
	
	

ENVIRONMENTAL ASSESSMENT OF BEACH NOURISHMENT PROJECTS 

CONSTRUCTED WITH BENEFICIAL USE OF DREDGE MATERIAL IN PALM 

BEACH COUNTY, FLORIDA 

by 

Camryn Leigh Inman 

 

 

 

 

A Thesis Submitted to the Faculty of 

The Charles E. Schmidt College of Science 

In Partial Fulfillment of the Requirements for the Degree of 

Master of Science 

 

 

 

Florida Atlantic University 

Boca Raton, FL 

August 2024



ii	

 

 

 

 

 

 

Copyright 2024 Camryn Leigh Inman





iv 

ACKNOWLEDGMENTS 

I am so grateful to everyone who has helped and supported this research study and 

my journey throughout it. I want to first thank my academic advisor, Dr. Tiffany Roberts 

Briggs, for not only sharing her remarkable expertise and guidance in this research, but 

also for her composed and disarming spirit that made a remarkable impact on my 

experience in this program. I would also like to thank my committee members, Dr. John 

Baldwin, for graciously allowing the use of his dissolved oxygen probe, and Dr. Diana 

Mitsova for offering direction in the statistical analyses for this project. I am deeply 

thankful to Dr. Jyothi Palaparthi for taking the time to assist in statistical analyses, and 

for continuously inspiring me. Thank you to all my Coastal Studies Labmates for your 

encouragement and companionship. A special thank you to Kayla O’Brien for sharing her 

filtration equipment for water processing. Enormous thank you to Leanne Hauptman for 

so many things, I cannot even count. Thank you for spending grueling days in the field 

with me, always making sure I resurface when I would get rocked by a big wave, and 

laughing with me so hard we cry. I will forever be appreciative for your mentorship, 

talking me through my many roadblocks, and sharing your wealth of knowledge and 

experience. Thank you to my good friend George and the Postma family for supporting 

me and being a home away from home. Finally, a massive thanks to my rock-solid 

support system of friends and family who have endlessly invested in me and had more 

confidence in me than I often have in myself—you’ve really hung the moon. 

 



v 

 

ABSTRACT 

Author: Camryn Leigh Inman 

Title: Environmental Assessment of Beach Nourishment Projects Constructed With 
Beneficial Use of Dredge Material in Palm Beach County, Florida 
 
Institution: Florida Atlantic University 
 
Thesis Advisor: Dr. Tiffany Roberts Briggs 
 
Degree: Master of Science 
 
Year: 2024 
 

Sourcing sediment from adjacent inlets for placement on eroded downdrift 

beaches is an increasingly common practice, as an inlet sources’ proximity to a placement 

site reduces the transportation cost of a project and is considered a beneficial use of the 

dredge material (BUDM). This project aimed to compare two nourishment projects using 

adjacent inlet sediment sources for changes in water quality, morphology, and 

sedimentology at two geographically similar locations in southeast Florida. In 2023, 

Jupiter Beach Park (Jupiter, FL) and South Inlet Park Beach (Boca Raton, FL) were 

nourished using sediment from the adjacent inlet system. Jupiter was nourished with 

sediment from the inlet’s sand trap and Boca Raton was nourished with sediment from 

the ebb shoal. Suspended sediment concentration (SSC) in the water column is closely 

associated with other properties of water including temperature, salinity, and dissolved 

oxygen.
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A sudden increase in suspended sediment in nearshore water can be triggered by 

anthropogenic activity, like nourishment, as well as natural occurrences, like storms. 

Sampling began prior to the initiation of nourishment (February) and continued 

throughout hurricane season (May – November). Sediment samples were analyzed for 

moment method statistics (i.e., mean, standard deviation/sorting) at half-phi intervals 

above 63µm. Fine sediment (<63µm) was dried and weighed. Surface and bottom water 

samples were collected and measured for SSC, dissolved oxygen, temperature, and 

salinity to analyze changes in response to nourishment. Sites displayed differences in 

response to weather events, which occurred throughout sampling. Jupiter equilibrated 

faster, likely because of its low fill volume, lower design berm, and shorter jetty length. 

Nourishment had no adverse effects on water quality, which was dominated by seasonal 

processes. SSC was highest prior to nourishment when winter conditions brought greater 

wave heights, and highest in bottom samples throughout sampling due to the interactions 

between wave oscillation and the seabed. SSC was only significantly greater at Jupiter 

during a king tide event when elevated water levels transported fine sediment at the berm 

crest and swash zone, suspending it in the water column. This baseline study evaluated 

whether fine sediment is suspended in nearshore coastal waters in association with post-

nourishment equilibration and its potential implications for water quality. Understanding 

the post-placement evolution of the beach and its subsequent effects on the nearshore is 

important to help ensure best management practices for future projects.   
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INTRODUCTION 

 
Background 

 Florida’s beaches are an environmental and economic asset to the state with beach 

recreation contributing an estimated $50 billion annually to Florida’s economy (Houston, 

2013). With the rapid development of Florida’s coast and sea level rise, coastal erosion 

has become a daunting threat to the environment and coastal communities. The use of 

hard stabilization (groins, jetties, breakwaters, etc.) can sometimes accelerate the issue of 

erosion by interrupting the natural sediment transport processes thus furthering the 

erosive effects. The exponential rate of coastal development led to the construction and 

modification of inlets for improved navigation of Florida’s east coast in the mid-to-late 

1900’s (Houston and Dean, 2016). Inlets alter sediment transport by interrupting net 

longshore transport (LST), resulting in chronic downdrift erosion. Studies in the late 

1980’s reveal that 80-85% of Florida’s east coast erosion at the time was associated with 

modified inlets (Dean et al, 1988) with little improvement by the early 2000’s (Finkl, 

2012). The interruption of LST has also resulted in inlets serving as a sediment sink. The 

sediment deposited within inlets is often found to be of beach quality, and therefore has 

been used for beach restoration or nourishment, with what has been termed as beneficial 

use of dredge material (or BUDM). The Army Corps of Engineers has recently adopted a 

policy goal that 70% of dredge material will be BUDM by 2030 (USACE, 2023). Given 
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the anticipated increase in BUDM for beach nourishment, it is imperative to understand 

regional variability in the environmental response to placement. The objective of this 

study is to evaluate the environmental response to nourishment using BUDM at two 

geographically similar inlet-beach locations but with different engineering designs. 

 Beach Nourishment 

Beach nourishment, or the placement of sand onto a beach to fill a deficit, is an 

increasingly common solution to mitigate the erosion issue. It has been shown that beach 

nourishment is important for reducing storm damage, creating habitat, and improving the 

beaches’ recreational use (Valverde et al., 1999; Wilson et al., 2017). Nourishment 

became a preferred method for erosion mitigation in the 1970’s due to legislation 

increasing the federal role in beach nourishment, federal participation in the disposal of 

dredged material, and a shift away from hard stabilization as a shore protection method 

(Valverde et al., 1999). Beach nourishment has since become the prevailing shore 

protection method with 1.2 billion m3 of sand placed over 475 communities and 245 

million m3 placed on Florida’s coastlines over the past century (Elko et. al., 2021). As 

nourishment projects have become an essential practice to maintain the urbanized 

coastlines of Florida, sources for suitable material for placement have become scarce, 

legal disputes have arisen over the ownership of sand, and concerns for the environmental 

impacts of such projects are exigent.



3	

Sediment Sources 

Predominant sources of sand include upland mines, inlets, and offshore sources. 

Towns that have access to sand deposits from inlets have been seen to nourish more 

frequently, likely because towns near one or more inlets have a higher demand for 

nourishment as inlets are often cited as the cause of sediment starved downdrift beaches 

(Qiu et. al., 2020). There are several sediment sources within the inlet system, including 

ebb shoals and sand traps. Ebb shoals are bodies of sand that form adjacent to the mouth 

of the inlet as sediment is transported by ebb currents through the inlet throat (Figure 1) 

(Kraus, 2002). Ebb shoal morphology can be modified by the force of waves and 

longshore drift, but the volume of sand in a shoal is dependent on its equilibrium volume 

(Stauble, 1989). They are known to hold a significant amount of suitable material, 

making them opportune sources for nourishment. Their proximity to the shore minimizes 

transportation costs associated with the use of offshore sources, and their use in 

nourishment can counteract lowered bypassing rate due to the loss of sediment from the 

bypass system (Dabees and Kraus, 2005). Sediment can also be trapped within an inlet 

naturally or anthropogenically by inlet modification (Liu and Hou, 1997). Sand traps are 

either natural or anthropogenic submerged depressions that collect sand migrating into 
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the inlet. As with ebb shoals, sand traps are often dredged, and sediment is placed on the 

downdrift shoreface. 

Nourished Beach Morphology 
 

Beach nourishment projects use the natural physical force of waves and tides to 

distribute sand seaward of the dry beach and break incoming waves further offshore 

(Figure 2) (Wilson et. al., 2017). Significant changes to the beach profile can be observed 

throughout this process as the beach approaches a state of dynamic equilibrium. Beach 

scarps are morphologic features which often form shortly after beach nourishment, as 

waves remove newly placed sediment from the lower beach while the upper beach 

remains unchanged. This creates discontinuity in the foreshore slope. Their formation can 

occur naturally but is often attributed to an elevated berm design and a steep beach slope. 

Escarpment dissipation (or profile equilibrium) is dependent on sediment grain size 

combined with energetic conditions and is indicative of a beach that has reached 

equilibration (Liu et al., 2021). In conducting beach nourishments, it is important to 

consider the suitability of borrow area sand (grain size, composition, etc.) with respect to 

the native beach sediment in order to attain fill stability and longevity (Stauble, 2005; 

Pranzini et. al, 2018). Florida law allows BUDM to contain up to 10% greater fine 

Figure 1. Definition sketch for simplified 
inlet morphology (from Kraus, 2002). 
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content than the native sediment while traditional beach nourishment projects allow only 

5% increase in fine content (ASBPA, 2023). Studies on nourishments with BUDM have 

found that these sources are often more poorly sorted with larger grain size than the 

native sediment characteristics (Wang and Beck, 2012; Brown and Briggs, 2020). 

Figure 2. Beach nourishment design, displaying sand movement 
from the dry beach to the submerged beach, called profile 
equilibration (from Wilson et al. 2017). 
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To ensure that a project reaches profile equilibration it is important that the 

sediment characteristics resemble that of the native sediment. Otherwise, environmental 

impacts can arise as the altered beach profile responds to physical forces to distribute the 

sediment. When borrow material is of larger grain size than that of the native sediment, 

sediment transport is reduced as coarse grain sizes are heavier, increasing fall velocity 

(Kyu-Tae Shim and Kyu-Han Kim, 2023). The use of a larger grain size would create a 

steep sloping beach where wave energy is concentrated, rather than a gradually sloping 

beach where wave energy is dissipated seaward by the submerged portion of the beach 

profile (Benedet et al, 2004). Whereas, when borrow material is of smaller grain size than 

the native sediment, it has a much lower settling velocity, leading to its suspension in the 

water column for extended periods. Any significant variance in grain size can either 

expedite or prolong the equilibration process and prevent profile equilibration or a 

desired level of storm protection from being achieved (Stauble, 2005). 

 
 Effects on Nearshore Water Quality 

Periods of elevated suspended sediment concentration (SSC) in the water column 

occurs naturally, having a direct linear relationship with wave height (Dompe, 1993). 

During energetic conditions, sediment is transported offshore by undertow, where it is 

suspended in the water column (Brand et al, 2019). The influence of wave height in SSC 

creates a high level of temporal variability, making them difficult to capture in situ (Jones 

et al, 2015). Natural causes of elevated SSCs typically result in higher concentrations 

near the seabed. Elevated SSC levels are often associated with beach nourishment, but 

the degree of influence over natural causes depends on the granulometry of the fill 

sediment and mode of placement. Several studies have found elevated SSCs in the swash 
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zone related to nourishment projects using different sediment sources (Wilber et al, 2006; 

Chiva et al, 2018; Brown 2022). Through a series of time-series aerial images of pre- and 

post-nourishment in Jupiter, FL from 2020 to 2021, Brown (2022) captured numerous 

sediment plumes in the vicinity of the inlet and adjacent nourished beach. Based on the 

color and duration of the plume, Brown attributed these plumes to either the nourishment 

equilibration or river discharge. Nourishment related SSCs surpassed average sediment 

plumes both spatially and temporally and raised concerns for the implications on 

nearshore biota. Elevated suspended sediment concentrations have been found to reduce 

the growth and reproductive abilities of filtering adult bivalves (Wilber and Clarke, 

2001), increase respiration in two species of hard corals (Telesnicki and Goldberg, 1995), 

reduce the settlement and survival of coral larvae (Babcock and Smith, 2000), and result 

in the bleaching of coral, followed by mortality (P. Bessell-Browne et al., 2017). A 

significant issue associated with suspended sediment is light attenuation, which reduces 

the visual clarity of water and thus lowers a beaches’ aesthetic and perceived recreational 

value (Davies-Colley and Smith, 2001). Apart from the diminished aesthetics of coastal 

waters, an increased concentration of suspended sediment in the water column can affect 

other water quality parameters besides clarity. Suspended sediment has been linked with 

temperature as heat is absorbed and refracted by the particles suspended in the water 

column. Dissolved oxygen is reliant on atmospheric exchange from wave energy and the 

solubility of gasses in water, which is greatly affected by factors such as temperature and 

salinity. As temperature rises due to light absorption and refraction, the solubility of 

gases such as oxygen decreases (Starkey and Karr, 1984; Khan and Rajshekhar, 2020). 
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Prolonged changes in dissolved oxygen levels can modify community structure as 

intolerant species will avoid areas of low dissolved oxygen (Jack et. al, 2009). 

 

Importance 

Beach nourishment is an essential practice in Southeast Florida, specifically Palm 

Beach County, as the population continues to rise at unprecedented rates. The rapid 

development of Palm Beach County intensifies the erosion issue, placing the county at #2 

on Florida’s Department of Environmental Protection list of critically eroded beaches. 

With 33.6 miles of critically eroded beaches, 0.9 miles of non-critically eroded area, and 

8.0 miles of critically eroded inlet shoreline, Palm Beach County beach erosion poses a 

significant threat to development and recreational use of beaches (FDEP, 2022). As 

suitable sand sources are depleting due to the frequency of such projects, heightened 

environmental threats from the use of incompatible sediment continues to rise. Further 

research documenting the beaches’ response to differing sediment sources and associated 

changes in water quality parameters are important for coastal managers moving forward. 

Additional research can aid in maintaining a healthy beach and nearshore environment 

while accommodating to the growing population and tourism rates.



9	

OBJECTIVES 

This project aims to compare two nourishment projects using inlet sources for 

changes in water quality, sedimentology, and morphology at two geographically similar 

locations in southeast Florida. Relatively few studies have been conducted to compare 

inlet nourishments in southeast Florida for changes in sedimentology that include its 

subsequent effects on water quality. This study focuses on three central research 

questions: (1) Will Jupiter Beach Park and South Inlet Park Beach display differences in 

post nourishment profile equilibration?, (2) Does beach nourishment effect nearshore 

suspended sediment levels?, and (3) Does elevated suspended sediment concentration 

effect other water quality parameters like temperature, salinity, dissolved oxygen? 
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MATERIALS AND METHODS 

Study Sites 

The study area includes two inlet adjacent beaches in Palm Beach County, 

Florida (Figure 3) with nourishment projects constructed using dredged material from 

their associated inlet systems in February of 2023: Jupiter Beach Park, immediately south 

of Jupiter Inlet and South Inlet Park Beach, immediately south of Boca Inlet. Each site 

was sampled prior to and following nourishment to quantify spatiotemporal change in 

sediment characteristics, morphology, and water quality at two geographically similar 

locations (i.e. inlet adjacent, east facing, tidal range, and wave height), but with varying 

nourishment volumes and inlet sources (Table 1). 

Jupiter Inlet contains a 6.58-acre sand trap 304.8 meters west of the inlet mouth 

which collects sediment that migrates into the inlet (Figure 4). Dredging began on April 

3, 2023, and was completed by May 1, 2023, with ~80,278 cubic meters of accreted 

material dredged from the Jupiter Inlet sand trap and placed over ~1.61 kilometers of 

coast spanning from Jupiter Park to Carlin Park (from FDEP R-monuments R13.5 to 

R19). The project, permitted by USACE and FDEP, aims to secure safe passage through 

the inlet, combat downdrift erosion, and contribute to the net south longshore drift, which 

is hindered by the inlet (Jupiter Inlet District, 2023). 
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Boca Inlet has an ebb shoal directly offshore of the inlet mouth which accretes 

sediment bypassing the inlet (Figure 5). Approximately 282,885 cubic meters of accreted 

sediment was dredged from the ebb shoal over a 9-week period beginning mid-March 

and was completed by May 1, 2023 (Figure 6). Sediment was placed over ~2.25 

kilometers of beach, spanning beyond Boca city limits to Deerfield Beach and Hillsboro 

Beach. The south Boca Raton beach nourishment project shared similar goals with 

Jupiter Inlet District, aiming to restore and maintain beaches south of Boca Raton Inlet, 

uphold safe inlet navigation for vessels, and counteract long-term beach erosion (The 

City of Boca Raton, 2023).  

Both Jupiter Beach Park and South Inlet Park Beach were sampled prior to inlet 

dredging and placement (February, 2023). Sampling was repeated every 5-6 weeks 

following project completion (May, 2023) through the end of hurricane season 

(November, 2023). The pre-nourishment sampling (February) took place on February 22, 

2023, to capture background conditions. One cross-shore transect was chosen from 

Jupiter Beach Park (R14) and 1 transect from South Inlet Park Beach (SI-2) from existing 

GPS monuments to be representative of pre-nourishment conditions. The first post-

nourishment sampling occurred on May 24, using the same transects before adding 4 

additional transects to both Boca Raton and Jupiter sites (SI-1 & SI-3-SI-5 and R13-

R13a, & R15a-R16) totaling 10 transects over the study area for the remaining sample 

Events 3-6. 
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Table 1. Project timeline including each nourishment project and sampling events. 

R13 
 
R13 
 
R13 
 
R13 

R13a 
 
R13a 
 
R13a 
 
R13a 

R14 
 
R14 
 
R14 
 
R14 

R15a 
 
R15a 
 
R15a 
 
R15a 

R16 
 
R16 
 
R16 
 
R16 

Jupiter 
Beach 
Park 
(5) Cross-
shore 
transects 

SI-1 
 SI-2 
 SI-3 
 SI-4 
 SI-5 
 

South 
Inlet Park 
Beach  
(5) Cross-
Shore 
transects 
 
 
 
 Figure 3. Map of the study area showing two sites in Palm Beach County, 

Florida: Jupiter Beach Park (R13-R16) and South Inlet Park Beach (SI1-SI5). 

Jupiter Beach 
Park  
 

South Inlet Park 
Beach 
 

Non-nourished 

Non-nourished 

Jupiter Beach Park (Jupiter, Fl) South Inlet Park Beach (Boca Raton, Fl)
2/22/23 Sample Event 1 Sample Event 1
3/6/23  Dredging & placement begins

3/31/23 Preliminary DO readings acquired Preliminary DO readings acquired
4/3/23  Dredging & placement begins
5/1/23 Project complete ~80,278 m3 placed Project complete ~282,885 m3 placed

5/24/23 Sample Event 2 Sample Event 2
7/13/23 Sample Event 3 Sample Event 3
8/24/23 Sample Event 4 Sample Event 4
10/5/23 Sample Event 5 Sample Event 5
11/20/23 Sample Event 6 Sample Event 6
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Figure 4. Topobathy elevation of Jupiter Inlet, showing the bathymetry of 
the inlet throat and the surrounding shoreline from 2/24/23 to 4/3/23 . 
Contours are in feet at one foot (1’). (Jupiter Inlet District, 2023).  
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Figure 5. Topobathy elevation map of Boca Raton Inlet, showing the 
bathymetry of the inlet throat and the surrounding shoreline  from 5/17/22 
to 6/2/22. Contours are in feet at 2 feet (2’). (survey conducted by ATM) 
(The City of Boca Raton, 2022).  


