiometric 

surface in the confined Floridian aquifer or the difference between the 

potentiometric surface in the Floridian aquifer and the water table elevation in the 

unconfined aquifer, and Δz is the thickness of the Hawthorn Formation in meters.  

The hydraulic conductivity values used for Darcy’s equation were found using 

primarily two wells BR2148 located in the city of Titusville and BR2125 located in 

the Lori Wilson Park in Cocoa Beach shown in Figure A1. These wells had 

different hydraulic conductivity values at different depths and are shown in Table 

2. In Table 2 the elevation of the top of Hawthorn Formation and the thickness of 

the Hawthorn Formation at the well locations are also shown. The bottom elevation 

of the Hawthorn Formation at the well locations was determined by adding the two 
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values of top of Hawthorn Elevation and thickness of Hawthorn Formation at the 

well locations. Because the depths of the hydraulic conductivity values were 

obtained using BR2148 are greater than that of the bottom of the Hawthorn 

Formation, these values show the permeability of the Floridian Aquifer and not the 

Hawthorn Formation. As a result, the recharge values found for the Mims and 

Mosquito Lagoon transects, which are shown in the proximity of BR2148 could not 

be estimated because the permeability value was not of the Hawthorn Formation. 

BR2125 was used for the Banana River, Eau Gallie, and River Walk transects and 

fell within the depth ranges required to use the permeability data regarding the 

Hawthorn Formation.  

The area of cross-section A = 1m2 in Eq 1 since the discharge was calculated as per 

meter length of the shore line and per meter width of the transect. Unlike the area 

of cross-section, the values of Δh and Δz were not uniform over each transect as 

shown in Figure A1 and Figures A2-A7, respectively. An example of this is shown 

when reviewing the potentiometric surface or Δh values in Figure A1 for Eau 

Gallie and River Walk, where Eau Gallie lies between the 30ft and 40ft contour 

lines, River Walk lies between the 20ft and 30ft contour lines. When looking at the 

thickness of the Hawthorn Formation for Eau Gallie in Figure A8 it lies between 

the 160ft and 180ft contours but when taking the color flood map into consideration 

it is determined to range from 170ft and 180ft. The thickness of the Hawthorn 

Formation for River Walk in Figure A11 differs in that it ranges between 120ft and 

140ft.  

The minimum and maximum values of Δh, Δz, and K were used to calculate the 

minimum and maximum possible recharge, Qmin and Qmax from the Floridian 

Aquifer to the unconfined aquifer through the Hawthorn Formation by using the 

following equations: 
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𝑄𝑚𝑖𝑛 = (𝐾𝑚𝑖𝑛)(𝐴)(
Δhmin

Δzmax
)                           (2) 

𝑄𝑚𝑎𝑥 = (𝐾𝑚𝑎𝑥)(𝐴)(
Δhmax

Δzmin
)                           (3) 

Where Δhmin and Δhmax are the lower and upper values of the potentiometric 

surface, Δzmin and Δzmax are the lower and upper values of the thickness of 

Hawthorn Formation, and Kmin and Kmax are the lower and upper values of the 

hydraulic conductivity at each transect. These values are shown in Table 3. The 

final estimated recharge values Qmin and Qmax are shown in Table 4. These recharge 

rates were applied to three transects: Banana River, Eau Gallie, and River Walk. 

Mims and Mosquito Lagoon were not used because the data provided for the 

hydraulic conductivity was not from the Hawthorn Formation but from the 

Floridian Aquifer and thus could not be used.  
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Table 2: Locations of nearby wells and permeameter lab analysis 

 
Note: Depth: the depth at which the sample was taken 

The top of Hawthorn Formation values were obtained from Figures A2 to A6 

The bottom elevations of the Hawthorn Formation were obtained by adding the elevation of the Top of Hawthorn to the Hawthorn 

Formation thickness obtained from Figures A7 to A11 

Data from wells BR2115 and BR 1990 (Figure A1) were not used due to wells being too far from transect sites 

The hydraulic conductivity values reported for BR2148 are for the Floridian Aquifer and not for the Hawthorn Formation

    Well Information 

Well ID Site Name Depth (ft) 
Permeability 

(cm/sec) 

Top of 

Hawthorn (ft) 

Thickness of 

Hawthorn (ft) 

Bottom of 

Hawthorn (ft) 

BR2148 City of Titusville 135-136 1.80E-03 
65 30 95 

BR2148 City of Titusville 180-181.5 1.10E-03 

BR2125 Lori Wilson Park 46-48 4.00E-08 
25 180 205 

BR2125 Lori Wilson Park 136-138 6.80E-08 
    Transect Information 

Transect Site Name Depth (ft) 
Permeability 

(cm/sec) 

Top of 

Hawthorn (ft) 

Thickness of 

Hawthorn (ft) 

Bottom of 

Hawthorn (ft) 

Banana 

River 
Lori Wilson Park N/A 

4.00E-08 
25 – 30 150 - 180 175 - 210 

6.80E-08 

Eau Gallie Lori Wilson Park N/A 
4.00E-08 

75 - 85 170 - 180 245 - 265 
6.80E-08 

Mims City of Titusville N/A N/A 55 - 60 40 - 80 95 - 140 

Mosquito 

Lagoon 
City of Titusville N/A N/A 60 - 65 70 - 100 130 - 165 

River Walk Lori Wilson Park N/A 
4.00E-08 

35 - 40 120 - 140 155 - 180 
6.80E-08 
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Table 3: Potentiometric Surface Elevation, Hawthorn Formation Thickness, and Permeability Values Obtained 

from Figures 18 to 30  

 
Potentiometric 

Surface 

Elevation (ft) 

Potentiometric 

Surface 

Elevation (m) 

Thickness of 

Hawthorn (ft) 

Thickness of 

Hawthorn (m) 

Permeability 

(cm/sec) 

Permeability 

(m/sec)  

Transect Δhmin Δhmax Δhmin Δhmax Δzmin Δzmax Δzmin Δzmax Kmin Kmax Kmin Kmax 

Banana 

River 
20 30 6 9 150 180 46 55 4.0E-08 6.8E-08 4.0E-10 6.8E-10 

Eau 

Gallie 
30 40 9 11 170 180 52 55 4.0E-08 6.8E-08 4.0E-10 6.8E-10 

Mims 5 10 2 3 40 80 12 24 1.1E-03 1.8E-03 1.1E-05 1.8E-05 

Mosquito 

Lagoon 
5 10 2 3 70 100 21 30 1.1E-03 1.8E-03 1.1E-05 1.8E-05 

River 

Walk 
20 30 6 9 120 140 37 43 4.0E-08 6.8E-08 4.0E-10 6.8E-10 
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Table 4: Minimum and Maximum Recharge via the Hawthorn Formation 

 Recharge from 

Hawthorn (m3/s-m2) 

Recharge from 

Hawthorn (m3/d-m2) 

Recharge from Hawthorn 

Below the IRL (m3/d-m) 

Recharge from Hawthorn 

Entire Transect (m3/d-m) 
 

Transect Qmin Qmax Qmin Qmax Qmin Qmax Qmin Qmax 

Banana River 4.36E-11 1.33E-10 3.77E-06 1.15E-05 0.022 0.066 0.024 0.073 

Eau Gallie 6.55E-11 1.44E-10 5.66E-06 1.24E-05 0.017 0.038 0.028 0.061 

Mims 9.17E-07 4.50E-06 7.92E-02 3.89E-01 560 2750 *778 *3817 

Mosquito Lagoon 7.33E-07 2.57E-06 6.34E-02 2.22E-01 192 675 *265 *675 

River Walk 5.58E-11 1.65E-10 4.82E-06 1.43E-05 0.008 0.022 0.013 0.039 
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Chapter 3 

Slug Test at Eau Gallie Transect 

The numerical models completed by Pandit et al. (2016) all had a single lateral 

hydraulic conductivity, Kx, value determined in Pandit et al. (2015). This study 

looked to conduct a slug test at one of the transects used by Pandit et al. (2016) in 

order to validate the Kx values in Pandit et al. (2016). The slug test was conducted 

at the Eau Gallie site. The rising head test version of a slug test was completed at 

each shore and lagoon monitoring well as long as the wells could be found or were 

not clogged. There were two test dates. The first was June 23, 2016 and the second 

was July 28, 2016. On the first test date not all wells could be tested due to poor 

weather conditions and the wells that were tested were only done for one trial. On 

the second date, there was much calmer weather and three test trails were 

completed for the remaining wells that could be found or were not clogged.  

Figure 7 shows the Eau Gallie bed profile and monitoring well locations. The wells 

shown in red indicate that the slug test was completed at that location. At some 

locations, the slug test was performed up to three times. Table 5 shows a summary 

of the Kx values determined at the well locations. The Kx values ranged from 0.01 

m/day to 13.9 m/day. The individual slug test tables for each monitoring well 

location in which the test were performed are shown in Appendix B under Tables 

B1-B20. For well locations that had the slug test conducted three times, three 

different tables were created to show the three different trials in which Kx values 
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were estimated. An average of the three Kx values was then determined. This is also 

shown in Table 5.  

 

 

Figure 7: Monitoring well locations in Eau Gallie Transect, monitoring wells 

that are in red are the locations in which the Slug Test was completed 
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Table 5: Summary Results of Slug Test Performed at Eau Gallie Transect 

Well 

Number 

Trial Number Average Kx 

m/day 1 2 3 

WS-S 6.85 NT NT 6.85 

WS-D N/A N/A N/A N/A 

WS-XD 10.28 NT NT 10.28 

MW2-S 1.30 1.57 1.95 1.61 

MW2-D 0.01 CL CL 0.01 

MW3-S 0.11 NT NT 0.11 

MW4-S 2.21 2.59 2.46 2.42 

MW4-D 0.98 0.89 0.87 0.91 

MW5-S N/A N/A N/A N/A 

MW5-D 5.85 N/A 21.94 13.90 

ES-S N/A N/A N/A N/A 

ES-D N/A N/A N/A N/A 

 

Notes: 

WS-S, WS-D, WS-XD, MW3-S, ES-S, ES-D were tested on June 23, 2016 and for 

only one trial 

MW2-S, MW2-D, MW4-S, MW4-D, MW5-S, MW5-D were tested on July 28, 

2016 and for three trials 

N/A: Kx value could not be calculated due to well recharging too quickly 

NT: not tested for trials 2 and 3 pertaining to the first test date on June 23, 2016 

CL: the well clogged 
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Chapter 4 

Statistical Analysis used for Recalibration of 

Numerical Models 

Statistical Analysis Methods  

This research looks to apply the three statistical analysis methods used by Pandit et 

al. (2011), which were the RMSE, the two-sided test, and the NSE index to the 

three transects of Banana River, Eau Gallie, and River Walk. The statistical 

analysis methods were used to evaluate two different comparisons. The first was 

the dh comparison, which was the comparison between the head measurements 

from the field measured hydraulic head contours and the model predicted hydraulic 

head contours. The second comparison was the new introduced dh/dl comparison, 

which compared the field measured hydraulic gradients and the model predicted 

hydraulic gradients.  

RMSE  

The RMSE was calculated for the predicted values at the monitoring well locations 

for each transect, as described by Neter and Wasserman (1973). When calculating 

the RMSE, it is commonly accepted that the lower the RMSE the better the model 

performance Moriasi et al. (2007). However, Pandit et al. (2011) mentions there is 

no absolute criterion for a good value of RMSE because the value depends on the 

units in which the variable is measured in. Thus, the RMSE alone cannot determine 

whether a model is accurate or not.  
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Two-Sided Test  

A two-sided test (Lapin 1983) was completed to test the null hypothesis, H0, which 

was that the means of the model-predicted and measured nodal freshwater 

hydraulic head values at the measurement locations were statistically equal. The 

test was conducted at a 95% confidence interval. Pandit et al. (2011) determined 

that the two-sided test had limited applicability because the conclusion of “do not 

reject H0” does not necessarily mean that the null hypothesis was true and only 

suggested that there was not enough evidence against H0.  

NSE Index  

The final statistical analysis test completed was the NSE index. The NSE index is a 

normalized statistic that determines the relative magnitude of the residual variance 

compared to the measured data variance Moriasi et al. (2007). Pandit et al. (2011) 

mentions that the NSE index is widely used for assessing the goodness of fit of 

hydrologic models. The values for the NSE index range from negative infinity to 

one. Moriasi et al. (2007) explains that values between zero and one are viewed as 

acceptable levels of performance from the model, while values that are less than 

zero reveal an unacceptable performance. Therefore, a value of one indicates a 

perfect fit between the predicted and observed (field measured) values  

Application of Statistical Analysis Methods to Previously 

Calibrated Models 

The models for the three transects of Banana River, Eau Gallie, and River Walk 

were calibrated by visually matching the model predicted freshwater hydraulic head 

distribution to the field measured freshwater hydraulic head distribution Pandit et 

al. (2016). The model calibrations were further verified by using three statistical 

analysis methods explained by Pandit et al. (2011). The statistical analysis was 

conducted for the dh and dh/dl comparison at the 15 monitoring well locations for 
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each transect. The results of the statistical analysis at the three transects are shown 

in Table 6. 

Table 6: Statistical Analysis of Original Calibrated SEAWAT Models 

  dh dh/dl 

Transect 

Name 

Number 

of Points 

RMSE 

(m) 

Two-sided 

testa 

NSE 

Index 

RMSE 

(m) 

Two-sided 

testa 

NSE 

Index 

Banana 

River 
15 0.039 DNR -0.02 0.016 DNR -1.03 

Eau 

Gallie 
15 0.047 DNR 0.09 0.014 DNR -0.62 

River 

Walk 
15 0.097 DNR 0.63 0.020 DNR 0.41 

 

Notes: 

RMSE: Root-mean-square error  
aR: rejected the hypothesis that measured and predicted freshwater hydraulic heads 

are equal at the 95% confidence level (p = 0.05);    

DNR: did not reject the hypothesis that measured and predicted groundwater 

hydraulic heads are equal at 95% confidence level (p = 0.05) 

 

 

The following conclusions can be made from the results shown in Table 6: 

1. All three transects under both the dh and dh/dl comparisons did not reject 

the null hypothesis of the two-sided test.  

2. The RMSE values for the dh comparisons of Banana River and Eau Gallie 

produced relatively low values of 0.039 m and 0.047 m, respectively 

compared to the average head values of 44.393 m and 40.349 m, 

respectively. River Walk produced the largest RMSE value for the dh 

comparison of 0.097 compared to the average head value of 44.390 m.  

3. The NSE index values for the River Walk model produced the best results 

for both the dh and dh/dl comparisons with 0.63 and 0.41, respectively, 
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since the values are close to one. The Banana River and Eau Gallie models 

showed the lowest NSE index values with Banana River being considered 

the worst model as it had a -0.02 and a -1.03 NSE value for the dh and dh/dl 

comparisons, respectively.  

Although the three transect models shown in Pandit et al. (2016) showed good 

visual comparisons between the field measured and model predicted hydraulic head 

distributions, the NSE index values showed that the two transects of Banana River 

and Eau Gallie were unsatisfactory. Both models showed NSE index values that 

were negative in the dh/dl comparison. As a result, the study made an effort to 

improve the statistical analysis process by adding to the number of comparison 

points as explained subsequently.  

Introduction to the addition of extra points 

Because the visual comparisons were made with the field measured data that used 

an inverse weighted distance interpolation, it was speculated that this interpolation 

could be used to add extra comparison points. As a result, a new grid was created 

for each transect in which 24 points were added to both Banana River and River 

Walk, while Eau Gallie had 22 added points. The manner in which the points were 

added was by adding two pairs of points at different depths (shallow and deep) in 

between the existing lagoon monitoring wells. Each added point was equidistant 

from each other and the neighboring monitoring wells. Figures 8-10 show the 

created points for the Banana River, Eau Gallie and River Walk transects along 

with the field measured equivalent freshwater hydraulic head contours, 

respectively. The added points are shown in red and the existing monitoring well 

locations are shown in black.  
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Figure 8: Banana River, May 2015, transect grid set up for added points 

 

Figure 9: Eau Gallie, June 2014, transect grid set up for added points 
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Figure 10: River Walk, July 2014, transect grid set up for added points 

 

When the new points were added, a new statistical analysis was completed. Instead 

of each transect only having 15 total points, Banana River and River Walk would 

have 39, while Eau Gallie would have 37 total points. Although adding more points 

did improve the NSE index values for each of the models, it was determined that 

the values could be further improved by removing any outliers within the data. This 

was made possible because instead of having a limited supply of points to perform 

the statistical analysis with 15 original total points, there were now at least 37 total 

points. This meant it was now possible to omit any values that negatively affected 

the statistical analysis values and were considered to be outliers within the data. 

When removing the outliers from each transect, the final total number of points for 

Banana River, Eau Gallie, and River Walk were 35, 35, and 38, respectively.  

After removing the outliers, an improvement was seen for both the dh and dh/dl 

comparisons for each of the three transects. However, this improvement was not 

large enough to be considered satisfactory and as a result, it was determined that 
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each of the models would be recalibrated based off this new addition of points. This 

new calibration is referred to as the modified calibration. The models shown in 

Pandit et al. (2016) will be referred to as the original calibrations. A comparison 

between the two calibrations was completed.   

Original calibration vs modified calibration  

The new calibration began with having all the points added without removing any 

possible outliers, which meant both Banana River and River Walk started with 39 

total points and Eau Gallie began with 37 total points. As mentioned before, this 

new calibration would be considered the modified calibration and was completed 

by changing the vertical hydraulic conductivity zones under the lagoon for each 

model. Before a statistical analysis was done on any transect, it first had to have a 

good visual comparison between the field measured hydraulic head contours and 

the predicted hydraulic head contours. Figures 11-13 show the visual comparison 

between the field measured data, original calibration, and modified calibration for 

Banana River, Eau Gallie, and River Walk, respectively. Table 7 shows a 

comparison between statistical analysis values for the original and modified 

calibrations. The calibration validation for the modified calibrations are shown in 

Appendix C.   
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Figure 11: Banana River transect, May 2015: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL for original calibration; c) Predicted hydraulic head 

contours below IRL for modified calibration 
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Figure 12: Eau Gallie transect, June 2014: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL for original calibration; c) Predicted hydraulic head 

contours below IRL for modified calibration 

  



39 

 

 

 

 

 

 

 

 

Figure 13: River Walk transect, July 2014: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL for original calibration; c) Predicted hydraulic head 

contours below IRL for modified calibration
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Table 7: Statistical analysis showing original vs modified calibration with added points 

    dh dh/dl 

Transect 

Name 
Calibration 

Number 

of Points 

Visual 

Comparison 

RMSE 

(m) 

Two-sided 

Testa 

NSE 

index 

RMSE 

(m) 

Two-sided 

Testa 

NSE 

index 

Banana 

River 

Original 39 
Good 

0.064 R 0.06 0.018 R -3.16 

Original* 35 0.051 R 0.41 0.016 R -1.83 

Modified 39 
Good 

0.062 R 0.13 0.020 R -4.09 

Modified* 35 0.048 DNR 0.50 0.019 R -2.72 

Eau 

Gallie  

Original 37 
Good 

0.039 DNR 0.53 0.013 R -0.45 

Original* 35 0.035 DNR 0.63 0.013 R -0.39 

Modified 37 
Good 

0.034 R 0.63 0.010 DNR 0.03 

Modified* 35 0.027 DNR 0.78 0.010 DNR 0.23 

River 

Walk 

Original 39 
Fair 

0.088 DNR 0.47 0.025 DNR 0.54 

Original* 38 0.085 DNR 0.50 0.026 DNR 0.28 

Modified 39 
Good 

0.040 DNR 0.89 0.018 DNR 0.76 

Modified* 38 0.034 DNR 0.92 0.019 DNR 0.64 

 
Notes: 

Original: calibration shown in Pandit et al. (2016) with additional comparison points 

Original*: calibration shown in Pandit et al. (2016) with additional comparison points and outliers removed 

Modified: new calibration completed by study using monitoring wells plus additional comparison points  

Modified*: new calibration completed by study using monitoring wells plus additional comparison points and outliers removed 

RMSE: Root-mean-square error  
aR: rejected the hypothesis that measured and predicted freshwater hydraulic heads are equal at the 95% confidence level (p = 0.05);    

DNR: did not reject the hypothesis that measured and predicted groundwater hydraulic heads are equal at 95% confidence level (p = 0.05). 
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RMSE Comparison  

When reviewing Table 7, it can be seen that most of the RMSE values for both the 

dh and dh/dl comparisons for each transect decreased from the original calibration 

values to the new modified calibration values. The Banana River model RMSE 

values for the dh comparison decreased from 0.064 for the original calibration to 

0.062 for the modified. The Eau Gallie transect RMSE values went from 0.039 for 

the original calibration to 0.034 for the modified. The River Walk transect saw the 

most improvement as the RMSE value for the original calibration went from 0.088 

to 0.040 for the modified calibration. The RMSE values are being compared to the 

average head values of 44.393 m, 40.349 m, and 44.390 m shown for the three 

transects of Banana River, Eau Gallie, and River Walk, respectively. 

After outliers from the original data sets were removed, both the original and 

modified calibrations generally showed improvements in the RMSE values. The 

RMSE values for both the original and modified calibrations at the Banana River 

transect improved under the dh comparison from 0.064 to 0.051 and from 0.062 to 

0.048, respectively. The modified calibration displayed the better RMSE values 

from the two calibrations. The Eau Gallie model showed a similar trend between 

the two calibrations with the modified calibration ultimately displaying the better 

RMSE value of 0.027 while the original calibration showed a value of 0.035. The 

River Walk model also showed the same results with modified calibration also still 

showing the better RMSE value of 0.034 to the 0.085 RMSE value shown by the 

original calibration. The RMSE values for the dh/dl comparisons were quite 

different than those of the dh comparison when the outliers were removed. The 

Banana River model showed that the RMSE values for both calibrations improved 

but the original calibration had the better RMSE value of 0.016 compared to the 

modified RMSE value of 0.019. The Eau Gallie model did not show improvement 
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in the RMSE values when the outliers were removed for either calibration. The 

RMSE values remained the same as the original calibration kept the value of 0.013 

and the modified kept the value of 0.010. The River Walk model showed the 

RMSE values becoming worse when the outliers were removed for both 

calibrations as the values increased to 0.026 and 0.019 for the original and modified 

calibrations, respectively.  

As shown in Table 7, the RMSE values showed a general trend of improving for 

the dh comparison when the modified calibration was used. The values further 

improved for most of the transects when the outliers within the data sets were 

omitted. The modified calibrations generated better RMSE values than the original 

calibrations for the dh comparison. The dh/dl comparisons for each transect showed 

different results. The Banana River dh/dl comparison was the only situation in 

which the original calibration was better than the modified calibration. The Eau 

Gallie dh/dl comparisons showed no change in RMSE values when the outliers 

were removed for either calibration. The River Walk model actually became worse 

when the outliers were removed.  

Two-Sided Test Comparison  

Table 7 also shows the results for the two-sided test. The first two-sided tests were 

conducted similar to the RMSE values as all of the points were used for each 

transect. The Banana River model showed the dh and dh/dl comparisons rejecting 

the null hypothesis of the means of the model-predicted and the measured 

freshwater hydraulic head values with the added points being statistically equal for 

both the original and modified calibrations. The Eau Gallie model dh comparison 

showed the null hypothesis not being rejected for the original calibration but 

rejected for the modified calibration. The opposite results were shown for the dh/dl 

comparison of the Eau Gallie model as this time the original calibration was 
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rejected, while the modified calibration was accepted. The River Walk model 

showed neither of the two calibrations being rejected for either the dh or the dh/dl 

comparisons.  

When the outliers were omitted from the dataset, the Banana River model only 

showed the dh comparison of the modified calibration not being rejected, while the 

original calibration was rejected and both calibrations were rejected under the dh/dl 

comparisons. The Eau Gallie transect saw the dh/dl comparison for the original 

calibration being rejected, while the modified calibration was not rejected. Both 

calibrations were not reject under the dh comparison. The River Walk models still 

showed the null hypothesis not being rejected under either dh or dh/dl comparisons 

for both calibrations.  

NSE Index Comparison  

When observing Table 7, the modified calibrations for all points used generally 

showed NSE index values being better than the original calibrations. For the 

Banana River transect, the dh comparison NSE index went from 0.06 for the 

original calibration to 0.13 for the modified calibration. However, for the dh/dl 

comparison, the original calibration showed the better NSE value of -3.16, while 

the modified calibration had a value of -4.09. For the Eau Gallie transect, the dh 

comparison went from 0.53 for the original calibration to 0.63 for the modified 

calibration and the dh/dl comparison changed from a -0.45 for the original 

calibration to 0.03 for the modified calibration. Lastly, the dh comparison for the 

River Walk model improved from the original calibration NSE value of 0.47 to the 

modified calibration value of 0.89. The dh/dl comparison followed suit as the 

original calibration NSE value improved from 0.54 to the modified calibration 

value of 0.76. This shows that when all added points were being used, the modified 

calibration showed an improvement in NSE index values for both dh and dh/dl 
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comparisons when compared to the original calibrations with the Banana River 

model dh/dl comparison being the only exception.  

Both calibrations saw improvements in NSE index values when outliers within the 

data were removed.  For the Banana River transect, the NSE index for the modified 

calibration with outliers removed for the dh comparison increased from 0.13 to 

0.50, while the original calibration also improved from 0.06 to 0.41. This showed 

the modified calibration having the better NSE value for the dh comparison at the 

Banana River transect with a value of 0.50.  The same could not be said for the 

dh/dl comparison as the original calibration generated the better NSE index value. 

However, both calibrations showed improvement in the NSE index values when the 

outliers were removed as the original calibration went from -3.16 to -1.83 and the 

modified calibration went from -4.09 to -2.72. The Eau Gallie transect original 

calibration with outliers removed for the dh comparison improved from 0.53 to 

0.63 and the modified calibration improved from 0.63 to 0.78. The dh/dl 

comparisons for both Eau Galle model calibrations also improved as the original 

calibration went from -0.45 to -0.39 and the modified calibration improved from 

0.03 to 0.23. The River Walk transect showed improvements for the dh 

comparisons when the outliers were removed but showed a decline in the dh/dl 

comparisons. The NSE index values for the dh comparison for the original 

calibration increased from 0.47 to 0.50 and for the modified calibration it improved 

from 0.89 to 0.92. The dh/dl NSE values declined as the original calibration value 

fell from 0.54 to 0.28 and the modified calibration value fell from 0.76 to 0.64.  

Removing the outliers from the NSE analysis significantly helped two of the three 

transect models, with the Banana River and Eau Gallie transects showing 

improvements in the dh and dh/dl comparisons for both calibrations. However, 

River Walk did not show the same improvement. There was an improvement in the 
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dh comparisons for both calibrations but it was very minimal as both only saw a 

0.03 increase in NSE index. The dh/dl comparison is where the River Walk model 

was hurt by omitting its single outlier. The dh/dl comparison for the original 

calibration decreased from 0.54 to 0.28 and the modified calibration decreased 

from 0.76 to 0.64. Thus, showing that removing the outlier for the NSE analysis 

was not necessary for the River Walk model and is best to use all added points and 

monitoring wells for it. 

Application of Recharge Rates to Transect Models 

After the maximum and minimum recharge rates were determined in Table 4, the 

recharge rates were applied to the Banana River, Eau Gallie, and River Walk 

transects. When the recharge rates were first applied to the models, each model 

became uncalibrated as each model displayed poor visual comparisons to the field 

measured freshwater hydraulic head contours. As a result, a new calibration was 

necessary. This was due to the recharge rates affecting the predicted hydraulic head 

contours as in most scenarios the hydraulic head contours were pushed up towards 

the lagoon. In order to correct this, new vertical hydraulic conductivity, Kz, values 

were used. The calibrated recharge models for Banana River, Eau Gallie, and River 

Walk along with the no recharge modified calibration, and the field measured data 

are shown in Figures 14-16, respectively. These figures show the visual comparison 

between the field measured hydraulic head contours and the model predicted 

hydraulic head contours for the no recharge, minimum recharge, and maximum 

recharge scenarios. 
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Figure 14: Banana River Transect, May 2015: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL with no recharge; c) Predicted hydraulic head contours 

below IRL with minimum recharge; d) Predicted hydraulic head contours 

below the IRL with maximum recharge
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Figure 15: Eau Gallie Transect, June 2014: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL with no recharge; c) Predicted hydraulic head contours 

below IRL with minimum recharge; d) Predicted hydraulic head contours 

below the IRL with maximum recharge
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Figure 16: River Walk Transect, July 2014: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL with no recharge; c) Predicted hydraulic head contours 

below IRL with minimum recharge; d) Predicted hydraulic head contours 

below the IRL with maximum recharge 
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Statistical Analysis for Recharge Models 

Although the visual comparisons between the field measured hydraulic head 

distributions and the newly model predicted recharge hydraulic head distributions 

(Figures 14-16) were satisfactory, the same statistical analysis as the previous 

original and modified no recharge models was conducted. This meant that the 

RMSE, two-sided test, and the NSE index would also be used for the statistical 

analysis of the recharge models. This was done in order to further verify the model 

calibrations for each of the recharge models at each transect of Banana River, Eau 

Gallie, and River Walk. Table 8 shows the statistical analysis results for the no 

recharge under the modified calibration and recharge scenarios. 
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Table 8: Statistical Analysis of Calibrated SEAWAT Models with Recharge Cases 

     dh dh/dl 

Transect 

Name 

Recharge 

(m3/day-m) 

Number 

of Points 

Visual 

Comparison 

RMSE 

(m) 

Two-sided 

Testa 

NSE 

index 

RMSE 

(m) 

Two-sided 

Testa 

NSE 

index 

Banana River 

NR - 
39 

Good 
0.062 R 0.13 0.020 R -4.09 

35 0.048 DNR 0.50 0.019 R -2.72 

Qmin 3.77E-06 
39 

Good 
0.063 DNR 0.11 0.025 R -6.79 

35 0.048 DNR 0.50 0.023 R -4.66 

Qmax  1.15E-05 
39 

Good 
0.063 DNR 0.10 0.030 R -7.17 

35 0.047 DNR 0.48 0.023 R -4.71 

Eau Gallie 

NR - 
37 

Good 
0.034 R 0.63 0.010 DNR 0.03 

35 0.027 DNR 0.78 0.010 DNR 0.23 

Qmin 5.66E-06 
37 

Good 
0.034 DNR 0.64 0.011 DNR -0.05 

35 0.027 DNR 0.79 0.010 DNR 0.14 

Qmax  1.24E-05 
37 

Good 
0.033 DNR 0.65 0.011 DNR -0.16 

35 0.026 DNR 0.80 0.011 DNR 0.03 

River Walk 

NR - 
39 

Good 
0.040 DNR 0.89 0.018 DNR 0.76 

38 0.034 DNR 0.92 0.019 DNR 0.64 

Qmin 4.82E-06 
39 

Good 
0.042 DNR 0.88 0.080 DNR 0.45 

38 0.037 DNR 0.90 0.040 DNR 0.61 

Qmax  1.43E-05 
39 

Good 
0.040 DNR 0.89 0.069 DNR 0.47 

38 0.035 DNR 0.91 0.036 DNR 0.62 

Notes: 

NR: no recharge, Qmin: the minimum estimated recharge via the Hawthorn Formation, Qmax: the maximum estimated recharge via the Hawthorn 

Formation, RMSE: Root-mean-square error, aR: rejected the hypothesis that measured and predicted freshwater hydraulic heads are equal at the 95% 

confidence level (p = 0.05), DNR: did not reject the hypothesis that measured and predicted groundwater hydraulic heads are equal at 95% confidence 

level (p = 0.05). 
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RMSE Comparison  

Similar to the results shown in Table 7, Table 8 showed the same trend when it 

came to the RMSE values improving for both of the two recharge rates for each 

transect model when the outliers were removed from the data. In order to keep the 

RMSE analysis consistent between the recharge models and the no recharge 

models, the same number of outliers that were removed for the previous original vs 

modified calibrations were removed from this statistical analysis. For the Banana 

River model there was a decrease in the RMSE values for the dh comparison, 

which shows improvement for both of the recharge scenarios as the Qmin and Qmax 

RMSE values went from 0.063 to 0.048 and 0.063 to 0.047, respectively. The dh/dl 

comparison showed the same trend as the Qmin and Qmax RMSE values went from 

0.025 to 0.023 and 0.030 to 0.023, respectively.  

The Eau Gallie model also showed improvement in the RMSE values for the dh 

comparison for both the Qmin and Qmax RMSE values when the outliers removed as 

they went from 0.063 to 0.048 and 0.063 to 0.047, respectively. The RMSE values 

for the dh/dl values had slightly different results for each of the recharge rates used. 

For Qmin the RMSE value improved from 0.011 to 0.010 when the outliers were 

removed, while the RMSE for the Qmax showed no improvement as the value 

remained the same at 0.011. 

The River Walk model showed similar results to the previous two transects with its 

RMSE values improving for each of the recharge rates for both dh and dh/dl 

comparison. When looking at the dh comparison for the Qmin and Qmax. the RMSE 

values went from 0.042 to 0.037 and 0.040 to 0.035, respectively. Unlike the 

RMSE values in Table 7 for the dh/dl comparison for the River Walk model where 

the RMSE values became worse when the outliers were removed, Table 8 shows 
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the RMSE values improving for both recharge rates. The RMSE values for the Qmin 

and Qmax improved from 0.080 to 0.040 and 0.069 to 0.036, respectively.  

Two-Sided Test Comparison  

The second statistical analysis test to look at is the two-sided test. The two-sided 

tests were conducted similar to what was done for the original calibration vs the 

modified calibration shown in Table 7. First the test was done using all of the 

points and then by omitting the same number of outliers as shown in Table 7. The 

same null hypothesis of the means of the model-predicted and the measured 

freshwater hydraulic head values with the added points determined from the inverse 

distance weighted interpolation were going to be statistically equal. The Banana 

River model showed the dh comparisons for both the recharge rates as being not 

rejected in Table 8. However, when reviewing the two-sided test for dh/dl 

comparisons of both recharge rates, the null hypothesis is rejected. Both the Eau 

Gallie and River Walk models show that under both the Qmin and Qmax recharge 

rates, the null hypothesis was not rejected for either the dh and dh/dl comparisons.  

NSE Index Comparison  

Similar to the results shown in Table 7, Table 8 showed the same general trend 

when it came to the NSE index values for both of the two recharge cases for each 

study transect. The NSE index values increased when the outliers were removed. 

For the Banana River transect there were large improvements in the dh comparison 

for both recharge cases as the NSE index for Qmin went from 0.11 to 0.50 and Qmax 

went from 0.10 to 0.48. The NSE also improved for the dh/dl comparison of the 

Banana River model as Qmin went from -6.79 to -4.66 and Qmax went from -7.17 to -

4.71. Although the NSE index values for the dh/dl comparison for the Banana 

River models improved, the NSE index values still indicate that the model is not 

satisfactory as the value is still a large margin away from the optimal value of 1.  
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Eau Gallie also showed large improvements in the dh comparison for both recharge 

scenarios. The NSE value for Qmin went from 0.64 to 0.79 and Qmax went from 0.65 

to 0.80. Like in Banana River, NSE values for the dh/dl comparison for Eau Gallie 

improved, however, the improvement in Eau Gallie was much greater than that of 

Banana River as the values ended up much closer to the optimal value of 1. The 

NSE index for Qmin went from -0.15 to 0.14 and Qmax went from -0.83 to -0.16.  

Similar to what happened in the modified calibration for no recharge shown in 

Chapter 2, the River Walk recharge models showed little improvement in the dh 

comparison when the outlier was removed. However, this is due to the NSE 

analysis value already being really close to the optimal value of 1 with Qmin going 

from 0.88 to 0.90 and Qmax going from 0.89 to 0.91. The difference between the 

Chapter 2 modified no recharge model and the two recharge models is that there 

was an improvement in the dh/dl analysis. The NSE index for Qmin went from 0.45 

to 0.61 and Qmax went from 0.47 to 0.62. 

Application of Slug Test Kx Values and Statistical Analysis  

After the Kx values were estimated at the different monitoring well locations shown 

in Figure 7, the values shown in Table 5 were then applied to the SEAWAT model 

for the Eau Gallie transect. This was done in order to form a comparison between 

the new Kx values determined from the slug test conducted and the single Kx value 

of 20 m/day that was used throughout the Eau Gallie models. The single value of 

20 m/day was determined by using the Hazen equation showed in Pandit et al. 

(2015). When the field measured Kx values were added to the modified calibrated 

Eau Gallie model shown in Figure 12c, the model became uncalibrated generating a 

poor visual comparison with the field measured hydraulic head distribution as well 

as an unsatisfactory statistical analysis values. As a result, the slug test model was 

recalibrated using the same process of additional points being added from the field 
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measured hydraulic head distributions. Figure 17 shows the field measured 

hydraulic head distributions along with the modified calibration for the single Kx 

model and the new calibration for the variable Kx model.  

 

 

 

Figure 17: Eau Gallie Transect, June 2014: a) Field measured freshwater 

hydraulic head distribution below the IRL; b) Predicted hydraulic head 

contours below IRL when using Kx = 20 m/day; c) Predicted hydraulic head 

contours below IRL when using Kx = variable 
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As shown in Figure 17, the new Eau Gallie model using the field measured Kx 

values demonstrates a fairly good visual comparison between the field measured 

hydraulic head contours as well as the previous model predicted hydraulic head 

contours for when the Kx value of 20 m/day was used. Table 9 shows a statistical 

analysis comparison between the field measured Kx values and the previously used 

Kx value of 20 m/day.  

Table 9: Statistical Analysis Comparison of the Eau Gallie Model Calibration 

Results for Changes in Kx Values  

Kx 

Values 

(m/day) 

RMSE 

(m) 

Two-sided 

Testa NSE index 

20 0.027 DNR 0.78 

Variable 0.029 DNR 0.76 

 

Notes: 

20: the single Kx value used for modeling purposes  

Variable: the slug test Kx values shown in Table 5 used for modeling purposes 

RMSE: Root-mean-square error  
aR: rejected the hypothesis that measured and predicted freshwater hydraulic heads 

are equal at the 95% confidence level (p = 0.05);    

DNR: did not reject the hypothesis that measured and predicted groundwater 

hydraulic heads are equal at 95% confidence level (p = 0.05). 

 

As shown in Table 9, both models generated good overall statistical analysis values 

under the dh comparison. Both models generated low RMSE values. Both model 

calibrations showed to not reject the null hypothesis of the means of the model-

predicted and the measured freshwater hydraulic head values with the added points 

determined from the inverse distance weighted interpolation were going to be 

statistically equal. Lastly, both models produced satisfactory NSE index values as 

both had values over 0.75. 
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Chapter 5 

Estimation of Groundwater Seepages and 

Groundwater Loads  

Estimation of Groundwater Seepages  

Original calibration vs modified calibration  

As a result of the new modified calibrations, new groundwater seepage estimates 

were determined for the three study sites of Banana River, Eau Gallie, and River 

Walk. This was completed for only one of the sampling events completed by Pandit 

et al. (2016) for each transect. For Banana River it was May 2015, for Eau Gallie it 

was June 2014, and for River Walk it was July 2014. The model estimated 

seepages as well as the percent differences between the original calibration and 

modified calibration seepages are shown in Table 10. Figure 18 shows a visual 

representation of the data shown in Table 10. The original calibration seepages 

were taken from the 2016 Final Report completed by Pandit et al. (2016).  
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Table 10: Model Predicted Groundwater Seepages for Original and Modified 

Calibrations at Three IRL Transects  

Transect 
Visit 

Date 

Daily Seepage  

(m3/day-m) 

Annual Seepage 

(m3/year-m) 
% Diff 

Original 

Calibration 

Modified 

Calibration 

Original 

Calibration 

Modified 

Calibration 

Banana 

River 

May 

2015 
0.155 0.140 57 51 11.11% 

Eau 

Gallie  

June 

2014 
0.670 0.731 244 267 9.00% 

River 

Walk  

July 

2014 
0.863 0.914 315 334 5.86% 

 

Notes: 

Original Calibration: at the time of calibration only the monitoring wells were used 

Modified Calibration: at the time of calibration monitoring wells plus additional 

points from the field measured data were used 

% Diff: percent difference calculated comparing the original calibration vs 

modified calibration  

m3/day-m implied cubic meter per day per meter of lagoon shoreline 

m3/yr-m implied cubic meter per year per meter of lagoon shoreline 
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Figure 18: Model Predicted Groundwater Seepages for Original and Modified 

Calibrations at Three IRL Transect 

Table 10 shows that the modified calibrations generated different seepage 

estimations for each study site.  The Banana River transect showed the largest 

percent difference between the original calibration and modified calibration 

seepages at 11.11% as the estimated seepage value for the original calibration 

decreased from 57 m3/yr-m to 51 m3/yr-m for the modified. Eau Gallie experienced 

the second largest percent difference between the two calibrations at 9.00% with 

the estimated seepage of the original calibration increasing from 244 m3/yr-m to 

267 m3/yr-m for the modified. River Walk showed the smallest percent difference 

between the two calibrations at 5.86% as the estimated seepage value for the 

original calibration increased from 315 m3/yr-m to 334 m3/yr-m for the modified 

calibration. 

No recharge vs minimum and maximum recharge  

After the recharge rates going into to the unconfined aquifer from the Floridian 

Aquifer via the Hawthorn Formation for the Banana River, Eau Gallie, and River 
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Walk transects were calculated in Table 4, the recharge rates were then applied to 

each SEAWAT model. Once each model was calibrated with satisfactory statistical 

values (shown in Table 8), it was then possible to determine groundwater 

estimations for each recharge rate and study site. The estimated seepages along 

with a percent difference between the no recharge seepages and the recharge 

models seepages are shown in Table 11. Figure 19 shows a graphical representation 

of the estimated seepages for each of the three transects for the no recharge and two 

recharge scenarios.  

Table 11: Model Predicted Groundwater Seepages for Three IRL Transects 

with Recharge Included 

Transect 
Test 

Date 

Recharge  

(m3/day-m2) 

Daily  

Seepage 

(m3/day/m) 

Annual 

Seepage 

(m3/year/m) 

% Diff 

Banana 

River 

May 

2015 

NR - 0.140 51 - 

Qmin 3.77E-06 0.145 53 3.85% 

Qmax 1.15E-05 0.153 56 9.35% 

Eau 

Gallie 

June 

2014 

NR - 0.731 267 - 

Qmin 5.66E-06 0.748 273 2.22% 

Qmax 1.24E-05 0.764 279 4.40% 

River 

Walk 

July 

2014 

NR - 0.914 334 - 

Qmin 4.82E-06 0.922 337 0.89% 

Qmax 1.43E-05 0.938 342 2.37% 

 

Notes: 

NR: no recharge 

Qmin: the minimum estimated recharge via the Hawthorn Formation 

Qmax: the maximum estimated recharge via the Hawthorn Formation 

m3/day-m implies cubic meter per day per meter of lagoon shoreline 

m3/yr-m implies cubic meter per year per meter of lagoon shoreline 

% Diff: percent difference calculated compared to no recharge 
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Figure 19: Model Predicted Groundwater Seepages for Three IRL Transects 

with Recharge Included 

Table 11 shows the estimated groundwater seepage values increasing for each 

transect when the recharge rates were applied. The percent differences were 

calculated between the estimated seepage values generated from both the recharge 

conditions compared to the estimated seepages of the no recharge modified 

calibration models. When the minimum recharge, Qmin, was added to the Banana 

River, Eau Gallie, and River Walk transects, there were percent increases in 

groundwater seepage values of 3.85%, 2.22%, and 0.89%, respectively. When 

modeling the maximum recharge, Qmax, for Banana River, Eau Gallie, and River 

Walk, there were percent increases in estimated groundwater seepages of 9.35%, 

4.40%, and 2.37%, respectively.  

Eau Gallie slug test model vs modified no recharge model 

Table 12 shows the estimated groundwater seepages for both the models of the 

variable Kx Eau Gallie model and the singled Kx value modified model for the Eau 

Gallie transect.  
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Table 12: Model Predicted Groundwater Seepages for Changes in Kx Values 

at the Eau Gallie Transect 

Kx 

Values 

(m/day) 

Daily 

Seepage  

(m3/day-m) 

Annual 

Seepage  

(m3/year-m) 

% Diff 

20 0.73 267 - 

Variable 0.65 238 11.6% 

 

Notes: 

m3/day-m implies cubic meter per day per meter of lagoon shoreline 

m3/yr-m implies cubic meter per year per meter of lagoon shoreline 

% Diff: percent difference calculated comparing the Kx = 20 m/day to the variable 

Kx 

 

When the field measured Kx values were used, the model predicted a seepage value 

of 238 m3/day-m, which was less than the single Kx value simulation of 267 

m3/day-m. This results in a 11.6% difference between the single Kx value 

simulation and the variable Kx simulation. This demonstrates that using a single 

value of Kx does not have a significant effect on the seepage calculations into the 

IRL. 

Estimation of Groundwater Loads   

Original calibration vs modified calibration  

After the estimated groundwater seepages are determined for each transect, it is 

then possible to determine nutrient loadings. As explained earlier in the study, 

water quality samples are taken from the shallow shore piezometers and the 

shallow piezometer located in the middle of the lagoon. The water quality analysis 

results for each of these thirds are then used with the estimated groundwater 

seepages at the respective thirds in order to determine the total nutrient loads. In 

this study, total nitrogen (ammonia plus nitrite and nitrate) and total phosphorus 
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(soluble reactive phosphate) were calculated from the respective groundwater 

seepage estimations. The total nitrogen loads are shown in Table 13 and the total 

phosphorus loads are shown in Table 14. Figure 20 shows a visual representation of 

the total nitrogen loads and Figure 21 shows the visual representation of total 

phosphorus data. 

 

Table 13: Total Nitrogen Loads for Original and Modified Calibrations at 

Three IRL Transects  

Transect 
Visit 

Date 

Total Nitrogen Loads 

% Diff 
kg/day-m kg/yr-km 

Original 

Calibration 

Modified 

Calibration 

Original 

Calibration 

Modified 

Calibration  

Banana 

River  

May 

2015 
1.80E-04 1.58E-04 66 58 13.50% 

Eau 

Gallie  

June 

2014 
5.54E-04 5.42E-04 202 198 2.17% 

River 

Walk 

July 

2014 
2.56E-03 2.47E-03 935 901 3.66% 

 
Notes:  

Original Calibration: at the time of calibration only the monitoring wells were used 

Modified Calibration: at the time of calibration monitoring wells plus additional points 

kg/day-m implies kg per day per meter of lagoon shoreline 

kg/yr-km implies kg per year per kilometer of lagoon shoreline 

% Diff: percent difference calculated comparing the original calibration vs modified 
calibration  
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Table 14: Total Phosphorus Loads Original and Modified Calibrations at 

Three IRL Transects 

Transect 
Visit 

Date 

Total Phosphorus Loads 

% Diff 
kg/day-m kg/yr-km 

Original 

Calibration 

Modified 

Calibration 

Original 

Calibration 

Modified 

Calibration 

Banana 

River  

May 

2015 
2.20E-05 2.03E-05 8 7 13.33% 

Eau 

Gallie  

June 

2014 
8.01E-05 6.76E-05 29 25 14.81% 

River 

Walk 

July 

2014 
1.52E-04 1.81E-04 56 66 16.39% 

 

Notes:  

Original Calibration: at the time of calibration only the monitoring wells were used 

Modified Calibration: at the time of calibration monitoring wells plus additional 

points 

kg/day-m implies kg per day per meter of lagoon shoreline 

kg/yr-km implies kg per year per kilometer of lagoon shoreline 

% Diff: percent difference calculated comparing the original calibration vs 
modified  
 

 

Figure 20: Total Nitrogen Loads for Original and Modified Calibrations at 

Three IRL Transects 
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Figure 21: Total Phosphorus Loads Original and Modified Calibrations at 

Three IRL Transects 

Both Table 13 and Table 14 show the nutrient load values for both the original 

calibration and the modified calibration as well as a percent different comparison 

between the original calibration values and the modified calibration values. The 

general trend for both tables was a decline in the nutrient loads for each study site 

from the original calibration to the modified calibration 

When looking at Table 13 the total nitrogen for the Banana River transect, 

decreased from 66 kg/yr-km to 58 kg/yr-km resulting in a percent difference of 

13.50%. This decrease in percent was the largest amongst the three transects. The 

Eau Gallie transect showed smallest percent decrease in total nitrogen loads 

between the original calibration and modified calibration with only 2.17% as the 

total nitrogen decreased from 202 kg/yr-km to 198 kg/yr-km. River Walk also 

showed a low percent difference between the original calibration and the modified 

calibration with 3.66% as the total nitrogen decreased from 935 kg/yr-km to 901 

kg/yr-km.  

0

10

20

30

40

50

60

70

Banana River, May 2015 Eau Gallie, June 2014 River Walk, July 2014

T
o

ta
l 
P

h
o

sp
h

o
ru

s 
 (

k
g
/y

ea
r-

k
m

)

Original Calibration Modified Calibration



65 

 

Unlike in Table 13 where Banana River experienced the largest decrease in the 

total nitrogen load, in Table 14 Banana River shows the smallest decrease in the 

total phosphorus load resulting in a percent difference of 13.33%. The original 

calibration had a total phosphorus value of 8 kg/yr-km, while the modified 

calibration had a total phosphorus load of 7 kg/yr-km. The Eau Gallie transect 

showed second largest percent decrease in total phosphorus load between the 

original calibration and modified calibration with 14.81% as the total phosphorus 

decreased from 29 kg/yr-km to 25 kg/yr-km. The River Walk transect was the only 

model to show an increase in the total phosphorus load as it increased from the 

original calibration value of 56 kg/yr-km to 66 kg/yr-km for the modified 

calibration. This increase in the total phosphorus resulted in the largest percent 

difference of 16.39% showing the largest change between each of the three study 

sites for the original calibration and modified calibration comparison.  

No recharge vs minimum and maximum recharge  

After the estimated groundwater seepage values were determined from the 

calibrated models with minimum and maximum recharge, the total nutrient loads 

were determined. Again, the study focused on the total nitrogen and total 

phosphorus loads. The total nitrogen loads along with the percent differences 

between the no recharge loads and the loads from the two recharge rates are shown 

in Table 15. Table 16 shows the total phosphorus loads along with the percent 

differences. The visual representation for the total nitrogen loads is shown in Figure 

22, while the phosphorus loads visual representation is shown in Figure 23.  
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Table 15: Total Nitrogen Loads at Three Transects using Modified 

Calibration with Recharge Included 

Transect 
Visit 

Date 

Recharge 

(m3/day-m) 

Total Nitrogen Loads 
% Diff 

kg/day-m kg/yr-km 

Banana 

River 

May 

2015 

NR - 1.58E-04 58 - 

Qmin 3.77E-06 1.63E-04 60 3.39% 

Qmax 1.15E-05 1.83E-04 67 14.40% 

Eau 

Gallie 

June 

2014 

NR - 5.42E-04 198 - 

Qmin 5.66E-06 5.46E-04 204 2.99% 

Qmax 1.24E-05 5.79E-04 211 6.36% 

River 

Walk 

July 

2014 

NR - 2.47E-03 901 - 

Qmin 4.82E-06 2.51E-03 918 1.87% 

Qmax 1.43E-05 2.53E-03 925 2.63% 

 

Notes: 

NR: no recharge 

Qmin: the minimum estimated recharge via the Hawthorn Formation 

Qmax: the maximum estimated recharge via the Hawthorn Formation  

m3/day-m implies cubic meter per day per meter of lagoon shoreline 

kg/day-m implies kg per day per meter of lagoon shoreline 

kg/yr-km implies kg per year per kilometer of lagoon shoreline 

% Diff: percent difference calculated compared to no recharge 
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Table 16: Total Phosphorus Loads at Three Transects using Modified 

Calibration with Recharge Included 

Transect 
Visit 

Date 

Recharge  

(m3/day-m) 

Total Phosphorus 

Loads % Diff 

kg/day-m kg/yr-km 

Banana 

River 

May 

2015 

NR - 2.03E-05 7 - 

Qmin 3.77E-06 2.10E-05 8 13.33% 

Qmax 1.15E-05 2.26E-05 8 13.33% 

Eau 

Gallie 

June 

2014 

NR - 6.76E-05 25 - 

Qmin 5.66E-06 6.84E-05 26 3.92 

Qmax 1.24E-05 7.45E-05 27 7.69% 

River 

Walk 

July 

2014 

NR - 1.81E-04 66 - 

Qmin 4.82E-06 1.82E-04 66 0.00% 

Qmax 1.43E-05 1.86E-04 68 2.99% 

 

Notes: 

NR: no recharge 

Qmin: the minimum estimated recharge via the Hawthorn Formation 

Qmax: the maximum estimated recharge via the Hawthorn Formation  

m3/day-m implies cubic meter per day per meter of lagoon shoreline 

kg/day-m implies kg per day per meter of lagoon shoreline 

kg/yr-km implies kg per year per kilometer of lagoon shoreline 

% Diff: percent difference calculated compared to no recharge 
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Figure 22: Total Nitrogen Loads at Three Transects using Modified 

Calibration with Recharge Included 

 

 

 

Figure 23: Total Phosphorus Loads at Three Transects using Modified 

Calibration with Recharge Included 
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Both Table 15 and Table 16 showed an increase in nutrient loads when the recharge 

rates were added to each transect. When looking at the total nitrogen loads with 

recharge added in Table 15, the Banana River transect shows the largest overall 

percent increase when the recharge rates were added. Qmin had a percent increase of 

3.39% as the total nitrogen increased from 58 kg/yr-km to 60 kg/yr-km and Qmax 

had a percent increase of 14.40% as the total nitrogen increased from 58 kg/yr-km 

to 67 kg/yr-km. The Eau Gallie transect showed the second largest increase in total 

nitrogen when both Qmin and Qmax were added as Qmin increased from 198 kg/yr-km 

to 204 kg/yr-km resulting in a percent difference of 2.99%. When Qmax was added, 

the total nitrogen increased from 198 kg/yr-km to 211 kg/yr-km resulting in a 

percent increase of 6.36%. River Walk showed the smallest overall percent increase 

in total nitrogen loads. When Qmin was added, the total nitrogen increased from 901 

kg/yr-km to 918 kg/yr-km resulting in a percent increase of 1.87%. When Qmax was 

added, the total nitrogen load increased from 901 kg/yr-km to 925 kg/yr-km 

resulting in a percent increase of 2.63%.  

The total phosphorus loads shown in Table 16 demonstrated the same general trend 

as the total nitrogen loads shown in Table 15. The Banana River transect 

experienced the largest increase in nutrient loads with Eau Gallie showing the 

second largest and River Walk showing the smallest increase. However, Banana 

River was the only transect to reveal no increase between the two recharge rates 

when compared to the no recharge scenario. When the Qmin and Qmax were added to 

the Banana River models, the total phosphorus loads changed from 7 kg/yr-km for 

the no recharge to 8 kg/yr-km for both recharge rates resulting in a percent 

difference of 13.33%. When Qmin was added to the Eau Gallie transect, the total 

phosphorus increased from 25 kg/yr-km to 26 kg/yr-km resulting in a percent 

increase of 3.92%. When Qmax was added, the total phosphorus load increased from 

25 kg/yr-km to 27 kg/yr-km resulting in a percent increase of 7.69%. The River 
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Walk transect was the only model to exhibit no change in total phosphorus when 

Qmin was added as the load value remained the same at 66 kg/yr-km. However, 

when Qmax was added, the total phosphorus did increase from 66 kg/yr-km to 68 

kg/yr-km resulting in a percent increase of 2.99%. 

Eau Gallie slug test model vs modified no recharge model 

The total nutrient loads were also determined for the Eau Gallie slug test model 

created from the variable Kx values and compared to the modified calibrated Eau 

Gallie model that used a single Kx value of 20 m/day. Table 17 shows the total 

nitrogen loads and Table 18 shows the total phosphorus loads for both models.  

 

Table 17:  Total Nitrogen Loads for Changes in Kx Values at the Eau Gallie 

Transect  

Kx 

Values 

(m/day) 

Total Nitrogen Loads 
% Diff 

kg/day-m kg/yr-km 

20 5.42E-04 198 - 

Variable 4.87E-04 178 10.57% 

 

Notes: 

m3/day-m implies cubic meter per day per meter of lagoon shoreline 

m3/yr-m implies cubic meter per year per meter of lagoon shoreline 

% Diff: percent difference calculated comparing the Kx = 20 m/day to the variable 

Kx 
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Table 18: Total Phosphorus Loads for Changes in Kx Values at the Eau Gallie 

Transect 

Kx 

Values 

(m/day) 

Total Phosphorus Loads 
% Diff 

kg/day-m kg/yr-km 

20 6.76E-04 25 - 

Variable 6.21E-04 23 8.41% 

 

Notes: 

m3/day-m implies cubic meter per day per meter of lagoon shoreline 

m3/yr-m implies cubic meter per year per meter of lagoon shoreline 

% Diff: percent difference calculated comparing the Kx = 20 m/day to the variable 

Kx 

 

 

Tables 17 and 18 show the variable Kx Eau Gallie model producing smaller total 

nutrient load values when compared to the single Kx value model. The total 

nitrogen load for the variable Kx Eau Gallie model was 10.57% lower than the 

single Kx value as the nitrogen load decreased from 198 kg/yr-km to 178 kg/yr-km. 

The phosphorus load saw the same decrease occur as the variable Kx model showed 

a total phosphorus load that was 8.41% lower than the single Kx value as the 

phosphorus load decreased from 25 kg/yr-km to 23 kg/yr-km.
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Chapter 6 

Groundwater Flow Directions and Saltwater 

Distributions   

Groundwater Flow Directions  

The direction of flow was determined at each of the three transects of Banana 

River, Eau Gallie, and River Walk for the no recharge and the two recharge 

scenarios. This was done by using SEAWAT as it predicted the flow directions of 

each transect in the unconfined aquifer. Figures 24-26 show the groundwater flow 

directions for Banana River, Eau Gallie, and River Walk, respectively under no 

recharge and with recharge conditions.  
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Figure 24: Model Predicted Groundwater Flow Directions in the Unconfined 

Aquifer below the Banana River Transect on May 2015: a) no recharge 

condition; b) minimum recharge (Qmin) condition; c) maximum recharge 

(Qmax) condition 
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Figure 25: Model Predicted Groundwater Flow Directions in the Unconfined 

Aquifer below the Eau Gallie Transect on June 2014: a) no recharge 

condition; b) minimum recharge (Qmin) condition; c) maximum recharge 

(Qmax) condition 



75 

 

 

 

 

 

 

 

Figure 26: Model Predicted Groundwater Flow Directions in the Unconfined 

Aquifer below the River Walk Transect on July 2014: a) no recharge 

condition; b) minimum recharge (Qmin) condition; c) maximum recharge 

(Qmax) condition 
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In each of the three transects, the flow directions move increasingly upward as the 

recharge rates are applied, meaning the upward movement of flow into the lagoon 

increases as the recharge rate increased. The three transects also show the flow 

coming from the west side of the IRL, which was considered to be the mainland. 

Pandit and El-Khazen (1990) mentioned that the bulk of the groundwater seepage 

that goes into the IRL comes from the watershed located on the west side of the 

IRL.  Pandit and El-Khazen (1990) also suggested that the barrier islands, the land 

area to the east of the IRL, also provided some seepage coming into the IRL. This 

is shown in flow directions produced by the Banana River and Eau Gallie transects 

(Figures 24 and 25). The River Walk transect (Figure 26) does not show this as the 

barrier island area in the model was extremely small and thus a large majority of 

the seepage going into the IRL is provided by the mainland. The Banana River and 

Eau Gallie model flow directions also show a mixing or circulation of flow 

occurring between the seepage from the barrier island and the salt water from the 

Atlantic Ocean. This circulation between the barrier island seepage and the ocean 

water increases with the addition of recharge coming into the unconfined aquifer 

from the Floridian Aquifer via the Hawthorn Formation. 

Salinity Distribution  

Similar to the flow directions predicted by using SEAWAT, the salinity 

distributions at each of the three transects of Banana River, Eau Gallie, and River 

Walk for the no recharge and the two recharge scenarios were also predicted in the 

unconfined aquifer. The salinity distributions are shown in Figures 27-29 for the 

Banana River, Eau Gallie, and River Walk models, respectively.  
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Figure 27: Model Predicted Salinity Distribution in the Unconfined Aquifer 

below the Banana River Transect on May 2015: a) no recharge condition; b) 

minimum recharge (Qmin) condition; c) maximum recharge (Qmax) condition 
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Figure 28: Model Predicted Salinity Distribution in the Unconfined Aquifer 

below the Eau Gallie Transect on June 2014: a) no recharge condition; b) 

minimum recharge (Qmin) condition; c) maximum recharge (Qmax) condition 
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Figure 29: Model Predicted Salinity Distribution in the Unconfined Aquifer 

below the River Walk Transect on July 2014: a) no recharge condition; b) 

minimum recharge (Qmin) condition; c) maximum recharge (Qmax) condition 
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The first thing to notice from the model predicted salinity distributions for each 

transect is that there is a slight change in the salinity distribution when the two 

recharge rates are applied to each transect. This shows that the recharge rates 

coming from the Floridian Aquifer via the Hawthorn Formation have an impact on 

the way the salinity is distributed in the unconfined aquifer beneath the IRL. The 

model predicted salinity distributions show the circulation between the freshwater 

and the Atlantic Ocean for the Banana River and Eau Gallie models shown in 

Figures 27 and 28, respectively. This circulation between freshwater and ocean 

water was explained earlier when the flow directions for both the Banana River and 

Eau Gallie models were shown in Figures 24 and 25. Although the Banana River 

and the Eau Gallie models show the circulation between the ocean water and 

freshwater, both models still show a lower salinity distribution beneath the 

unconfined aquifer than the River Walk model. The River Walk model (Figure 29) 

shows the larger salinity distribution values beneath the unconfined aquifer as its 

largest salinity contour value is 0.85 normalized salinity concentration, while the 

Banana River and Eau Gallie models show the largest normalized salinity 

concentration values being 0.65 and 0.70, respectively.  
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Chapter 7 

Conclusions 

Application of Recharge Rates 

From the data provided by the SJRWMD, it was possible to determine that there 

was some recharge coming from the Florida Aquifer into the unconfined aquifer 

via the Hawthorn Formation. The data was used to estimate the minimum and 

maximum possible recharges at the Banana River, Eau Gallie, Mims, Mosquito 

Lagoon and River Walk transects. However, the recharge rates for the Mims and 

Mosquito Lagoon transects were not used as the permeability values provided 

reflected those of the Floridian Aquifer and not the Hawthorn Formation.  

Improvement of Statistical Analysis Results 

Three statistical analysis test were completed for each of the three transect 

SEAWAT models. The three test were the RMSE, the two-sided test, and the NSE 

index. The original calibrated models used only the monitoring wells located at 

each of the transects for Banana River, Eau Gallie, and River Walk. Overall, the 

statistical analysis values for each of the three models for both the dh and dh/dl 

comparisons were improved when the method of adding additional points based off 

the inverse weighted distance interpolation from the field measured freshwater 

hydraulic head distributions was used. The three statistical analysis methods were 

used because no single statistical test could be considered accurate.  
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The RMSE is generally accepted when it produces low values, however, the low 

values depend on the units being used and as a result could not be used on its own 

to determine the accuracy of the models. The two-sided test was used to test the 

null hypothesis, which stated that the means of the model-predicted and measured 

nodal freshwater hydraulic head values at the monitoring well locations with the 

additional points were statistically equal. This test had its limitations in that if the 

test was not rejected it did not necessarily mean the hypothesis was correct more 

that there was not sufficient evidence to reject it. Then there was the NSE analysis 

which is widely used for assessing the goodness of fit of groundwater models and 

has values that range from negative infinity to one with one indicating a perfect fit 

between the predicted and observed values. With these three statistical analysis 

methods being used together as opposed of being used individually to determine 

the accuracy of a model, the modified calibrations were proven to show much 

improved calibration results as well as visual comparisons for the three transect 

models of Banana River, Eau Gallie, and River Walk.  

Slug Test at Eau Gallie   

Two slug test were conducted at eight monitoring well locations at the Eau Gallie 

Transect. The first test date saw the wells monitoring wells being tested once and 

the second was done three times per monitoring well. The lateral hydraulic 

conductivity values determined from these slug test ranged from 0.01 m/day to 

13.90 m/day. This range is much smaller than the reported value of 20 m/day that 

was being used for the Eau Gallie models. The field measured Kx values were 

applied to an Eau Gallie model. The model would then be calibrated using the 

process of adding additional points from field measured data.  
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Estimated Groundwater Seepages Comparison  

A comparison of groundwater seepages between the original calibrated models and 

the modified calibrated was completed. The Banana River transect was the only site 

to show a decrease in percent when comparing the seepages between the original 

calibration and the modified calibration with a percent difference of 11.11%. Both 

the Eau Gallie and River Walk transects saw an increase in the modified calibration 

seepages of 9.00% and 5.86% respectively when comparing to the original 

calibrations.  

A comparison of groundwater seepages between the no recharge modified 

calibration and the two recharge cases of Qmin and Qmax was completed. When Qmin 

was added to the Banana River, Eau Gallie, and River Walk transects, there was a 

percent increase of 3.85%, 2.22%, and 0.89%, respectively when compared to the 

no recharge case. When Qmax was modeled, it resulted in seepages into the IRL 

being 9.35%, 4.40%, and 2.37% greater than those under no recharge conditions for 

Banana River, Eau Gallie, and River Walk, respectively. This reveals that the 

recharge via the Hawthorn Formation will not have a large impact on the 

groundwater seepages into the IRL as there was no case with more than a 10% 

increase.  

The groundwater seepages between the slug test variable Kx and the 20 m/day Kx 

value for the Eau Gallie models were compared. The variable Kx values produced a 

seepage value that was 11.60% lower than the single Kx value of 20 m/day. This 

reveals that having a variable Kx value as opposed to a single Kx value does have an 

effect on the groundwater seepages into the IRL. 
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Estimated Groundwater Loads Comparison  

The nutrient loads were estimated from the groundwater seepage values. The total 

nutrient loads consisted of total nitrogen and total phosphorus. A comparison of 

total nitrogen and total phosphorus between the original calibrated models and the 

modified calibrated was completed. The percent differences between the original 

calibrated models and the modified calibrated models for the total nitrogen loads 

showed a decrease of 13.50%, 2.17%, and 3.66% from the original calibration for 

the Banana River, Eau Gallie, and River Walk transects, respectively. A similar 

trend was seen for the total phosphorus loads as both Banana River and Eau Gallie 

showed decreases of 2.17% and 14.81%. The River Walk transect was the only 

model to show an increase in the total phosphorus of 16.39% 

A comparison of the total nitrogen and total phosphorus loads between the no 

recharge modified calibration and the two recharge cases of Qmin and Qmax was 

completed. When Qmin was added to the Banana River, Eau Gallie, and River Walk 

transects, there was a percent increase in total nitrogen of 3.39%, 2.99%, and 

1.87%, respectively when compared to the no recharge case. The total phosphorus 

loads saw similar results as Banana River had an increase of 13.33% and Eau 

Gallie had an increase of 3.92%. However, River Walk had no change when the 

Qmin was added. When Qmax was modeled, it resulted in the total nitrogen loads 

being 14.40%, 6.36%, and 2.63% greater than those under no recharge conditions 

for Banana River, Eau Gallie, and River Walk, respectively. The total phosphorus 

loads showed similar results for Eau Gallie and River Walk as there were increases 

when Qmax was added of 3.92% and 2.99%, respectively. Although the Banana 

River transect saw an increase of 13.33% when the Qmax was added, the total 

phosphorus is still the same value as when the Qmin was modeled. These results 

reveal that the recharge via the Hawthorn Formation will not have a large impact on 
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the total nitrogen and total phosphorus loads as all but one case had an increase less 

than 10%.  

The total nitrogen and phosphorus loads between the slug test variable Kx and the 

20 m/day Kx value for the Eau Gallie models were compared. The variable Kx 

values produced total nitrogen and phosphorus loads that were less than the single 

Kx value model. The total nitrogen load was 10.57% less and the total phosphorus 

load was 8.41% less. Therefore, showing that having a variable Kx value as 

opposed to a single Kx value does make a difference in the total nutrient loads 

coming into the IRL. 

Flow Directions and Salinity Distribution  

The direction of flow and salinity distribution for each of the three transects of 

Banana River, Eau Gallie, and River Walk were determined using SEAWAT. The 

flow directions showed that a majority of the seepage coming into the IRL was 

from the mainland for each of the transects. The direction of flow for each of the 

three transects became more upward when the recharge conditions were modeled. 

The flow directions also showed that in the Banana River and Eau Gallie transects 

there was a circulation or mixing of groundwater occurring between the seepage 

from the barrier island and the Atlantic Ocean water.  

The model predicted salinity distributions was shown for each of the three transects 

of Banana River, Eau Gallie, and River Walk. The salinity distributions showed 

that the recharge rates would have a slight impact in the manner in which the 

salinity was distributed. The Banana River and Eau Gallie models salinity 

distributions showed the area in which the freshwater and the ocean water from the 

Atlantic Ocean mixed. However, even with the circulation of freshwater and ocean 

water the Banana River and Eau Gallie models showed a smaller salinity contour 
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than the River Walk model. The River Walk model showed the largest salinity 

contour being distributed to the unconfined aquifer as it had a normalized salinity 

contour value of 0.85, while the Banana River and Eau Gallie models had values of 

0.65 and 0.70, respectively.  
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Appendix A 

Data from SJRWMD Showing Possible Recharge via 

Hawthorn Formation   

 

Figure A1: Contours showing the potentiometric surface of the Floridian Aquifer at 

the five study transect 
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Figure A2: Contours showing the top of Hawthorn Formation at the Banana 

River Transect 
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Figure A3: Contours showing the top of Hawthorn Formation at the Eau 

Gallie Transect 
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Figure A4: Contours showing the top of Hawthorn Formation at the Mims 

Transect 
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Figure A5: Contour showing the top of Hawthorn Formation at the Mosquito 

Lagoon Transect 
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Figure A6: Contours showing the tip of Hawthorn Formation at the River 

Walk Transect 
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Figure A7: Contours showing thickness of the Hawthorn Formation at the 

Banana River Transect 
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Figure A8: Contours showing thickness of the Hawthorn Formation at the Eau 

Gallie Transect 
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Figure A9: Contours showing thickness of the Hawthorn Formation at the 

Mims Transect 
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Figure A10: Contours showing thickness of Hawthorn Formation at the 

Mosquito Lagoon Transect 



100 

 

 

Figure A11: Contours showing thickness of the Hawthorn Formation at the 

River Walk Transect 
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Figure A12: USGS well locations near the study sites; well information was 

used to estimate the permeability of the Hawthorn Formation 
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Figure A13: Color map showing chloride concentrations from Floridian 

Aquifer at the five study transects 
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 Appendix B  

Slug Test at Eau Gallie Transect  

The individual tables used to calculate the Kx values at each monitoring well 

location are shown in Tables B1-B20. A value of N/A means the Kx value at the 

monitoring well location could not be estimated as the well recharged too quickly. 

Figure B1 shows the rising head test layout used to calculate the Kx values.  

 

Figure B 1: Rising Head Test Layout 

Where 𝐻𝑖 is the distance from the arbitrary datum to the original free surface in the 

well, 𝑑𝑖 is the distance from the top of casing to the original free surface in the well 

prior to slug removed, 𝐻0 is the water Level at t = 0 from an arbitrary datum, 𝑑0 is 

the distance from the top of casing to the free surface after a slug has been removed 

at t = 0, 𝑦0 is the initial drop in water level due to removal of water, ℎ is the 

distance an arbitrary datum to the free surface in the well at any given time t, 𝑑𝑡 is 

the distance from the top of casing to measured water level at any given time t, 𝐿 is 

the screen length, and 𝑟 is the radius of well.
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Table B1: Rising Head Test for the Eau Gallie Transect (WS-S) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 1.6 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.5 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.5 

Distance from TOC for original water table, di (ft) 1.1  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 1.6 1.6 9.5 1 0.0000      

8.32   1.26 9.84 3.125 1.1394 0.000255 22.00 6.71 

17.71   1.14 9.96 12.5 2.5257 0.000265 22.91 6.99 

35.79   1.1 10         

          Average 0.000260 22.46 6.85 
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Table B2: Rising Head Test for the Eau Gallie Transect (WS-D) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 1.98 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.94 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.06 

Distance from TOC for original water table, di (ft) 1.04  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 1.98 1.98 9.06 1 0.0000      

2   1.04 10 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

          Average N/A N/A N/A 
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Table B3: Rising Head Test for the Eau Gallie Transect (WS-XD) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 1.5 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.46 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.54 

Distance from TOC for original water table, di (ft) 1.04  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 1.5 1.5 9.54 1 0.0000      

2.78   1.3 9.74 1.77 0.5705 0.000382 32.97 10.05 

8.15   1.12 9.92 5.75 1.7492 0.000399 34.48 10.51 

20.25   1.04 10         

          Average 0.00039 33.73 10.28 
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Table B4: Rising Head Test for the Eau Gallie Transect (MW2-S), Trial 1 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 8.15 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 4.42 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 5.58 

Distance from TOC for original water table, di (ft) 3.73  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 8.15 8.15 5.58 1.00 0.0000      

10   7.00 6.73 1.35 0.3013 0.000056 4.84 1.48 

25   6.00 7.73 1.95 0.6664 0.000050 4.28 1.31 

35   5.50 8.23 2.50 0.9152 0.000049 4.20 1.28 

48  5.00 8.73 3.48 1.2471 0.000048 4.17 1.27 
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Table B5: Rising Head Test for the Eau Gallie Transect (MW2-S), Trial 1 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

66 8.18 4.50 9.23 5.74 1.7475 0.000049 4.25 1.30 

102  4.00 9.73 16.37 2.7955 0.000051 4.40 1.34 

153   3.85 9.88 36.83 3.6064 0.000044 3.79 1.15 

     Average 0.000050 4.28 1.30 
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Table B5: Rising Head Test for the Eau Gallie Transect (MW2-S), Trial 2 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 6.80 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 3.07 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 6.93 

Distance from TOC for original water table, di (ft) 3.73  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 6.80 6.80 6.93 1.00 0.0000      

8  6.0 7.73 1.35 0.3019 0.000070 6.06 1.85 

16  5.50 8.23 1.73 0.5507 0.000064 5.53 1.69 

27  5.00 8.73 2.42 0.8827 0.000061 5.25 1.60 

42  4.50 9.23 3.99 1.3830 0.000061 5.29 1.61 
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Table B5: Rising Head Test for the Eau Gallie Transect (MW2-S), Trial 2 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

80 6.8 4 9.73 11.37 2.4310 0.000057 4.88 1.49 

133  3.85 9.88 25.58 3.2419 0.000045 3.92 1.19 

     Average 0.000060 5.16 1.57 
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Table B6: Rising Head Test for the Eau Gallie Transect (MW2-S), Trial 3 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 6.40 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 2.67 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 7.33 

Distance from TOC for original water table, di (ft) 3.73  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 6.40 6.40 7.33 1.00 0.0000      

11  5.20 8.53 1.82 0.5968 0.000101 8.72 2.66 

30  4.50 9.23 3.47 1.2434 0.000077 6.66 2.03 

45  4.20 9.53 5.68 1.7371 0.000072 6.20 1.89 

65  4.00 9.73 9.89 2.2914 0.000066 5.66 1.73 
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Table B6: Rising Head Test for the Eau Gallie Transect (MW2-S), Trial 3 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

106 6.40 3.85 9.88 22.25 3.1023 0.000054 4.70 1.43 

     Average 0.000074 6.39 1.95 
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Table B7: Rising Head Test for the Eau Gallie Transect (MW2-D) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 15.25 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 11.85 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 15 Water Level at t = 0, H0 (ft) = 3.15 

Distance from TOC for original water table, di (ft) 3.40  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 15.25 15.25 3.15 1.00 0.0000      

56  15.11 3.29 1.01 0.0119 0.0000004 0.03 0.01 

132  14.97 3.43 1.02 0.0239 0.0000003 0.03 0.01 

229  14.84 3.56 1.04 0.0352 0.0000003 0.02 0.01 

323  14.68 3.72 1.05 0.0493 0.0000003 0.03 0.01 
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Table B7: Rising Head Test for the Eau Gallie Transect (MW2-D), (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

471 15.25 14.40 4.00 1.08 0.0744 0.0000003 0.03 0.01 

632  14.16 4.24 1.10 0.0965 0.0000003 0.02 0.01 

     Average 0.0000003 0.03 0.01 

 
  



 

 1
1
5
 

Table B8: Rising Head Test for the Eau Gallie Transect (MW3-S) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 17.80 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 13.75 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 15 Water Level at t = 0, H0 (ft) = 1.25 

Distance from TOC for original water table, di (ft) 4.05  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 17.80 17.80 1.25 1.00 0.0000      

346.80  10.40 8.65 2.17 0.7726 0.000004 0.36 0.11 

371.49  10.00 9.05 2.31 0.8376 0.000004 0.36 0.11 

583.88  8.04 11.01 3.45 1.2372 0.000004 0.34 0.10 

805.61  6.75 12.30 5.09 1.6278 0.000004 0.32 0.10 

     Average 0.0000004 0.35 0.11 
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Table B9: Rising Head Test for the Eau Gallie Transect (MW4-S), Trial 1 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 3.00 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 1.38 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 8.62 

Distance from TOC for original water table, di (ft) 1.62  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 3.00 3.00 8.62 1.00 0.0000    

18  2.30 9.32 2.03 0.7077 0.000073 6.32 1.93 

34  1.95 9.67 4.18 1.4307 0.000078 6.76 2.06 

54  1.75 9.87 10.62 2.3623 0.000081 7.03 2.14 

69  1.65 9.97 46.00 3.8286 0.000103 8.91 2.72 

     Average 0.000084 7.26 2.21 
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Table B10: Rising Head Test for the Eau Gallie Transect (MW4-S), Trial 2 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 4.00 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 2.38 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 7.62 

Distance from TOC for original water table, di (ft) 1.62  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 4.00 4.00 7.62 1.00 0.0000    

14  2.70 8.92 2.20 0.7901 0.000105 9.07 2.76 

27  2.20 9.42 4.10 1.4118 0.000097 8.40 2.56 

51  1.80 9.82 13.22 2.5819 0.000094 8.13 2.48 

84  1.65 9.97 79.33 4.3737 0.000097 8.37 2.55 

     Average 0.000098 8.49 2.59 
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Table B11: Rising Head Test for the Eau Gallie Transect (MW4-S), Trial 3 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 4.35 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 2.73 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 7.27 

Distance from TOC for original water table, di (ft) 1.62  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 4.35 4.35 7.27 1.00 0.0000      

5  3.75 7.87 1.28 0.2482 0.000092 7.97 2.43 

11  3.20 8.42 1.73 0.5469 0.000092 7.99 2.44 

20  2.60 9.02 2.79 1.0245 0.000095 8.23 2.51 

32  2.20 9.42 4.71 1.5490 0.000090 7.78 2.37 
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Table B11: Rising Head Test for the Eau Gallie Transect (MW4-S), Trial 3 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

40 4.35 2.00 9.62 7.18 1.9719 0.000092 7.92 2.41 

57  1.80 9.82 15.17 2.7191 0.000089 7.66 2.34 

81  1.65 9.97 91.00 4.5109 0.000104 8.95 2.73 

     Average 0.000074 8.07 2.46 
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Table B12: Rising Head Test for the Eau Gallie Transect (MW4-D), Trial 1 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 8.50 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 6.60 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 3.40 

Distance from TOC for original water table, di (ft) 1.90  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 8.50 8.50 3.40 1.00 0.0000      

6  7.50 4.40 1.18 0.1643 0.000051 4.40 1.34 

16  6.50 5.40 1.43 0.3610 0.000042 3.63 1.11 

32  5.50 6.40 1.83 0.6061 0.000034 3.04 0.93 

51  4.50 7.40 2.54 0.9316 0.000033 2.93 0.89 
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Table B12: Rising Head Test for the Eau Gallie Transect (MW4-D), Trial 1 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

79 8.50 3.50 8.40 4.13 1.4171 0.000033 2.88 0.88 

100  3.00 8.90 6.00 1.7918 0.000033 2.88 0.88 

141  2.50 9.40 11.00 2.3979 0.000032 2.73 0.83 

170  2.10 9.80 33.00 3.4965 0.000038 3.30 1.01 

     Average 0.000037 3.22 0.98 
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Table B13: Rising Head Test for the Eau Gallie Transect (MW4-D), Trial 2 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 8.70 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 6.80 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 3.20 

Distance from TOC for original water table, di (ft) 1.90  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 8.70 8.70 3.20 1.00 0.0000      

6  8.00 3.90 1.11 0.1086 0.000034 2.91 0.89 

15  7.00 4.90 1.33 0.2877 0.000036 3.08 0.94 

28  6.00 5.90 1.66 0.5059 0.000034 2.90 0.89 

45  5.00 6.90 2.19 0.7855 0.000032 2.80 0.86 
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Table B13: Rising Head Test for the Eau Gallie Transect (MW4-D), Trial 2 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

67 8.70 4.00 7.90 3.24 1.1750 0.000033 2.82 0.86 

82  3.50 8.40 4.25 1.4469 0.000033 2.83 0.86 

103  3.00 8.90 6.18 1.8216 0.000033 2.84 0.87 

113  2.50 9.40 11.33 2.4277 0.000034 2.93 0.89 

175  2.10 9.80 34.00 3.5264 0.000037 3.24 0.99 

     Average 0.000034 2.93 0.89 
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Table B14: Rising Head Test for the Eau Gallie Transect (MW4-D), Trial 3 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 8.80 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 6.90 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 3.10 

Distance from TOC for original water table, di (ft) 1.90  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 8.80 8.80 3.10 1.00 0.0000      

7  8.00 3.90 1.13 0.1232 0.000033 2.83 0.86 

17  7.00 4.90 1.35 0.3023 0.000033 2.86 0.87 

30  6.00 5.90 1.68 0.5205 0.000032 2.79 0.85 

46  5.00 6.90 2.23 0.8001 0.000032 2.79 0.85 
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Table B14: Rising Head Test for the Eau Gallie Transect (MW4-D), Trial 3 (continued) 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

69 8.80 4.00 7.90 3.29 1.1896 0.000032 2.77 0.84 

104  3.00 8.90 6.27 1.8362 0.000033 2.84 0.86 

135  2.50 9.40 11.50 2.4423 0.000034 2.91 0.89 

167  2.20 9.70 23.00 3.1355 0.000035 3.02 0.92 

     Average 0.000033 2.85 0.87 
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Table B15: Rising Head Test for the Eau Gallie Transect (MW5-S) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 4.30 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.88 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.12 

Distance from TOC for original water table, di (ft) 3.42  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 4.30 4.30 9.12 1.00 0.0000      

6  3.42 10 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

      Average N/A N/A N/A 
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Table B16: Rising Head Test for the Eau Gallie Transect (MW5-D), Trial 1 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 3.48 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.06 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.94 

Distance from TOC for original water table, di (ft) 3.42  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 3.48 3.48 9.94 1.00 0.0000      

15  3.43 9.99 6.00 1.7918 0.000222 19.19 5.85 

      Average 0.000222 19.19 5.85 
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Table B17: Rising Head Test for the Eau Gallie Transect (MW5-D), Trial 2 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 3.78 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.36 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.64 

Distance from TOC for original water table, di (ft) 3.42  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 3.78 3.78 9.64 1.00 0.0000      

8  3.42 10 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

      Average N/A N/A N/A 
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Table B18: Rising Head Test for the Eau Gallie Transect (MW5-D), Trial 3 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 3.78 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.36 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.64 

Distance from TOC for original water table, di (ft) 3.42  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 3.78 3.78 9.64 1.00 0.0000      

8  3.43 9.99 36.00 3.5835 0.000833 71.97 21.94 

      Average 0.000833 71.97 21.94 
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Table B19: Rising Head Test for the Eau Gallie Transect (ES-S) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 3.50 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.52 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.48 

Distance from TOC for original water table, di (ft) 2.98  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 3.50 3.50 9.48 1.00 0.0000      

1  2.98 10 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

      Average N/A N/A N/A 
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Table B20: Rising Head Test for the Eau Gallie Transect (ES-D) 

Given        

Screen Length, L (ft) = 0.875 Distance from TOC (d0) at t = 0 (ft) 3.45 

Well Radius, r (ft) = 0.03125 Initial drop in water level, y0 (ft) 0.45 

Initial Water Level from arbitrary datum (assumed), Hi (ft) = 10 Water Level at t = 0, H0 (ft) = 9.55 

Distance from TOC for original water table, di (ft) 3.00  
 

Calculations    

Ratio L/r =     28 

Shape Factor, F (ft) =  1.65 

Borehole Area, A (ft^2) =  0.0031 

Time distance distance   Diff LN Y K K K 

(s) from TOC from TOC           

  (d0) (dt) (h) Y = (Hi - H0)/(Hi - h)        

  ft ft ft ft   ft/s ft/day m/day 

0 3.45 3.45 9.55 1.00 0.0000      

1  3.00 10 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

      Average N/A N/A N/A 
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Appendix C 

Numerical Model Validation  

Validation of the numerical models was done by using the same calibrated 

parameters of vertical hydraulic conductivity for different test dates. The visual 

comparisons of the validated models for the Banana River, Eau Gallie, and River 

Walk transects are shown in Figures C1-C3, respectively. The statistical analysis 

conducted for the validated models are shown in Table C1. Table C1 shows the 

comparison between the modified calibrated models and the validation models. The 

test dates of May 2015, June 2014, and July 2014 for Banana River, Eau Gallie, 

and River Walk, respectively represent the modified calibrated models. The test 

dates of July 2014, September 2014, and June 2015 for Banana River, Eau Gallie, 

and River Walk, respectively represent the validated models.  
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Figure C1: Banana River Transect, Model Validation July 2014: a) Field 

measured freshwater hydraulic head distribution below the IRL; b) Predicted 

hydraulic head contours below IRL for modified calibration 
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Figure C2: Eau Gallie Transect, Model Validation September 2014: a) Field 

measured freshwater hydraulic head distribution below the IRL; b) Predicted 

hydraulic head contours below IRL for modified calibration 
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Figure C3: River Walk Transect, Model Validation June 2015: a) Field 

measured freshwater hydraulic head distribution below the IRL; b) Predicted 

hydraulic head contours below IRL for modified calibration 
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Table C 1: Statistical Analysis for Validation Models Under dh Comparison  

 dh dh/dl 

Transect 

Name 

Model 

Date 

Number 

of Points 

Visual 

Comparison 

RMSE 

(m) 

Two-sided 

Testa 

NSE 

index 

RMSE 

(m) 

Two-sided 

Testa 

NSE 

index 

Banana 

River 

May 2015 35 Good 0.048 DNR 0.50 0.019 R -2.72 

July 2014 35 Fair 0.059 DNR 0.21 0.028 R -1.65 

Eau 

Gallie  

June 2014 35 Good 0.027 DNR 0.78 0.010 DNR 0.23 

Sept. 2014 35 Fair 0.037 DNR 0.15 0.013 R -5.93 

River 

Walk 

July 2014 38 Good 0.034 DNR 0.92 0.019 DNR 0.64 

June 2015 38 Fair 0.043 DNR 0.89 0.015 DNR 0.82 

 

 

 


