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A small body of saline rich water rests in the saturated zone between the 

foredune and the shoreline at certain beaches. This region is beneath the water 

table and the top of the fresher groundwater, known as the Upper Saline Plume 

(USP). The USP is significant because density driven flow and chemical fluxes 

between freshwater, rainwater, and seawater contribute to biogeochemical 

processes in the subterranean estuary (Duque et al. 2020). The occurrence of 

the USP has been observed along beaches that have a moderate to gentle 

slope, fine to medium grain size, and higher wave energy. The goal of this study 

was to determine if conditions for the presence of USP are consistent throughout 

different coastal beaches in southeast Florida while mapping the groundwater 
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salinity across the beach. To identify the existence and delimit the boundary 

interface of the USP in the southeastern coast of Florida, multi–depth samplers 

were designed, built, and deployed along cross-shore transects at Jupiter and 

Gulfstream Beaches in Palm Beach County, FL. Groundwater samples were 

extracted along the transects to measure specific conductance. Although this 

study did not confirm the existence of the USP in South Florida beaches, an 

intermediate zone of water that is in-between the specific conductance ranges of 

relatively freshwater and relatively salty water was identified. Furthermore, the 

size of this intermediate zone was corresponded with beach slope, showing 

larger intermediate zones for steeper slopes and vice versa. Finally, temporal 

changes in the location and morphology of this intermediate zone were also 

identified in relation to a distinct disturbance event (Hurricane Isaias) which 

resulted in elevated ocean water levels. 
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1. Introduction

The Upper Saline Plume (USP) is an area between the foredune and 

shoreline at many beaches dominated by saltwater and that rests below the 

water table and above the fresh groundwater discharging into the ocean (Figure 

1). The fresh groundwater moves from inland to the coast and discharges 

offshore as submarine groundwater discharge. Once the saltwater infiltrates from 

above, it moves back out to and discharges to the ocean, full of nutrient rich 

saline water. The fresh groundwater gets funneled into a tunnel between the 

USP and the deep saline water that is offshore (Vandenbohede & Lebbe. 2006). 

The main objective of this study is to determine the existence of the USP at 

several south Florida beaches. This will be determined by comparing specific 

conductance from extracted water samples using low-cost multi-depth samplers. 

This study will also investigate whether beach slope, grain size, tidal cycles, and 

one disturbance event (hurricane Isaias) influence the spatial and temporal 

distribution of the USP.  
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Figure 1: This conceptual model shows the USP, its boundaries, the mixing zones, and the subterranean 
estuary. Typical salinity distribution with an upper saline plume (USP), the classical saltwater wedge and the 
freshwater discharge “tube” (FDT) in‐between include (1) density‐driven circulation, (2) tide‐induced 

circulation, (3) wave set‐up induced circulation, (4) local circulation due to wave‐bed form interaction, and (5) 

fresh groundwater discharge. Source: Robinson (2007). 

Chemical fluxes between freshwater, rainwater, and seawater in the 

subterranean estuary highlight the significance of the USP. The subterranean 

estuary is the zone of mixing between freshwater, rainwater, and seawater 

associated with density‐driven flow and biogeochemical processes (Duque et al. 

2020). Because beaches receive large fluxes of chemicals from inland agriculture 

and/or coastal urban areas, the flow of water from the USP back to into ocean 

can facilitate large fluxes of chemicals across the ocean-land boundary and may 

be detrimental to the health of the subterranean estuary and coastal ecosystems. 

When nutrient rich water from the UPS is released to the ocean, it increases 

eutrophication and algal blooms while decreasing the quality of ocean water 

(Davison et al., 1992; Duque et al., 2020).  
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It is likely that as sea level rises the USP will change shape and migrate 

landward, encroaching on dune flora. Coastal dunes play a major role in 

mitigating storm impacts and protecting structures and environments landward.  

High levels of salinity in the substrate have a significant negative effect on certain 

dune plants decreasing the total biomass of the flora, by degrading the strong 

root system, and thereby decreasing dune size, stability, and longevity, causing 

erosion (Feagin et al., 2015; Puijenbroek et. al., 2017).  

One of the first accounts of an upper saline plume (USP) above fresh 

groundwater was recorded in 1978 during a hydrogeological study of a dune 

region in Belgium (Lebbe, 1981). During a routine investigation of regional 

groundwater resources, a USP was identified from unexpected anomalies in the 

water quality and borehole resistivity data collected. Additional detailed resistivity 

surveys, head levels, and chemistry data were then collected, and the distribution 

of fresh and saline heads on the beach were mathematically modeled. Based on 

these efforts, Lebbe (1981) concluded that the greatest threat of saltwater 

intrusion beneath the beach dunes comes from the USP rather than the deeper 

saltwater wedge as previously expected. He also concluded that at any “slightly 

inclining coast with a permeable surface and subsurface, and meaningful tidal 

fluctuation an upper salt-water lens can be expected.” (Lebbe, 1981).    

A number of additional studies have investigated the occurrence of USPs 

and the factors that influence the presence of USPs using a combination of field 

studies, lab experiments, and mathematical modelling (Benedet, et. al 2006; 

Robinson et al. 1998; Buquet et al. 2016; Vandenbohede and Lebbe 2006).  In 
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one of the earliest field studies focused on near-shore groundwater flow in the 

United States, Robinson et al. (1998) collected salinity data from multi-level 

samplers on a Chesapeake Bay beach and identified the presence of an USP. 

Multi-level monitoring wells were installed across a transect that ran 

perpendicular to the shoreline in order to measure head and salinity levels and 

revealed a plume of a saline rich water (USP) above the fresh groundwater. It 

was concluded that in the surficial mixing zone, wave action and tides saturated 

the exposed drained sediments with saline rich water at different seasonal 

periods creating an unstable salinity gradient.     

Vandenbohede and Lebbe (2006) identified three main factors that 

contribute to the existence of a USP including: tidal range, shore morphology, 

and a permeable groundwater reservoir. Additional factors that influence the size 

and shape of the USP include, weather events, beach morphodynamics, 

underlying lithologies, and the slope of the beach. Vandenbohede and Lebbe 

(2006) also documented an upper saline plume on European Atlantic beaches 

classified as intermediate.  Intermediate beaches are characterized by a broad 

range of bar-and-trough morphologies existing between two end members of 

steep, coarse grained reflective beaches and gentle, fine-grained dissipative 

beaches (Wright and Short 1984). These morphodynamic classifications (Ω) are 

based on the relationship between breaking wave height (Hb), wave period (T), 

and fall speed (Ws):  

Ω = Hb/TWs   (Equation 1), 
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where fall speed is a function of median grain size (Benedet, et. al. 2006). The 

beaches in Palm Beach County, Florida are also classified as intermediate (Ω=1-

6).  The size and shape of the USP are dependent on the beach slope, with a 

high slope increasing the size, and a more gently sloping beach supporting a less 

prominent USP. Southeast Florida experiences a near shore slope that ranges 

from 50 to 100 degrees (Short 1996), which is indicative of an intermediate 

beach slope. 

In a more recent study, Buquet et al. (2016) used electrical resistivity 

tomography (ERT) to characterize the distribution of salinity in an aquifer 

underlying a high-energy macrotidal beach along the southwest Aquitaine coast 

in France. This location experienced higher energy waves at the beach 

compared to previous USP studies that had been conducted. ERT 

measurements constrained with piezometers were used to infer water table 

elevation and salinity measurements were obtained along shore-perpendicular 

transects from the sand dune down to the lower beach face from 2012 to 2013. 

An intertidal saline plume, with the freshwater/saltwater interface almost vertical 

to the upper beach, was found at a depth of ~5 meters. Buquet et al. (2016) 

concluded that the variations in salinity of the USP are controlled by the spring 

tide level and with these variations, the USP is a relatively stable structure that is 

constantly present. However, these conclusions were considered site dependent 

and therefore do not necessarily apply to all beaches.  

  Boufadel (2000) examined salinity distribution and groundwater flow due 

to tides at beaches using a laboratory experiment with a carbon steel tank 
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measuring 8m x 2m x 0.6m and a single side made with a piece of transparent 

Plexiglas (for observational purposes). The experimental and numerical results 

showed the USP entered from the sea and resided in the intertidal zone. The 

USP was able to retain its stability due to the large grain sizes of the sediment in 

the experiment, as the coarseness of grain sizes allowed for capillary forces to 

be stronger than buoyancy forces. Furthermore, saltwater entered the intertidal 

portion of the beach at a nearly vertical angle and then flowed nearly horizontally 

back to the ocean.  

Robinson et al. (2014) used a density-dependent variably saturated 

groundwater flow model to examine the significance of the USP microtidal 

beaches. The recirculation of geochemicals was examined after a large-scale 

storm event and how other large storm surges affect the subterranean estuary at 

microtidal beaches. One model of the USP after a large storm event lasted 

around 106 days. Many of the other modeled USPs lasted several months after a 

large storm event. It could therefore take months for the salinity distribution in the 

coastal aquifer to return to pre-storm conditions following a storm event, leading 

to large influxes of chemicals, organic matter, and nutrients, which may be 

detrimental to the health of the subterranean estuary.  

Evans & Wilson (2016) used a variable-density, saturated–unsaturated, 

transient groundwater flow model to gain quantitative information to characterize 

and investigate the USP. Models included the influence of beach slope, hydraulic 

conductivity, dispersivity, tidal amplitude, and the inflow of fresh groundwater on 

the formation and characteristics of the USP.  They found that high level tidal 
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events increase the chance of the USP forming in the intertidal zone. The 

important characteristics for the presence of a USP were steeper beach slopes 

and coarse to medium grains. Beaches with a gentle slope and fine grain size did 

not support a USP. Overall, Evans & Wilson (2016) concluded that the 

occurrence of a USP is likely uncommon, due to the variability of the different 

factors. In a modeling study using similar methods, Han et al. (2018) examined 

the factors that influence the mixing that occurs between the USP, the inland 

freshwater, and the saltwater wedge in the intertidal zone. This study confirmed 

that an increase in tidal amplitude and steep slope also increase the size of the 

USP and promote mixing between the USP, inland freshwater, and saltwater 

wedge.  

Abarca et al. (2013) used a combination of field investigations and 

mathematical modeling to examine the USP, focusing on the area of Waquoit 

Bay, Massachusetts. To characterize the size and movement of the USP, multi-

level monitoring wells and tracer injections were constructed. This allowed 

groundwater sample collection and salinity measurements at multiple depths 

within the same well. The researchers also qualitatively characterized the velocity 

and travel times of the water in the USP. The results of this study identified tidal 

cycles as the most influential factor on the size and shape of the USP. The USP 

increases and decreases with tidal cycles, so when the tidal cycle is a its 

maximum decreased level, the USP level drops until becoming undetectable.  
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 The study presented here intends to investigate how these defining 

features for USPs apply to beaches in south Florida. The following specific 

hypothesis and objectives for this study are as follows.  

 

2. Hypothesis and Objectives 

The main hypothesis in this study is that an Upper Saline Plume (USP) is 

a recurrent feature in South Florida along coastal beaches with intermediate 

classifications (according to beach slope and grain size distribution) and is not a 

localized event.  

The hypothesis is tested in this study with the following objectives:  

1. Develop and test low-cost multi-depth samplers for collecting groundwater 

samples along beach transects and confirm the existence and boundaries 

of the USP at two study beaches in Palm Beach County, Florida. 

2. Determine how factors such as, sediment grain size, beach slope, and 

tidal cycle may influence the size and shape of the USP if one exists at the 

study sites. 

3. Determine how the spatial and temporal variability of specific conductance 

of the USP at the study sites may be affected by a disturbance event such 

as hurricane Isaias.
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3. Study Area

This study evaluated the USP at two different locations in Palm Beach 

County, FL: Jupiter Beach and Gulfstream Beach, spaced approximately 56km 

apart (Figure 2). The beach sand in South Florida typically consists of quartz 

sand and calcium carbonate shells, which overlie the interbedded sands and 

coquinoid limestone of the Anastasia Formation (Miller, W. L. 1988). Beaches in 

Palm Beach County have been classified as intermediate (Benedet et al., 2006), 

which is one of the main characteristics of beaches that have a USP. 

 

Figure 2: Map of study sites: Gulfstream Beach and Jupiter Beach, located in Palm Beach County FL. 
Created in Google Earth. 
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Sampling was initially planned at three sites to increase spatial and 

temporal variability in the data. However, sampling failed at a third site due to the 

shallow nature of the bedrock which prevented sampler installation.   

Hurricane Isaias impacted the study area when it skirted the eastern coast 

from Florida to South Carolina before making landfall in North Carolina. The 

change of the beach morphology due to the storm surge was factored into the 

potential changed position of the USP. On Sunday August 2nd, 2020 Isaias was 

closest to Palm Beach County Florida with maximum sustained winds of 65 mph 

weakening to the category of a tropical storm. The study site, Palm Beach 

County, Florida is indicated by the red outlined box, the path of Isaias is indicated 

by the large red line that runs by the coast of Florida, and the width of Isaias is 

indicated by the black lines that run on both sides of the red path line (Figure 3). 
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Figure 3: Tracking Hurricane Isaias, Palm Beach County highlighted in red, the actual path of Isaias is in red 
and the gray lines represent wind of the storm. The inner two gray lines are the hurricane-force winds and 
the outer gray lines are the tropical storm force winds. Map credit: Michael Priddy, FAU Coastal Studies Lab, 
Boca Raton Florida.
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4. Methods 

To sample groundwater at south Florida beaches, multi–depth samplers 

were designed, built, and deployed along cross-shore transects at Jupiter and 

Gulfstream Beaches. The sampling method was similar to Abarca et al. (2013) in 

building a perimeter to identify the boundaries of the USP.  

4.1. Sampler design and construction 

Fifteen samplers were constructed using: a 3.05m (10 foot) fiberglass rod, 

clear PVC tubing (0.64cm (1/4inch) outside diameter, 0.32cm (1/8inch) inside 

diameter), rubber bands, zip ties, double sided waterproof tape, and two-part 

epoxy (Figures 4a & 4b). The tubing was cut into varying lengths attached to the 

rod so that there were inlets every 40.64cm (16inch) along the rod for a total of 6 

increments (Figure 5). The increments were color coordinated on the tops of the 

extraction ports to help identify the sampling depth in the field. The tubing 

extended above ground, which allowed the attachment of a 100ml syringe to the 

end of the tubing to extract groundwater samples. A 304 stainless steel wire 

cloth, with a 0.0021" opening size, was attached over the tubing inlets to allow 

only water in and keep sand out. The wire cloth was cut into squares measuring 

2.54cm by 2.54cm, which were then secured to the end of the tubing via a rubber 

band. Initially the tubing was reinforced to the samplers only by zip ties. 

However, after the first sampling event in the field, it was discovered some of the 

tubing had moved from its intended place. So, the tubing and zip ties were 
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adjusted to the initial locations and secured to the rod by a layer of epoxy. A 24-

hour period was given to let the epoxy thoroughly dry, then a final layer of 

double-sided waterproof tape was applied to prevent the tubing from sliding up or 

down the rod. This technique was applied to all 15 samplers sampling ports. The 

additions of epoxy and double-side waterproof tape were very successful in 

keeping the sampling ports secured in the specific locations. This resulted in 

each sampler having sample inlets at 6 different depths.  

 

Figure 4a and 4b: Supplies used to construct samplers before construction (a). Completed samplers before 
installation (b). 

 

 

Figure 5: Scaled model of the constructed multi-depth sampler used in this research project. 

A B 
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4.2. Sampler installation 

 A hand auger was used to dig each hole to the approximate level of the 

water table, below this level the open hole would collapse. To prevent the 

collapse beneath the water table, a hollow stem auger driven by a battery-

powered hammer drill was used (Figures 6a & 6b). While the intended depth for 

the samplers was 3m, issues with sediment collapse prevented reaching that 

depth and samplers ranged between 0.9 to 2.1 meters. Once the depth of auger 

refusal was hit, the sampler was installed through the center of the hollow stem 

auger, and the auger was then removed, leaving the sampler in the hole (Figure 

6c). The next step was to bury the sampler, securing it in place. The final results 

were transects from the shoreline (wrack line) to the dune face (Figures 6d & 6e). 

The samplers were left installed in the ground for twenty-four hours, to allow the 

water table to rebound after the sampler installation process. 
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Figure 6a, b, c, d, & e: Tools used for samplers’ installation (a). Example of a hole constructed using a drill 
with auger flight attached (b). Example of auger extraction and well installation (c). Samplers installed at 
Gulfstream Beach pre-Isaias (d). Samplers installed at Jupiter Beach pre-Isaias. 

The goal was to have 15 total samplers installed, with three transects of 

five samplers in a row perpendicular to the shoreline (wrack line) and dunes. Due 

to time constraints installation of all 15 samplers was not always possible (total 

installation time per hole averaged approximately 30 minutes), the first sampling 

event had 12 samplers (Figure 7). The second sampling event had 14 (Figure 8). 

The third sampling event had 15 samplers installed; however, no samples were 

collected due to vandalism. The samplers were removed from the ground during 

the night between sampler installation and the planned sampling the following 

morning. Finally, the fourth sampling event had 12 samplers installed (Figure 9). 

A B C 

D E 
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In the sampler schematic (Figures 7, 8, & 9) the blue circles represent samplers 

successfully installed and the red circles represent samplers that were not 

installed or had fallen out. For both Jupiter pre-Isaias (Figure 8) and Gulfstream 

post- Isaias (Figure 9), the first sampler of the north (N1) transects fell out, due to 

not being buried deep enough. While the last three samplers of the south 

transect (S1, S2, & S3) at Gulfstream Beach pre-Isaias were not installed due to 

time constraints (Figure 7).  

 

Figure 7: The three transects of Gulfstream Beach pre- Isaias. This sampling event had 12 out of the 15 
wells installed. 

 

Figure 8: The three transects of Jupiter Beach pre- Isaias. This sampling event had 14 out of the 15 wells 

installed. 
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Figure 9: The three transects of Gulfstream beach post- Isaias. This sampling event had 11 out of the 12 
wells installed. 

 

4.3. Water sampling  

Data was collected between June 17th, 2020 and August 10th, 2020 at 

the two sites in Palm Beach County FL, with pre- and post- Hurricane Isaias data 

collected at Gulfstream Beach and Jupiter Beach. The specific site dates are 

Gulfstream Beach pre- Isaias (6-17-2020), Jupiter Beach pre- Isaias (7-13-2020), 

and again at Gulfstream Beach post- Isaias (8-10-2020) (Table 1).   

Table 1: Overview of sampling locations, dates, if water samplers were successfully collected, and how 
many were collected. 

   

The water samples were extracted from the installed samplers using a 100ml 

syringe and measurements were taken with a HI98194 Hanna instruments water 

quality probe. The samples were extracted using a 100ml syringe that attached 

to the sampling tubes with a luer-lock fitting. For each individual sampling port 
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seventy millimeters of water (at least 3 tubing volumes) was purged from the 

tubing before sampling. To prevent the water from different depths mixing, the 

extracted sample volumes were kept small, between 50-60ml. When extracting 

the samples, the shallowest depths were extracted first and the deepest last. 

This was done to minimize mixing between different depths. The water was 

transferred from the syringe to a cylindrical plastic container (Figure 10a). A 

HI98194 Hanna instruments water quality probe was then inserted into the 

container, to obtain specific conductance (Figure 10b). The water quality probe 

was calibrated at the beginning of each sampling day using commercially 

purchased conductivity standards.  

 

Figure 10a and 10b: Using a water quality probe to test the conductivity of groundwater (a). Using a 100ml 

syringe to extract groundwater sample (b) at Gulfstream beach. 

A B 
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4.4. Sediment samples  

Sediment samples were obtained to provide a general characterization of 

the cross-shore and study site variability of beach sediment grain size and 

sorting. Samples were collected from the shoreline and mid-beach at Gulfstream 

and Jupiter Beach. At Gulfstream, the shoreline sample coincided with the middle 

transects M1 and the mid-beach sample was between M2 & M3. The samples 

from Jupiter Beach were collected from the shoreline (wrack line) and mid-beach. 

Sediment samples were collected by scooping sediments by hand (each around 

200g) at the surface level. The samples were then stored in zip-lock bags. 

Samples were washed multiple times to remove all salt, then dried for 24 hours. 

Once dry, the sediments were placed in a mechanical sieving device (RO-TAP) 

to separate the sediments by grain size. Sieve pans were in order from phi -4.25 

to 4, with -4.25 being the largest mesh size opening and 4 being the smallest 

mesh size opening, at phi intervals consistent with the standard sieve method for 

particle-size analysis of soils (including both 0.5 and 0.25 intervals). Once the 

mechanical sieving was finished, the mesh sieve pans were each manually 

checked for sediment, and the sediments were weighed. The weight was then 

input on a sieve analysis data sheet, which was then input into an excel 

spreadsheet to obtain the mean grain size and sorting based on the Wentworth 

scale.  

4.5. Beach morphology  

Beach morphology measurements were based on the height of the high 

tide prior to field sampling for elevation control, assuming that the seaweed 
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wrack was deposited by the last high tide (with little swash runup from the small 

waves observed).  N1 was installed at the position of the wrack line. Therefore, 

all elevations are based on the previous high tide height or Mean High Water 

(MHW) at N1 relative to Mean Sea Level (MSL). Morphology was obtained using 

a laser level and rod with a receiver attached to it. The slope of the beach was 

calculated from the cross-shore transects at each study site. 

4.6. Tide data 

NOAA’s tidal charts from the closest observation station (8722670 Lake 

Worth Pier, Atlantic Ocean, FL) were used and compared to the time of day of 

each sampling event. Because the tides move from south to north, there may 

have been a slight time delay of the tidal cycles, when comparing the data that 

came from the Lake Worth Pier to Jupiter and Gulfstream Beaches. The tidal 

data from NOAA was from a 24-hour period (the day that each sampling event 

took place), which included information about two high tides and two low tides 

(Figure 11).  
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Figure 11: The three sampling events (indicated by large circles) and the tidal stage showing low and high 
tide for a single 12-hour period. 
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5. Results

5.1. Grain size 

The sediment at Gulfstream Beach post- Isaias was closer to coarse grain 

classification (1.23 phi) (Table 2), while the sediment at Jupiter Beach post- 

Isaias was closer to the fine grain classification (1.63 phi) (Table 3). However, 

according the Wentworth grain-size scale for sediments, both Jupiter and 

Gulfstream Beaches have a mean that fall under the medium sand classification 

(1.25 – 2.0 phi) and are under the well to moderately well sorted class (0.35 – 

0.71 phi) (Boggs, 2012). The sediments were collected post- Isaias, with both 

beaches having slightly steeper slopes when compared to Gulfstream pre- 

Isaias. The medium grain size and steeper slope allowed the intermediate water 

to retain its position after moving more inland.  

Table 2: Sediment size and sorting at Gulfstream Beach post- Isaias (9/17/2020). 
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Table 3: Sediment size and sorting at Jupiter Beach post- Isaias (8/19/2020). 

 

  

Two profiles of individual weight percent of the sediment were created 

from Gulfstream Beach post- Isaias post sieve data. One from the shoreline and 

the second from the middle of the beach. The result was around 40-45% of the 

grain size weight had a phi size of 1.50 (Figure 12). Two profiles of individual 

weight percent of the sediment were created from the Jupiter Beach post- Isaias 

sieve data. The first from the shoreline (wrack line) and the second from the 

middle of the beach. The result was around 35-40% of the grain size weight had 

a phi size of 1.65 (Figure 13). 

 

Figure 12: Shoreline and mid-beach individual weight percent distribution for sediment at Gulfstream Beach 

post- Isaias. 
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Figure 13: Shoreline and mid-beach individual weight percent distribution for sediment at Jupiter Beach 

post- Isaias. 

 

5.2. Beach morphology  

Gulfstream Beach post-Isaias had two transects closer to the reflective 

range (around 1/10), the North (1/6) and South (1/11) transects, while the middle 

transect was in the intermediate range (1/13). Gulfstream Beach pre- Isaias and 

Jupiter Beach pre-Isaias both had slopes that are in the intermediate range. The 

slope of the Gulfstream Beach pre-Isaias changed from a very flat/gentle slope of 

1/16 relative to MSL, to a more moderately slope post-Isaias of 1/9 relative to 

MSL. There was also a difference between Jupiter Beach and Gulfstream Beach 

Pre-Hurricane Isaias. Jupiter Beach had a slope that was slightly more elevated 

of 1/14 relative to MSL compared to Gulfstream Beach with a slope of 1/16 

relative to MSL (Table 4). 
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Table 4: The calculated slopes for Gulfstream Beach and Jupiter Beach pre- and post- Isaias 

 

By using the elevation relative to the mean seal level, the elevation of the 

beach slope was calculated. Gulfstream pre-Isaias had the gentlest slope of all 

three sampling events, with the samplers spaced apart from each other at a 

distance of approximately 2.7m and a total of five samplers per transect (Figure 

14). The largest measured profile was the Gulfstream Beach post- Isaias, with a 

total distance of ~18.5m from the wrack line to the dune (Figure 15). The 

samplers were spaced apart from each other at a distance of approximately 6.1m 

apart from each other, due to the width of the beach and only using four 

samplers per transect instead of five. Gulfstream Beach post-Isaias also had the 

steepest slope of all three sampling events. Jupiter Beach pre-Isaias also had a 

gentle slope, that was slightly steeper, with the samplers spaced apart from each 

other at a distance of approximately 3m and a total of five samplers per transect 

(Figure 16).   
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Figure 14: Gulfstream pre-Isaias beach profile created with the data between the first and last sampler of the 
transect.  

 

Figure 15: Gulfstream post-Isaias beach profile created with the data between the first and last sampler of 
the transect.  



28 

 

Figure 16: Jupiter pre-Isaias beach profile created with the data between the first and last sampler of the 
transect.  

 

5.3. Specific conductance 

Spatial and temporal variability in specific conductance for Gulfstream 

Beach and Jupiter Beach are displayed in Figures 17-23. Samples indicated with 

a red X represent no data due to sampling ports being exposed above the beach 

morphology and/or not reaching the water table. Also, inferred water table (not 

directly measured) is shown as a blue dashed line. For the purposes of data 

interpretation, samples with a specific conductance <5 mS/cm were considered 

relatively fresh.  Samples with a specific conductance between 5 and 25 mS/cm 

were considered intermediate, and samples with specific conductance greater 

than 25 mS/cm were considered relatively salty (Table 5).  
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Table 5: This table displays the ranges specific conductance (mS/cm) boundaries, for relatively salty water 
(seawater), Intermediate (Salt/Fresh mixing), and relatively freshwater. 

 

5.3.1. Spatial variability in specific conductance 

Graphs were constructed to display specific conductance from the north 

(N) and middle (M) transects for Gulfstream Beach pre- Isaias on the same day 

at the same site (Figures 16 & 17), the south transect did not have enough data 

points for a profile because there was not enough time left in the day to install the 

remaining three samplers. On average it took between 6-7 hours to install all of 

the samplers at each study beach. Although only separated by 15.24m (50ft), 

notable differences in specific conductance were measured at certain cross-

shore locations and elevations. N1 (closest to the shoreline) had a much higher 

specific conductance at the three samples elevations compared to M1. Samplers 

M2 through M5 all had specific conductance in the relatively fresh range similar 

to the North transect at the for samplers N2 through N5. In both profiles the 

highest salinity water was closest to the shoreline (samplers N1 and M1). The 

salinity then significantly dropped with distance from the shoreline. From the 

second samplers (N2 and M2) to the last samplers (N5 and M5), the specific 

conductance remained relatively fresh.   
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Figure 17: Specific conductance of the North transect at Gulfstream Beach pre- Isaias. Intermediate and 
freshwater zones of conductance were measured at this transect. 

 

Figure 18: Specific conductance of the Middle transect at Gulfstream Beach pre- Isaias. Intermediate and 
freshwater zones of conductance were measured at this transect. 

Graphs were constructed to display specific conductance measurements 

collected from water samples from the north (N), middle (M), and south (S) 

transects for Jupiter Beach pre- Isaias on 7/13/2020, between 10:00-11:50am 

(Figures 19, 20, & 21). The north transects had no collected samples from the 
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first two samplers (N1 & N2). This may have been due to the individual sampling 

ports being clogged by sand, kinking in the tubing, or the tubing sliding out of 

place. Both samples from the third sampler had were relatively salty. Samplers 

N4 and N5 had water samples that fell into the intermediate zone (Figure 19). 

The middle transect’s first three samplers (M1, M2 & M3) had water samples that 

were in the relatively salty. The other samplers in the transect (M4, & M5) had 

water samples that fell into the intermediate specific conductance range (Figure 

20). A similar pattern was seen in the south transects; the first three samplers 

(S1, S2, & S3) had water samples that were relatively salty. The last sampler in 

the south transect (S4 & S5) had water samples that fell into the intermediate 

specific conductance range. The last sampler in the transect (S5) had two water 

samples, one sample from a lower elevation with an intermediate specific 

conductance and a higher elevation sample that at borderline between relatively 

fresh and intermediate (Figure 21). 

 

Figure 19: Specific conductance of the North transect at Jupiter Beach pre- Isaias. Intermediate, relatively 

salty water, and relatively freshwater zones of conductance were measured at this transect 
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Figure 20: Specific conductance of the Middle transect at Jupiter Beach pre- Isaias. Intermediate, relatively 
salty water, and relatively freshwater zones of conductance were measured at this transect. 

 

Figure 21: Specific conductance of the South transect at Jupiter Beach pre- Isaias. Intermediate, relatively 
salty water and relatively freshwater zones of conductance were measured at this transect. 

5.3.2. Temporal variability in specific conductance 

 The temporal variability in specific conductance was investigated at 

Gulfstream pre- Isaias (6/17/2020) and post- Isaias (8/10/2020). Data collected 

from post- Isaias was more limited in number due to collection issues in the field 

(samplers producing no water samples). However, the water samples collected in 

N3 and M3 did show a higher specific conductance on top of a lower specific 
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conductance (Figures 22 & 23). This same occurrence of a lower specific 

conductance under water with a higher specific conductance was only seen once 

in the Gulfstream pre- Isaias data on transect M1 (Figure 24).   

 

Figure 22: Specific conductance of the North transect at Gulfstream Beach post- Isaias. A single 
intermediate zone of conductance was measured at this transect. 

 

Figure 23: Specific conductance of the Middle transect at Gulfstream Beach post- Isaias. Relatively salty 
water, intermediate, and relatively freshwater zones of conductance were measured at this transect. 
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Figure 24: Specific conductance of the South transect at Gulfstream Beach post- Isaias. Relatively salty 
water, intermediate, and freshwater zones of conductance were measured at this transect. 

 

5.4. Specific conductance variability with depth in individual samplers   

Graphs of specific conductance at Gulfstream Beach pre- Isaias (Figure 

25) were made using data collected on the same day from individual samplers 

which had at least three data points. The x-axis is range of specific conductance 

from <5 (relatively freshwater) to >25 (relatively salty water) (mS/cm). The y-axis 

is the elevation relative to mean sea level (meters) at which the specific 

conductance was measured from three different ports of the same sampler.  

Although the graphs (Figure 25a-i) display slight differences in specific 

conductance with depth, it is not enough to definitively claim that a USP was 

present. Hole M1 (Figure 25d) had the largest variability in specific conductance 

with depth. The shallowest sample from this sampler had a specific conductance 

of 14 mS/cm. Specific conductance declined to 8 mS/cm in the middle sample, 

and then went back up to 15 mS/cm in the deepest sample.  Hole N5 (Figure 
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25c) exhibited a slight decline in specific conductance with depth, but all three 

samples were relatively fresh and the variability with depth was small.  The other 

holes exhibited either relatively constant specific conductance with depth or a 

slight increase with depth.  Thus, hole M1 was the only one that exhibited 

significant evidence of more saline water sitting on top of fresher water.   
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Figure 25: Graphs showing elevation relatively to MSL vs. in individual sampling holes. These are all from 
Gulfstream Beach (6/17/2020) pre-hurricane Isaias. 

 

The planned number of water samples to collect at each site was 72 

(Gulfstream & Jupiter Beaches pre- Isaias) and 90 (Gulfstream Beach post- 

Isaias). However due to complications with well installations (unable to get deep 

enough) and unpredictable events, such as vandalism involving the removal of 

samplers at Gulfstream Beach post- Isaias, the planned number of collected 

water samples was not successful. The effectiveness of the sampling device was 

calculated for each sampling event (Table 6). The percent of sampling ports not 

sampled was 88%, with the percent of sampling ports sampled was 11% at 

Gulfstream Beach post-Isaias, with only 8 water samples collected out of 72 

different sampling ports. The percent of sampling ports not sampled was 54%, 

with the percent of sampling ports sampled was 46% at Gulfstream Beach pre- 

Isaias, with 33 water samples collected out of the 72 different sampling ports. 
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The percent of sampling ports not sampled was 77% at Jupiter Beach pre- 

Isaias, with the percent of sampling ports sampled was 23%, with 21 water 

samples collected out of the 90 different sampling ports. 

Table 6: The percent of uncollected samples from the three separate sampling events. 

 

5.5. Tidal data 

The time of sampling at the start of each water sample collection event 

was recorded and compared with the tidal stage (Table 7). Gulfstream Beach 

pre-hurricane Isaias experienced high tide around 4:42am and low tide at 

10:54am. Field sampling began at 10:55am, which was at the time the tides were 

at the lowest point with a mean sea level elevation of -0.22m. Jupiter Beach 

experienced high tide at 1:24am and low tide at 7.45am. Field sampling began at 

10:00am, with an increased water level as the new high tide developed. At that 

time, the mean sea level elevation of the water was at -0.10m. Gulfstream Beach 

post- Isaias experienced a high tide at 12:06am, and the low tide was at 6:24am. 

Field sampling began at 10:30am with a mean sea level elevation of 0.31m, 

closer to the next high tide level.  

Gulf Stream Beach (6/17/2020) Pre Hurricane Isaias

Total sampling ports: Collected Samples: Uncollected samples: Percent of uncollected samples: 

72 33 39 54.17

Gulf Stream Beach (8/10/2020) Post Isaias

Total sampling ports: Collected Samples: Uncollected samples: Percent of uncollected samples: 

72 8 64 88.89

Jupiter Beach (7/13/2020) Pre Hurricane Isaias

Total sampling ports: Collected Samples: Uncollected samples: Percent of uncollected samples: 

90 21 69 76.67
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Table 7: Displays the tidal data; high tide and low tide, tidal height, sampling days, and sampling times. 

Gulf Stream Beach Pre Hurricane Isaias Gulf Stream Beach Post Isaias

Tidal cycles from NOAA LST: Sampling times: Sampling Day: Tidal cycles from NOAA LST: Sampling times: Sampling Day:

High Tide (MSL) height 4:42am (m): Start: Wednesday High Tide (MSL) height 12:06am (m): Start: Monday

0.50 10:55am (6/17/2020) 0.46 10:30am (8/10/2020)

Low Tide (MSL) height 10:54am (m): End: Low Tide (MSL) height 6:24am (m): End:

-0.22 11:50am -0.20 11:15am

Tide Height at 10:55am (m) Tide Height at 10:30am (m)

-0.22 0.31

Jupiter Beach Pre Hurricane Isaias

Tidal cycles from NOAA LST: Sampling times: Sampling Day:

High Tide (MSL) height 1:24am (m): Start: Monday

0.41 10:00am (7/13/2020)

Low Tide (MSL) height 7:54am (m): End:

-0.25 11:50am

Tide Height at 10:00am (m)

-0.10
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6. Discussion

The deployment of low-cost multi-depth samplers at the study sites was 

successful at characterizing the spatial and temporal variability in specific 

conductance across several beach transects. While the existence of a USP was 

unclear at the study sites, the datasets collected revealed the presence of an 

intermediate zone characterized by a mixing of the relatively freshwater and salty 

water, that was spatially variable and ranged in size from ~2m (Gulfstream Beach 

pre-Isaias) to ~5m (Gulfstream Beach post-Isaias & Jupiter Beach pre-Isaias).  

The multi-depth samplers were also successful at capturing the temporal 

variability of this intermediate zone during a disturbance event, showing changes 

in specific conductance at both study sites before and after the passage of 

Hurricane Isaias.  

To visualize these changes, conceptualized graphs of specific conductance 

were constructed by taking the averages of all of the data and creating single 

cross-section profiles to represent each sampling event. An intermediate zone of 

water, with specific conductance falling between relatively freshwater (<5 mS/cm) 

and saltwater (>25 mS/cm) was measured during all three sampling events at the 

two study sites, indicating a mixing zone between fresh and saline water. The 

intermediate zone morphology was different during all three testing events, 

suggesting that slope and tidal elevation are influencing factors. However, there 

was not enough data for a definitive correlation between factors. The time of the 
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sampling collection was not the same and the tidal cycles were also different at 

each site, which also influences such correlation. For example, both Jupiter 

Beach and Gulfstream Beach pre- Isaias where sampled at low tide, while 

Gulfstream post- Isaias was sampled close to the peak of high tide. For that 

reason, the salt crystals that remained in the sediment from the previous high 

tide could have become inundated with new saltwater, which would display a 

region of a larger intermediate or saltwater zone.  

When comparing conceptual models of specific conductance at the study 

sites, the largest relatively freshwater zone (~10m) was seen at Gulfstream 

Beach pre- Isaias, while the intermediate zone was the smallest (~2m), and no 

relatively freshwater was seen (Figure 26). Gulfstream post- Isaias had an 

intermediate zone was around the same size (~5m), with a large relatively salty 

zone (~8m), and no relatively freshwater (Figure 27). Similar Gulfstream Beach 

post-Isaias, Jupiter Beach pre-Isaias had an intermediate zone (~5m), a relatively 

salty water zone of (~8m), and no relatively freshwater zone (Figure 28). When 

comparing the slope of the beach from Gulfstream pre- and post- Isaias, the 

beach steepened, and the relatively salty and intermediate zones increased in 

size, while the relatively freshwater zone seemed to be absent at Gulfstream 

post-Isaias. This was similar when comparing Gulfstream and Jupiter Beaches 

pre- Isaias. One factor that may have skewed the results, is the distance 

between samplers. Due to the inconsistencies with the sampler spacing, certain 

water features may have been missed. So, there may be some influence of slope 
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steepness on the boundaries, however, without the Jupiter post- Isaias 

information and a third site, a definite conclusion cannot be made.  

 

Figure 26: Specific conductance figures are based on averages all of the data at Gulfstream Beach pre- 
Hurricane Isaias. 

 

Figure 27: Specific conductance figures are based on averages of all the data at Gulfstream Beach post- 
Hurricane Isaias. 



42 

 

Figure 28: Specific conductance figures are based on averages of all the data at Jupiter Beach pre- 
Hurricane Isaias. 

The differences between the relatively freshwater, intermediate, and 

relatively salty water may be indicative of the presence of a USP positioned at 

Gulfstream Beach pre- & post- Isaias, as well as Jupiter Beach pre-Isaias, 

between the wrack line and dune region, under the water table showing some 

indication of shifting of specific conductance boundaries in the subterranean 

estuary (under the water table). However, there were not enough water samples 

collected to conclusively confirm the presence of a USP. While a larger account 

for spatial variability between study sites was originally intended by incorporating 

a third site (Red Reef Beach Park), the shallow nature of its bedrock prevented 

sampler installation and therefore was finally excluded from this study. Another 

possibility for not finding the boundaries of the USP, is that the USP may not 

exist at the study sites, so even with more data, the results may have been the 

same. 
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According to the Wentworth grain-size scale for sediments, both Jupiter 

and Gulfstream Beaches have a mean grain size that falls under the medium 

sand classification (1.25 – 2.0 phi) and are under the well to moderately well 

sorted class (0.35 – 0.71 phi). These are relatively small differences given that 

beach sediment can change over time. However, visual differences between the 

two sites were seen when collecting water samples. Gulfstream Beach pre- and 

post- Isaias had some shells and smaller shell fragments on the surface with fine 

grain sized sand in the subsurface and a gray silty layer at the elevation of the 

water table. Jupiter had courser sediment with larger shells and shell fragments 

on the surface and throughout the subsurface, even at the water table. Since 

sediments were collected only after Isaias and not at the same time as the other 

data, it is not possible to conclusively determine the relationship between grain 

size and the spatio-temporal distribution of the intermediate mixed zone.   

The most notable differences between beach slopes at the study sites 

were seen at Gulfstream Beach post-Isaias, which had a reflective range for the 

North and South transects and an intermediate range for the Middle transect. 

When comparing between the two sites Gulfstream and Jupiter Beaches pre-

Isaias both had slopes in the intermediate range, however Isaias changed the 

morphology of Gulfstream Beach. It is important to consider that Jupiter Beach 

was not examined post- Isaias, so there was no data available for pre- and post- 

storm comparison. While some differences in the size of the intermediate zone 

were identified at the Gulfstream site pre- and post-Isaias, it cannot be concluded 
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that the slope of the beach or Isaias are the factors that influence the size of the 

intermediate zone given the limited data collected.  

While the constructed multi-depth samplers were successful at collecting 

groundwater samples to measure specific conductance (mS/cm) at the study 

sites, it also presented some challenges. Several issues and limitations occurred 

in the field that prevented the collection of enough water samples to make 

definitive conclusions on the presence of the USP. For example, one major 

limitation was the inability to drive the auger to the necessary sampling depths, 

since only a hand auger and hammer drill attached to the hollow stem auger was 

available in this study. Another issue in the field during sampling related to water 

flow blockage during sampler installation. To remedy this issue additional zip ties 

were used to prevent the tubing from sliding and kinking when installed in the 

ground. Even after the addition of extra zip ties for support, the tubing of the 

samplers still shifted from the intended position. Finally, additional support was 

added to prevent the tubing from sliding, by applying a two-part epoxy and 

double-sided waterproof tape. This was successful in keeping the tubing securely 

in place when installing the samplers in the ground.  

Further issues during extraction of water samples from the ground were 

also noted that could be related to compaction of sand at the collection ports 

and/or the pressure of the saturated zone being so great that the syringe was not 

strong enough to pull samples from the ground. The use of a peristaltic pump 

could have helped ruling out whether it was an issue with compaction or 

pressure, however it was not used during this study. It is therefore important to 
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consider these issues and limitations to improve future versions of this sampler. 

Another possibility for not finding the boundaries of the USP, is that the USP may 

not exist at the study sites, so even with more data, the results may have been 

the same. 

While this study was not able to conclusively define the presence of a 

USP at the study sites, the monitoring of the identified intermediate zone can be 

potentially used as an early indicator of saltwater intrusion in a similar manner 

than a USP. As salt water intrudes inland, the USP transitions inland as well, 

disrupting the water chemistry that plants intake, and introducing a higher saline 

content to the relatively freshwater. This could kill the plants that stabilize the 

dunes, resulting in dune destabilization and erosion, which can contribute to 

property damage and loss as the sea level rises.   

6.1 Future Work: 

This study successfully used multi-depth low-cost samplers to examine 

the variability of salinity in beach aquifers in South Florida. However, further 

research is needed to improve the sampler construction and some of the field 

collection methods. It is recommended that future research incorporates different 

sampling tools that prevent the hole from collapsing and that can reach a depth 

of ~5m. A well screen could be a potential solution to prevent the ports from 

becoming compacted with sand. Once the hole has been established, a well 

screen can be inserted into the ground, followed by the sampler. This would 

prevent the hole from collapsing, minimize pressure on the ports, and prevent 

sand compaction. Another recommendation is to keep the samplers and 
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transects spacing consistent at each site, with at least five samplers per transect. 

By keeping the samplers at the same distance, potential errors when mapping 

the boundaries can be prevented.   

Another suggestion is installing sensors that can monitor specific 

conductance and tidal height. The use of different geophysical tools, such as 

ground penetrating radar (GPR), can be used to detect the presence of the water 

table before digging any holes. Similar to Abarca et al (2013), the use of 

electrical resistivity imaging along transects can help image sub-surface 

structures such as the lower boundary of the USP. Similar to Buquet et al (2016) 

ERT with multi-depth samplers can be used alongside the transects to map the 

subsurface using electrodes installed beneath the ground combined with 

electrodes at the surface. The combination of ERT and multi-depth samplers may 

be the best combination for mapping the USP.   

Additional considerations during sampling include sampling at the same 

point in the tidal cycle and sampling at both low and high tide cycles and 

collecting sediment from the spot where the samplers are installed at the time of 

installation. A final recommendation would be to collect rain data, to compare the 

fluxes between days of rain versus days without rain. This work should be 

continued to further increase our understanding of the USP, what shapes it, and 

the effects that this event has on the surrounding groundwater chemistry and 

environment. 
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7. Conclusion

An intermediate zone (mixing of the relatively freshwater and relatively 

salty water) of water was found at the saturated zone at the study sites. This was 

found by testing the low-cost multi-depth samplers that were successfully created 

and implemented. Much fewer samples were collected than planned because of 

various problems that arose with the samplers. However, this study showed that 

the basic concept behind the low-cost samplers was sound and highlighted ways 

in which samplers could be improved for future studies. The datasets were 

unable to clearly define the boundaries of the USP, but the research was able to 

define some transitions that varied both in space and time. With more time and 

experimenting low-cost multi-depth samplers could be created in a similar study, 

with a focus on constructing samplers that could reach further depths and 

prevent sand from interfering with water intake ports. One potential problem 

could be the differences in scale between the deployed experimental design 

(intended depth and transect lengths) and the actual dimensions of the USP.  

Without knowing the exact size and position of the USP, spots for sampling were 

randomly selected. If alternative imaging techniques (such as GPR or electrical 

resistivity imaging) were used, boundaries may be better defined to better inform 

the placement of the samplers.  

This study also examined the factors that may influence the USP, such as 

grain size, slope, and tidal cycles. Sediment was similar at both sites post-Isaias; 
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however, the grain size data were not collected at the time of sampler installation 

or water sample collection and given that the beach is dynamic and constantly 

changing the sediment samples may have been different if collected 

synchronously with the other sampling. Furthermore, collection of sediments pre-

Isaias could have revealed a different size of grain. With that information, the 

grain size could then be a determining factor that influences the existence of the 

USP. Understanding how beach properties might influence the existence of the 

USP at south Florida beaches may help mitigate future impacts of sea level rise. 

As the slope steepened, such as due to the impact of Isaias at Gulfstream, 

the relatively salty water and intermediate zone increased in size. Water samples 

were collected at different tidal cycles. Gulfstream Beach post-Isaias was 

sampled closer to the start of the next high tide, while Jupiter Beach pre-Isaias 

was sampled closer to the previous low tide, however, both beaches had 

relatively salty and intermediate zones that were approximately the same size. 

Therefore, it is unclear whether the beach slope or tidal cycles influenced the 

USP.   

Lastly, this study also examined the relationship between the different 

water types that occur in the saturated zone of the beach aquifer at the two south 

Florida locations. Specific conductance was measured and an intermediate zone 

between the relatively freshwater and relatively salty water was detected. The 

beaches were examined spatially (both between the transects at each site, as 

well as at a greater distance [~56k] pre- Isaias Gulfstream Beach & Jupiter 

Beach) and temporally (pre & post- Isaias, at Gulfstream Beach) to discern the 
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effect this would have on the intermediate zone of water. However, due to the 

limitations in specific conductance data, a clear delineation of the USP 

boundaries was not possible. As a result, the existence of a USP at south Florida 

Beaches was not confirmed. 
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   Appendix

Tables 8-19 below display the data collected at both sites, specific 

conductance, elevation of beach, depth of samplers, and horizontal distance 

between samplers. Spatial variability was examined with data from conditions at 

Jupiter Beach and Gulfstream Beach pre- Isaias with a distance of approximately 

56km between sites.  Temporal variability was examined comparing conditions 

pre- and post-Isaias at Gulfstream Beach.
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Table 8: Sampling information along the northern transects a Gulfstream Beach on 6/17/2020. 

 
 

 

 

 

 

 

 

Beach (6/17/2020) Transect Hole Number Specific Conductance 

Gulfstream N 1.0 ND

Gulfstream N 1.0 ND

Gulfstream N 1.0 ND

Gulfstream N 1.0 43.41

Gulfstream N 1.0 42.90

Gulfstream N 1.0 42.98

Gulfstream N 2.0 ND

Gulfstream N 2.0 ND

Gulfstream N 2.0 ND

Gulfstream N 2.0 ND

Gulfstream N 2.0 3.55

Gulfstream N 2.0 2.97

Gulfstream N 3.0 ND

Gulfstream N 3.0 ND

Gulfstream N 3.0 ND

Gulfstream N 3.0 1.53

Gulfstream N 3.0 1.45

Gulfstream N 3.0 1.71

Gulfstream N 4.0 ND

Gulfstream N 4.0 ND

Gulfstream N 4.0 ND

Gulfstream N 4.0 ND

Gulfstream N 4.0 1.18

Gulfstream N 4.0 1.63

Gulfstream N 5.0 ND

Gulfstream N 5.0 ND

Gulfstream N 5.0 ND

Gulfstream N 5.0 2.06

Gulfstream N 5.0 1.23

Gulfstream N 5.0 0.55
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Table 9: Sampling information along the middle transects at Gulfstream Beach on 6/17/2020.

 

 

 

 

 

Beach (6/17/2020) Transect Hole Number Specific Conductance 

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 1 14.02

Gulfstream M 1 7.94

Gulfstream M 1 15.01

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 2.09

Gulfstream M 2 3.17

Gulfstream M 3 ND

Gulfstream M 3 ND

Gulfstream M 3 ND

Gulfstream M 3 1.28

Gulfstream M 3 2.20

Gulfstream M 3 4.61

Gulfstream M 4 ND

Gulfstream M 4 ND

Gulfstream M 4 ND

Gulfstream M 4 1.13

Gulfstream M 4 1.76

Gulfstream M 4 2.16

Gulfstream M 5 ND

Gulfstream M 5 ND

Gulfstream M 5 ND

Gulfstream M 5 0.81

Gulfstream M 5 2.47

Gulfstream M 5 3.70
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Table 10:Sampling information along the southern transects at Gulfstream Beach on 6/17/2020. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Beach (6/17/2020) Transect Hole Number Specific Conductance 

Gulfstream S 1 ND

Gulfstream S 1 ND

Gulfstream S 1 ND

Gulfstream S 1 3.50

Gulfstream S 1 3.63

Gulfstream S 1 8.17

Gulfstream S 2 ND

Gulfstream S 2 ND

Gulfstream S 2 ND

Gulfstream S 2 1.55

Gulfstream S 2 3.27

Gulfstream S 2 6.83
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Table 11:Sampling information along the northern transects at Jupiter Beach on 7/13/2020. 

 

Beach (7/13/2020) Transect Hole Number Specific Conductance 

Jupiter N 1 ND

Jupiter N 1 ND

Jupiter N 1 ND

Jupiter N 1 ND

Jupiter N 1 ND

Jupiter N 1 ND

Jupiter N 2 ND

Jupiter N 2 ND

Jupiter N 2 ND

Jupiter N 2 ND

Jupiter N 2 ND

Jupiter N 2 ND

Jupiter N 3 ND

Jupiter N 3 ND

Jupiter N 3 ND

Jupiter N 3 ND

Jupiter N 3 43.50

Jupiter N 3 45.97

Jupiter N 4 ND

Jupiter N 4 ND

Jupiter N 4 ND

Jupiter N 4 ND

Jupiter N 4 19.40

Jupiter N 4 21.60

Jupiter N 5 ND

Jupiter N 5 ND

Jupiter N 5 ND

Jupiter N 5 ND

Jupiter N 5 7.01

Jupiter N 5 17.42
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Table 12: Sampling information along the middle transects at Jupiter Beach on 7/13/2020. 

  

Beach (7/13/2020) Transect Hole Number Specific Conductance 

Jupiter M 1 ND

Jupiter M 1 ND

Jupiter M 1 ND

Jupiter M 1 ND

Jupiter M 1 47.26

Jupiter M 1 ND

Jupiter M 2 ND

Jupiter M 2 ND

Jupiter M 2 ND

Jupiter M 2 ND

Jupiter M 2 46.30

Jupiter M 2 46.35

Jupiter M 3 ND

Jupiter M 3 ND

Jupiter M 3 ND

Jupiter M 3 ND

Jupiter M 3 27.63

Jupiter M 3 ND

Jupiter M 4 ND

Jupiter M 4 ND

Jupiter M 4 ND

Jupiter M 4 ND

Jupiter M 4 10.64

Jupiter M 4 ND

Jupiter M 5 ND

Jupiter M 5 ND

Jupiter M 5 ND

Jupiter M 5 ND

Jupiter M 5 ND

Jupiter M 5 14.96
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Table 13: Sampling information along the southern transects at Jupiter Beach on 7/13/2020. 

 
 

   

Beach (7/13/2020) Transect Hole Number Specific Conductance 

Jupiter S 1 ND

Jupiter S 1 ND

Jupiter S 1 ND

Jupiter S 1 ND

Jupiter S 1 46.07

Jupiter S 1 47.05

Jupiter S 2 ND

Jupiter S 2 ND

Jupiter S 2 ND

Jupiter S 2 46.57

Jupiter S 2 46.25

Jupiter S 2 ND

Jupiter S 3 ND

Jupiter S 3 ND

Jupiter S 3 ND

Jupiter S 3 ND

Jupiter S 3 25.26

Jupiter S 3 ND

Jupiter S 4 ND

Jupiter S 4 ND

Jupiter S 4 ND

Jupiter S 4 ND

Jupiter S 4 10.13

Jupiter S 4 18.00

Jupiter S 5 ND

Jupiter S 5 ND

Jupiter S 5 ND

Jupiter S 5 ND

Jupiter S 5 5.86

Jupiter S 5 19.42
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Table 14: Sampling information along the north transects at Gulfstream Beach on 8/10/2020. 

 
 

 

 

 

 

 

 

 

 

 

 

 



61 

Table 15: Sampling information along the middle transects at Gulfstream Beach on 8/10/2020. 

 
 

 

 

 

 

 

 

 

 

Beach (8/10/2020) Transect Hole Number Specific Conductance 

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 1 ND

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 ND

Gulfstream M 2 52.22

Gulfstream M 3 ND

Gulfstream M 3 ND

Gulfstream M 3 ND

Gulfstream M 3 ND

Gulfstream M 3 11.75

Gulfstream M 3 4.02

Gulfstream M 4 ND

Gulfstream M 4 ND

Gulfstream M 4 ND

Gulfstream M 4 ND

Gulfstream M 4 ND

Gulfstream M 4 ND
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Table 16: Sampling information along the southern transects at Gulfstream Beach on 8/10/2020. 

 

 

 

 

  

 

 

 

Beach (8/10/2020) Transect Hole Number Specific Conductance 

Gulfstream S 1 ND

Gulfstream S 1 ND

Gulfstream S 1 ND

Gulfstream S 1 ND

Gulfstream S 1 ND

Gulfstream S 1 92.21

Gulfstream S 2 ND

Gulfstream S 2 ND

Gulfstream S 2 ND

Gulfstream S 2 ND

Gulfstream S 2 ND

Gulfstream S 2 41.59

Gulfstream S 3 ND

Gulfstream S 3 ND

Gulfstream S 3 ND

Gulfstream S 3 ND

Gulfstream S 3 ND

Gulfstream S 3 6.49

Gulfstream S 4 ND

Gulfstream S 4 ND

Gulfstream S 4 ND

Gulfstream S 4 ND

Gulfstream S 4 ND

Gulfstream S 4 ND
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Table 17: Depth to the water table, beach elevation between the samplers, and the distance between the 
samplers at each hole for Gulfstream Beach pre- Hurricane Isaias. 

 

Table 18: Depth to the water table, beach elevation between the samplers, and the distance between the 
samplers at each hole for Jupiter Beach pre- Hurricane Isaias. 

 

Table 19: Depth to the water table, beach elevation between the samplers, and the distance between the 
samplers at each hole for Gulfstream Beach post- Hurricane Isaias. 

Beach (6/17/2020) Transect: Distance between samplers (m): Elevation relative to N1 (m): Elev (MSL) (m) WT elevation (m)

Gulfstream N1 0.00 0.00 0.45 -1.08

Gulfstream N2 2.74 0.61 1.06 -0.56

Gulfstream N3 5.49 0.73 1.18 -0.47

Gulfstream N4 8.23 0.77 1.21 -0.71

Gulfstream N5 10.97 0.81 1.26 -0.72

Gulfstream M1 0.00 0.21 0.66 -0.80

Gulfstream M2 2.74 0.71 1.16 -0.70

Gulfstream M3 5.49 0.73 1.18 -0.86

Gulfstream M4 8.23 0.70 1.15 -0.68

Gulfstream M5 10.97 0.78 1.23 -0.54

Gulfstream S1 0.00 0.49 0.94 -0.50

Gulfstream S2 2.74 0.67 1.12 -0.74

Beach (7/13/2020) Transect: Distance between samplers (m): Elevation relative to N1 (m): Elev (MSL) (m) WT elevation (m)

Jupiter N1 0.00 0.00 0.00 -0.61

Jupiter N2 3.05 0.41 0.41 -0.19

Jupiter N3 6.10 0.62 0.62 -0.45

Jupiter N4 9.14 0.87 0.87 -0.41

Jupiter N5 12.19 0.98 0.98 -0.34

Jupiter M1 0.00 0.15 0.15 -0.54

Jupiter M2 3.05 0.39 0.39 -0.43

Jupiter M3 6.10 0.62 0.62 -0.49

Jupiter M4 9.14 0.84 0.84 -0.36

Jupiter M5 12.19 1.06 1.06 -0.37

Jupiter S1 0.00 0.16 0.16 -0.51

Jupiter S2 3.05 0.37 0.37 -0.40

Jupiter S3 6.10 0.63 0.63 -0.63

Jupiter S4 9.14 0.81 0.81 -0.27

Jupiter S5 12.19 0.94 0.94 -0.21

Beach (8/10/2020) Transect: Distance between samplers (m): Elevation relative to N1 (m): Elev (MSL) (m) WT elevation (m)

Gulfstream N1 0.00 ND 0.00 0.00

Gulfstream N2 6.10 0.00 0.00 -1.33

Gulfstream N3 12.19 1.13 1.13 -0.82

Gulfstream N4 18.29 1.90 1.90 -0.23

Gulfstream M1 0.00 0.45 0.45 -0.49

Gulfstream M2 6.10 0.67 0.67 -0.81

Gulfstream M3 12.19 1.26 1.26 -1.00

Gulfstream M4 18.29 1.92 1.92 -0.62

Gulfstream S1 0.00 0.40 0.40 -0.73

Gulfstream S2 6.10 0.63 0.63 -0.91

Gulfstream S3 12.19 1.32 1.32 -0.80

Gulfstream S4 18.29 1.95 1.95 -0.79
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