
- i - 

 
 
 

 
 
 

 
 

Numerical Modeling of 

Singer Island Shoreline Evolution 

and Evaluation of Beach Stabilization 

Alternatives 

 



- ii - 

TABLE OF CONTENTS 
 
            PAGE 
1.0  INTRODUCTION  

1.1  Authorization 1

1.2  Purpose and Scope 1
 

2.0  BACKGROUND 

2.1  General  2

2.2  Littoral Drift 4

2.3  Historical Shoreline Changes 5

2.4  Site Conditions 5
 

3.0  NUMERICAL MODELING AND CALIBRATION 

3.1  General 7

3.2  Wave Analysis 7

3.3  Model Calibration – Littoral Drift 10

3.4  Model Calibration – Shoreline Changes 11
 

4.0  SHORT-TERM FLUCTUATION MECHANISMS 

4.1  Onshore-Offshore Sediment Transport and Perched Beach  15

4.2  Unsteady Upcoast Littoral Drift and Rocky Headland  16

4.3  Conclusions  17
 

5.0  SHORELINE STABILIZATION ALTERNATIVES 

5.1  General 19

5.2  Alternatives for Hotspot at R-67 20

 5.2.1  Alternative 1A – Do Nothing 20

 5.2.2  Alternative 1B – Nearshore Breakwaters 20

 5.2.3  Alternative 1C – Nearshore Breakwater with Beach Pre-

fill 

21

5.3  Alternatives for Hotspot at R-62 21

 5.3.1  Alternative 2A – Do Nothing 22

 5.3.2  Alternative 2B – Beach Nourishment 23

 5.3.3  Alternative 2C – Beach Pre-fill with Artificial Headland 



- iii - 

Control 

5.4  Alternative 3: Regional Alternative for Hotspots R-62 and R-

67 

24

5.5  Evaluation of the Alternatives 25

5.6  Impact of Juno Beach Nourishment 27
 

6.0  CONCLUSIONS AND  RECOMMENDATIONS 28
 

REFERENCES 31
 

APPENDIX A  TABLES 
 

APPENDIX B  FIGURES 
 

APPENDIX C  COST ESTIMATES OF SHORELINE STABILIZATION 
ALTERNATIVES 

 

APPENDIX D  PHOTOGRAPHS 

 

LIST OF TABLES IN APPENDIX A 
 

TABLE DESCRIPTION 

1 Lake Worth Sand Transfer Plant Pumping Record  

2 Deep water wave height and wave angle statistics  

3 Deep water wave period and wave angle statistics  

 
LIST OF FIGURES IN APPENDIX B 

 

FIGURE DESCRIPTION 

1 Location map, Singer Island, Palm Beach County 

2 Historical shoreline changes 

3 General modeling procedure 

4 Deep water wave roses – Station WIS13 

5 Digitized bathymetry 

6 Shallow water wave roses 



- iv - 

7 Beach profiles for R-53, R-62, R-67 and R-72 in 2000 

8 Model results from Feb. 1985 to Mar. 1993 

9 Comparison of modeled and actual shoreline location 

10 Histogram of residuals between the predicted and actual 
shoreline positions 

11 Historical shoreline fluctuations between R-67 and R-69 

12 Perched beach evolution 

13 Profile R-68 in 1990 and 2000 

14 Illustration of shoreline fluctuation between R-67 and R-69  

15 Alternative 1A: Do nothing 

16 Alternative 1B: Nearshore breakwaters 

17 Alternative 1C: Nearshore breakwaters and beach pre-fill 

18 Alternative 2A: Do nothing 

19 Alternative 2B: Beach nourishment  

20 Alternative 2C: Beach pre-fill and artificial headland 

21 Alternative 3: Beach pre-fill, artificial headland and 
breakwaters 

 



 

-   1

1.0 – INTRODUCTION 
 

1.1 Authorization 
Coastal Systems International, Inc. (Coastal Systems) was authorized by the 

Department of Environmental Resources Management (ERM), Palm Beach County, to 

perform a coastal engineering study on the shoreline stabilization of Singer Island, 

located on the east coast of Palm Beach County, Florida.  The project location is illustrated 

in Figure 1 in Appendix B. 

 

1.2 Purpose and Scope 
The purpose of this study was to assess the performance of alternative configurations of 

shoreline stabilization structures with respect to storm protection and recreational 

benefits. In order to evaluate the proposed shore protection alternatives, the state-of-

the-art LITPACK numerical modules were applied.  

 

The study area extends from Lake Worth Inlet northward, covering the Singer Island 

shoreline between Palm Beach County FDEP Monuments R-50 and R-75.  The study 

was conducted utilizing MIKE21 and LITPACK numerical modeling packages as 

developed by the Danish Hydraulic Institute. 

 

The scope of work in this study includes the following: 

 

•  Site investigation and collection of data, which includes collection and review of base 

maps, sediment characteristics, historical shoreline, cross-shore profile, wave 

climate, and other related data; 

•  Numerical modeling of sediment budget and shoreline evolution, which includes 

offshore and nearshore wave analysis using MIKE21, littoral drift analysis and 

shoreline evolution study, and model calibration using the LITPACK modules; 

•  Assessment of conceptual design alternatives, which includes an assessment of 

proposed shoreline stabilization alternatives at several hotspots.  
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2.0 – BACKGROUND 
 
2.1 General 
Singer Island is a stretch of barrier island on the east coast of Florida, intersected by 

Lake Worth Inlet to the South and by Lake Worth to the West.  The east coast of Florida 

changes its shoreline orientation at this location, making the Singer Island coast the 

most protruding continental point along the east coast of Florida.  Past research and 

observations have demonstrated that the Singer Island coast experiences significant 

short-term fluctuations that are not due to seasonal wave climate changes. Rock 

outcroppings, which are found throughout this area, act as partial littoral barriers and 

contribute to these fluctuations.   

 

Lake Worth was originally a landlocked freshwater lake that was only open to the 

Atlantic Ocean at high water when the sea breached the ridge at the north end.  

Historically, continuous effort was made to cut an inlet but all the inlets appeared to be 

unstable.  The dredging of the present Lake Worth Inlet was initiated in 1918, followed 

by the installation of two parallel rock jetties in 1925.  During the period of 1935 and 

1939, the jetties were rebuilt and extended to a length of approximately 2,000 feet in 

total. At present time the north jetty has no effective length due to the impoundment of 

sand on its north side.  On the other hand, severe erosion has occurred to the south of 

the inlet and a majority of the south jetty is now exposed.   

 

The continual accretion to the north and erosion to the south of the inlet resulted in the 

need for sediment bypassing of the inlet. Therefore, the construction of a sand transfer 

plant along the north jetty began in 1958, and the plant has operated more or less 

continuously on an as-needed basis since September 1958.  The reported pumping 

rates vary with the seasonal littoral drift rates, ranging from 75 cubic yards per day 

during the summer to some 800 cubic yards per day in winter (U.S. Army Corps of 

Engineers, 1987).  In 1990, the sand transfer plant was shut down when the transfer 

pipe, which lay in a trench along the inlet floor, rusted through and became non-

operational.  After six years of inactivity, the sand transfer plan was functioning again in 
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May 1996 following a major repair and upgrade. From 1999 to 2001, the annual 

pumping rate was maintained at approximately 220,000 cubic yards. The detailed 

historical sand transfer plant pumping record is shown in Table 1 in Appendix A. 

 
Significant short-term fluctuations of accretion and erosion have been observed at some 

locations along the Singer Island coast. As a result, a number of engineering studies 

have been conducted to assess the historical shoreline position and volumetric changes 

along the coastline of Singer Island.  In 1987, the U.S. Army Corps of Engineers 

proposed a 1.4 million cubic yard beach nourishment project extending from the John D. 

MacArthur Beach State Park into Riviera Beach.  Subsequently, feasibility studies have 

been conducted to assess the need for shoreline protection structures along Singer 

Island.  Some of the recent studies include the following:  

 

•  “Singer Island Shore Protection Project Feasibility Study and Preliminary 

Environmental Assessment”, Coastal Planning & Engineering, Inc. (CP&E), 1993; 

•  “Singer Island Breakwater Project Shoreline Change Model Study”, Coastal Planning 

& Engineering, Inc. (CP&E), 1994; 

•  “Singer Island Breakwaters Design Summary”, Coastal Planning & Engineering, Inc. 

(CP&E), 1995; 

•  “Singer Island Shoreline Monitoring”, Coastal Systems International, Inc. (CSI), 

August 1999.  

 

In 1993, Coastal Planning & Engineering, Inc. (CP&E) conducted a feasibility study on 

Singer Island shore protection and assessed two shoreline stabilization alternatives.  

One of the shoreline stabilization alternatives was to install nearshore breakwaters at 

two shoreline segments (R-61 to R-62 and R-67 to R-69).  The other alternative was 

beach nourishment.  The breakwater alternative was recommended due to the lower 

cost.  In 1994, CP&E conducted shoreline change numerical model study using the 

GENESIS model developed by USACE in order to refine the design of the preliminary 

breakwater design.  In the numerical study, significant assumptions were made during 

the calibration phase.  The numerical modeling results showed that the GENESIS 
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model could not predict shoreline changes at Singer Island coast with a significant level 

of confidence.  Although the stabilization project of nearshore breakwaters was later 

designed and subsequently permitted, the breakwaters were never installed due to lack 

of grant funding generally provided by the state for these projects.  

 

In this study, numerical simulations of shoreline evolution along the Singer Island coast 

were conducted using the numerical shoreline model LITPACK. The numerical model 

was calibrated against the historical shoreline data, and the calibrated model was used 

to simulate and evaluate the proposed shoreline stabilization alternatives.  

 

2.2 Littoral Drift  
Because of the dominant northeasterly waves, the net littoral drift on the Singer Island 

coast is to the South, although temporary, seasonal reversals do occur.  The net and 

gross littoral drift rates have been estimated previously by the following methods 

(USACE, 1987). 

 

•  U.S. Army Corps of Engineers (USACE) determined littoral drift rates at numerous 

locations along the Florida coastline by various methods including the analysis of 

dredging records, volumetric surveys, and pumping records at existing bypass 

plants.  

•  Using shipboard wave observations as a primary data source, Walton (1976) used 

longshore energy flux theory in conjunction with statistical techniques to predict 

littoral drift rates.  

•  Based on wave data generated by the Atlantic Coast Wave Information Study, 

sediment transport for three stations in Palm Beach County were computed using 

procedures described in the Shore Protection Manual. 

 

The littoral drift rate estimates at Lake Worth Inlet obtained from above are summarized 

in the following table: 
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Littoral Drift Estimate at Lake Worth Inlet (USACE, 1987) 
(Cubic yards / year) 

Item USACE (1971) Walton (1979) 
WIS Hindcast 

(1983) 
Net to South  230,000  336,000 295,000 

Gross  ------- 762,000 440,000 

 

The large variance among these littoral drift rate estimates reflects the complex nature 

and the difficulty in the assessment of sediment transport at Singer Island coast.  Due to 

the lack of field data support in the approaches of Walton (1976) and WIS Hindcast 

(1983), the net littoral drift rate of 230,000 cubic yards per year estimated by USACE 

(1971), is considered the most reliable littoral drift estimate published to date. 

 

2.3 Historical Shoreline Changes 
Historical shoreline changes were assessed based on aerial photographs.  Aerial 

photographs of a number of selected years that are considered to reflect the long-term 

shoreline changes were digitized for comparison purposes.  Figure 2 in Appendix B 

shows the shoreline position between R-43 and R-75, for 1983 (November), 1985 

(February), 1991 (August), 1992 (August), 1993 (July), and 2000 (August).  It is seen 

from Figure 2 that the Singer Island shoreline is generally stable, with significant 

shoreline fluctuation in the section between R-67 and R-69.  Another section of 

shoreline fluctuation of less significance is also identified between R-57 and R-60. 

 

Detailed historical shoreline position and volumetric changes for the shoreline between 

R-60 and R-75 have been assessed by CP&E (1994) and more recently by Coastal 

Systems (1999). 

 

2.4 Site Conditions 
On January 23, 2002, a site visit was conducted by Mr. Harvey Sasso, Mr. Adam Shah, 

and Mr. Gang Yang of Coastal Systems and Ms. Sandy Tate of ERM, Palm Beach 

County, to observe the existing beach conditions and the three hotspots.  Based upon 
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observations and a review of historical data, the site conditions can be summarized as 

follows: 

 

•  The shoreline in the vicinity of R-57 has undergone fluctuations, as shown in Figure 

2(a).  A small crenulate shaped bay was observed, as shown in Photos #1 and #2 in 

Appendix D. 

•  The beach in the vicinity of R-62 has undergone severe erosion recently.  The dune 

at the foot of the condominiums has been losing sand heavily during the recent 

fall/winter season.  Scarps in the dune exceeding 15 ft. in height have been created, 

as shown in Photos #3 and #4 in Appendix D.  During the site visit, preparations 

were being made to place approximately 6,500 cubic yards sand at the base of the 

scarp. 

•  The beach between R-67 and R-69 has undergone significant fluctuations as shown 

in Figure 2(c). Rock outcroppings approximately 8-10 ft. above sea level were 

observed in the vicinity of R-67, as shown in Photo #5 in Appendix D.  The rock 

outcroppings are attached to the shore and form a natural headland.  To the south of 

this headland, heavy erosion has been observed during severe storm events.  In 

calm weather, an emergent sand bar tends to build in the vicinity of the offshore 

hardbottom between R-67 and R-69 (see Photo #6 in Appendix D), which grows and 

connects to the downcoast beach, forming a lagoon on the shoreward side.  The 

lagoon then fills with sand and is eventually eliminated and turned into a wide beach. 

•  The southern part of the beach between R-70 and R-75 has been generally stable 

over the past several years. 

•  A one million cubic yard beach nourishment project along 2.4 miles of shoreline at 

Juno beach, which is located north of the project site, was completed in February 

2001.  The project will induce a short-term surplus of southward littoral drift, which 

may impact the Singer Island coast in the near future.  

 

The observations indicate that the three hotspots at R-57, R-62 and R-67 are areas of 

critical concerns, and are therefore the focus of this study. 
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3.0 – NUMERICAL MODELING AND CALIBRATION 
 
3.1 General 
Beach sediment transport is mostly caused by breaking waves and surf in the 

nearshore, combined with various horizontal and vertical patterns of nearshore currents. 

 Important factors influencing sediment transport include wave conditions, current 

conditions, water levels, bathymetry, sedimentology, sources and sinks of sediment 

(inlets, beach re-nourishments, etc.), and coastal structures. 

 

The use of numerical modeling software to study historical shoreline evolution and to 

optimize the design of beach stabilization structures is essential to any successful 

beach protection project.   Through LITPACK model, shoreline changes are numerically 

simulated by successively applying a sediment transport model (LITDRIFT) to a project 

shoreline that has been divided into grid points.  The sediment transport model uses 

site-specific wave, sediment, and profile information to calculate instantaneous 

sediment transport rates at every grid point.  This instantaneous sediment transport rate 

is used to simulate the change in shoreline for each wave event.  The shoreline is then 

updated in the model before proceeding with the next wave event, as a result this 

iterative procedure simulates the evolution of the shoreline through a simulation time 

period.  

 

In this study, the state-of-the-art sediment transport numerical modeling software, 

LITPACK, developed by the Danish Hydraulic Institute (DHI), was utilized to study the 

shoreline evolution and to assess the beach stabilization alternatives.  First, the deep 

water wave climate was analyzed.  Then the shallow water wave climate was predicted 

using the MIKE21 NSW numerical model.  Utilizing the derived shallow water wave 

climate and the sedimentology, as well as cross-shore profile data, the shoreline 

numerical models were set up, calibrated, and validated.  This procedure is illustrated in 

Figure 3 in Appendix B, and is described as follows.  
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3.2 Wave Analysis 
In this study, comprehensive wave analysis was carried out to transform the offshore 

waves into the nearshore area.  First, statistical analysis was conducted on deep water 

hindcast wave data.  Then the wave propagation modeling software, MIKE 21 NSW, 

was utilized to transform the waves from the deep water to the nearshore shallow water 

area.   

 
Deep Water Waves 
The offshore wave data for the project site were obtained from the U.S. Army Corps of 

Engineers through their Wave Information Study (WIS) and Coastal Field Data 

Collection Program.  These data are based on the results of a 20-year (1976 – 1995) 

hindcast study performed using a directional spectral wave hindcast model (WISWAVE 

2.0, Hubertz, 1992).  The hindcast incorporated twenty years of meteorological 

information including tropical storms and hurricanes.  Hindcast results for every 3 hours 

from 1976 through 1995 are available for a number of stations.  Station #13, located 

approximately 12.5 miles northeast of Ocean Reef Park, (Latitude 27o N and Longitude 

80o W), was selected for the study.  

 

Statistical analysis was conducted on the 20-year WIS 13 hindcast wave database, and 

wave data were grouped into a number of wave height intervals and wave angle bands. 

For this study, the wave height interval was 1.6 ft. (0.5 m) and the wave angle band 

interval was 10 degrees.  For each wave height/wave angle combination, the 

corresponding overall percentage occurrence and the average wave period were 

calculated.  Tables 2 and 3 in Appendix A show the results of this analysis. This 

information is also plotted as a wave rose, as shown in Figure 4 in Appendix B.  The 

wave rose is a directional bar plot, with its angles representing the bands of incident 

wave direction, the bar length representing the percentage occurrence to scale, and the 

colors representing the wave height increments. 

 

As seen in Tables 2 and 3, and Figure 4, approximately 27% of all deep water waves 

approached the Singer Island shoreline from the Northeast between 45o N. and 55o N. 
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(50o angle band), with an associated average wave period for each wave height interval 

varying from 10 s to 14 s.  The next two predominant wave directions were the 70o 

angle band (18%) with an associated average wave period varying from 9 s to 11 s, and 

the 60o angle band (13%) with an associated average wave period varying from 12 s to 

20 s.  These northeasterly waves totaled 58% of waves from all directions.  It is also 

noted that the predominant wave heights (Hmo) were the 2.5 ft. band (1.6 ft. to 3.3 ft., 

37.8%) and the 4.1 ft. band (3.3 ft. to 4.9 ft., 26.7%).   

 

MIKE21 NSW Model and Shallow Water Wave Climate 
The nearshore wave climate was determined using the Nearshore Spectral Waves 

(NSW) model of the MIKE21 software.  MIKE21 NSW determines the propagation, 

growth and decay of waves in coastal areas, and includes the effects of shoaling, 

refraction, breaking and directional spreading. 

 

MIKE21 NSW performs wave propagation simulations by using a finite difference 

technique.  The area of interest is digitized into a number of rectangular grids utilizing 

bathymetric data and/or nautical charts. Then, initial wave characteristics and boundary 

conditions are set, and wave properties such as height and angle are calculated at each 

grid point through a marching procedure in the predominant wave propagation direction. 

 

An area of 23 miles x 23 miles covering a wide range of the coast of the Palm Beach 

County was digitized to provide bathymetry information for the NSW model.  The 

digitized area is shown in Figure 5 in Appendix B.  The digitization was conducted 

based on the bathymetry information on NOAA Chart 11466 and recently collected 

nearshore bathymetric survey data. Note that the entirety of Lake Worth and the 

onshore structures are not shown in Figure 5 for the purpose of simplification. 

 

It was estimated that the closure depth, the depth beyond which no significant 

longshore transport takes place due to littoral transport processes, was in the order of 

25 to 33 ft.  A water depth of 33 ft. (10 m) was selected as the offshore boundary of the 

LITPACK models. The wave climate at a water depth of 33 ft. was then extracted from 
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the NSW model results, and served as the wave climate input boundary conditions to 

the LITPACK models. From the offshore boundary to the shoreline, wave shoaling, 

refraction and breaking effects were determined by the LITPACK model.   

 

NSW simulations of wave propagation were conducted for each onshore deep water 

wave height/wave angle (0 to 180 degrees) listed in Table 2 in Appendix A.  The output 

wave climate information (wave height, wave period, wave angle) at selected locations 

was then assembled with the associated percentage occurrence to form an average 

annual nearshore wave climate.  These were later utilized to generate wave time series 

required by the LITPACK models.  

 

As seen in Figure 1, the Singer Island coastline changes its orientation between R-66 

and R68.  This change in the shoreline orientation and the associated change in seabed 

contour orientation have significant effect on wave shoaling and refraction.  The varying 

nearshore wave climate along the Singer Island coast is one of the most important 

factors influencing the shoreline evolution.  To take into account the effect of varying 

wave climate, nearshore waves at four different areas R-53, R-62, R-67, and R-72 were 

selected to represent the overall nearshore wave climate along the Singer Island coast. 

 The approximate locations and the wave roses for these four areas are shown in Figure 

6 in Appendix B. It is seen from Figure 6 that the wave angles of the most dominant 

waves shift more easterly from the northern areas to the southern areas.  This indicates 

a greater degree of refraction is occurring in the southern region than in the northern 

region.   

 

3.3 Model Calibration – Littoral Drift 
Numerical modeling of the sediment budget was carried out using the LITDRIFT module 

of LITPACK as a part of the calibration and validation process.  LITDRIFT is a numerical 

model which consists of the following two parts: 

 

•  A hydrodynamic model which simulates the propagation, shoaling and breaking of 

waves, and calculates of the wave-induced current generated by the gradient in 
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radiation stresses in the surf zone on complex coastal profiles with longshore sand 

bars.  

•  A sediment transport model, STP, which assesses the sediment transport rate of 

non-cohesive material in waves and currents at specified points.  In LITDRIFT, STP 

calculations are performed successively along a cross-shore profile, and the results 

are integrated to obtain the total longshore sediment transport rate.  

 

Important inputs to a LITDRIFT model include the annual wave climate with percentage 

occurrence (i.e. event duration wave climate), digitized cross-shore profiles, and 

sediment characteristics (sand size, fall velocity, geometric spreading) along the profile. 

  

 

Littoral drift at four representative locations corresponding to the selected areas of wave 

climate was studied.  The beach profiles surveyed in 2000 for these locations are 

illustrated in Figure 7 of Appendix B. 

 

The gross and net sediment transport predicted using LITDRIFT based on an annual 

average wave climate are listed in the following table: 

 

Table of Predicted Sediment Transport 
 

Profile Wave Climate 
Gross Sediment 

Transport 
Net Sediment Transport 

(Southward) 
R-53 Area 4 303,000 cy 207,000 cy 

R-62 Area 3 287,000 cy 191,000 cy 

R-67 Area 2 314,000 cy 201,000 cy 

R-72 Area 1 281,000 cy 222,000 cy 

 

It is seen from the above table that the predicted net sediment transport at R-72 agrees 

with the estimated littoral drift at Lake Worth Inlet of 230,000 cubic yards by USACE. 
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3.4 Model Calibration – Shoreline Changes 
As a part of the calibration and validation process, numerical simulation of historical 

shoreline evolution was carried out using the LITLINE module of LITPACK.  LITLINE 

calculates the coastline position based on a time series wave climate.  The model is 

based on one-line theory, in which the shape of the cross-shore profile is assumed to 

remain unchanged during erosion/accretion.  LITLINE takes into account the effects of 

varying wave climate and varying cross-shore profiles along the coastline.  The model 

also includes the effects of structures such as groins, jetties, revetments, detached 

breakwaters, sources, and sinks.  During the numerical simulation, LITLINE retrieves 

and interpolates sediment transport values from a sediment transport table, which was 

created by the LITDRIFT model.   

 

From the digitized historical shoreline data (see Figure 2 in Appendix B), an eight-year 

period from February 1985 to March 1993 was selected for the purpose of the numerical 

model calibration.  The coastline change during this period is considered to reflect the 

general long-term trend for the region. 

 

The deep water wave climate for the period from February 1985 to March 1993 was 

extracted from the WIS 13 database.  From the WIS data, a pseudo wave time series 

consisting of the combinations of wave height/period/angle was formed.  This pseudo 

wave time series was used as input in the NSW model to compute the nearshore wave 

climate at a 33 ft. (10 m) water depth in the four representative areas.  Finally the wave 

climate was re-assembled to form the shallow water wave climate time series for 

LITLINE application. 

 

In the LITLINE model, the digitized coastline data for February 1985 was used as the 

initial coastline data.  The coastline was represented by 970 grid points at a spacing of 

33 ft. (10 m), and covered the coast from R-43 to R-75.  The section between R-43 and 

R-50 served as a dummy coastline in the LITLINE model, where shoreline position was 

likely affected by the unknown sediment transport from the north.  The varying wave 

climate along the coastline was modeled by the interpolation between the adjacent 
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representative wave climate time series at the four different locations.  The shore-

attached rock outcroppings at R-57 and R-67 were simulated as groins.  Similarly, the 

north jetty at the Lake Worth Inlet was simulated as a groin.  The sand transfer plant 

located at the north side of the jetty was simulated as a sediment sink.  By applying the 

shallow water wave climate time series, the time-history of beach evolution for the eight-

year period from February 1985 to March 1993 was simulated using the LITLINE model. 

 The modeled coastline results were compared with the digitized 1993 coastline data, 

and statistical analysis on the differences between the modeled and digitized coastline 

was carried out to evaluate the accuracy of the LITLINE model results.  The comparison 

and analysis, following the method described in “Proposed Minimum Standards for 

Comparing Shoreline Model Results with Data” (February 12, 2002, E.R. Foster, 

FDEP), are discussed as follows: 

 

•  Plan view plots: The modeled coastline position for March 1993, together with the 

digitized coastline data for February 1985 and March 1993, are shown in Figure 8 in 

Appendix B. It is seen from Figure 8 that the LITLINE model results agree well with 

the digitized coastline data.  Particularly, the LINTLINE model successfully simulated 

the erosion between R-57 and R-62, the accretion between R-62 and R-67, the 

erosion between R-67 and R-69, and the accretion between R-71 to R-75.   

•  Correlation and regression coefficients:  A scatter plot for the modeled coastline 

results versus the digitized coastline data was created, as shown in Figure 9 in 

Appendix B.  A least squares linear fit to the data was performed to study the 

correlation and regression between the modeled results and the digitized coastline 

data.  Theoretically, a correlation coefficient of 1.0 and a regression coefficient of 1.0 

indicate a perfect fit between the two sets of data.  In this case, the calculated 

correlation coefficient is 0.99995, and the calculated regression coefficient is 1.0005. 

 These indicate that very good agreement is obtained between the modeled results 

and the digitized coastline data. 

•  Statistical test of the residuals:  To further establish a high level of statistical 

significance, the residuals (differences) between the numerical modeling results and 

the digitized shoreline data at all computed grid points were statistically examined.  
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The residuals were grouped into a number of blocks, and the number of occurrences 

for each of these residual blocks was plotted in terms of a histogram, as shown in 

Figure 10 in Appendix B.  The histogram shows that the residuals follow a normal 

distribution.  The mean, the standard deviation, and the root mean square error of 

the residuals are 1.7 ft., 34.6 ft., and 34.6 ft. respectively. The calculated “t” value for 

the mean, which is 1.5, less than the critical “t” value for two-tail limit, 2.575, for the 

confidence level of 99%.  This indicates that the residuals have passed the t-test at 

the 1% significance level, i.e. there is less than 1% of probability that the numerical 

modeling results are statistically invalid.  The numerical model is therefore 

considered reliable. 

 

The above analysis indicates that the calibrated model accurately predicts the general 

long-term shoreline erosion.  However, it is worthwhile to note that the predicted 

shoreline position for two sections between R-57 to R-58 and between R-67 to R-69 did 

not correlate well with the actual shoreline position. The discrepancies between the 

numerical model results and the digitized shoreline at these two spots are much higher 

than those at other locations.  It was discovered that these areas experienced relatively 

high levels of short-term shoreline fluctuations.  Short-term shoreline fluctuations cannot 

be duplicated by the present numerical one line models due to the inherent simplifying 

assumptions.  In the following section, potential short-term fluctuations are discussed 

from a theoretical perspective. 
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4.0 – SHORT-TERM SHORELINE FLUCTUATION MECHANISMS 
 

Although the LITLINE model predicts the long-term shoreline evolution very well, as 

demonstrated in Section 3.4, it is not able to simulate the short-term fluctuations that 

occur in some areas of the Singer Island coastline due to the underlying one-line 

simplifications in cross-shore profile evolution. Thus an effort was made in this study to 

examine the mechanisms of the short-term fluctuations at one particular hot spot 

between R-67 and R-69.  

 

Historically, shoreline fluctuations have been significant at the section of shoreline 

between R-67 and R-69.  Photos in Figure 11 in Appendix B show the eroded shoreline 

in March 1993 and the accreted shoreline in August 2000.  Note that the majority of the 

exposed hardbottom between R-67 and R-68 in March 1993 was buried by sand in 

August 2000. The magnitude of shoreline fluctuation at R-67.5 between these two years 

was in the order of 230 ft.  It is hypothesized that the fluctuations at this location are due 

to the following: 

•  Onshore and offshore sediment transport and perched beach; 

•  Unsteady upcoast littoral drift and rocky headland. 

 

4.1   Onshore – Offshore Sediment Transport and Perched Beach 
A sloping equilibrium beach profile is normally accepted as the preferred stable shape 

of a non-barred beach.  It is generally assumed that this profile will shift onshore and 

offshore in response to erosional/accretional stresses, but will keep the same shape.  

This profile change will occur down to the closure depth beyond which no change 

occurs.  This is shown in Figure 12(a).   

 

In contrast, a perched beach implies that the toe of the beach profile is supported by 

some other structure, in this case hardbottom outcroppings. In calm weather, sediment 

movement is towards the shore, and sand accumulates above the perch.  However this 

perched profile is unstable and is easily eroded during periods of intense wave activity.  

Figure 12(b) shows a perched beach anchored by a hardbottom outcrop and shows the 
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perched beach in an eroded and non-eroded state.  Note that the intensity of profile 

change is greater above the hardbottom than below; in contrast to the equilibrium profile 

for which the degree of change is uniform.  It is also evident that a small change in 

volume is responsible for a greater fluctuation of the shoreline position when compared 

with the equilibrium profile; this has the effect of concentrating and exaggerating the 

effect of erosion near the shoreline.  

 

As seen from the 1993 photo in Figure 11, nearshore hardbottom is present between R-

67 and R-69.  When the beach is eroded and the hardbottom is exposed, a perched 

beach is formed.  The surveyed profiles at R-68 in 1990 and 2000, as seen in Figure 13, 

show the location and elevation of the hardbottom. This figure shows that the beach in 

August 2000 was approximately 200 ft. wider that that in March 1990, and was 

extremely flat.  Compared to the profile in 1990, the 200 ft. wide beach in August 2000 

was formed by a relatively small volume of sand.  This agrees with the typical sediment 

movement over a perched profile as described above. 

 

The onshore-offshore sand movement on a perched beach is a complicated 

phenomenon, and very limited research has been conducted on the cross-shore 

dynamics of sediment movement on a perched beach. 

 

4.2  Unsteady Upcoast Littoral Drift and Rocky Headland  
Another major factor causing shoreline fluctuations is the presence of the natural rocky 

headland and the unsteady upcoast littoral drift.  As seen in the 1993 aerial photo in 

Figure 11, a crenulate bay shape was formed downcoast (south) of the rocky headland 

at R-67 when the beach was eroded.  This revealed that the fluctuations at this spot 

follow the evolution of a typical rocky headland (Silvester and Hsu, 1993).  Additionally, 

the upcoast littoral drift, which appeared to be unsteady at R-67, has a significant 

impact on the magnitude of the fluctuations.  

 

The rock outcroppings at R-67, which are approximately 8 to 10 ft. above the sea level, 

form a natural rocky headland. Under the action of severe northeasterly storm waves, a 
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crenulate shaped bay to the south of the headland tends to be created.  Typically a 

crenulate shaped bay caused by a rocky headland fluctuates under varying upcoast 

littoral drift conditions.  Figure 14 in Appendix B illustrates such a fluctuation process 

between R-67 and R-69.  The littoral drift at the location of the headland and that at the 

crenulate shaped bay are denoted as Q1 and Q2 respectively.  For dominant 

northeasterly waves, the sediment drift throughout the field is to the south.  When the 

littoral drift Q1 at the headland is less than the littoral drift Q2 at the bay, erosion occurs 

and a crenulate shaped bay is formed. When there is a large sand supply to the bay 

from the North, i.e. Q1 > Q2, an emergent sand bar across the bay will form and grow, 

enclosing at the downcoast beach and creating a landward pond of water.  The 

hardbottom between the R-67 and R-69 “guides” the sandbar to be formed right on the 

top of the hardbottom during this process.  A wide beach is eventually formed by the 

filling of the natural pond with sand. 

 

The unsteady upcoast littoral drift is mostly caused by excessive sediment movement 

during and after hurricanes and storms, as well as upcoast beach nourishment projects, 

interrupted dredging, and sand bypassing, etc. 

 

Several analytical or empirical simulation methods including logarithmic bay shape and 

parabolic bay shape have been developed (Silvester and Hsu, 1993).  It has been 

demonstrated that when the upcoast littoral drift is steady, the crenulate shaped bay 

adjacent to a headland is generally stable in the long term.  In such a situation, beach 

stabilization is needed only when the onshore structures are at risk of being damaged 

by storm waves. 

 

4.3  Conclusions  
As discussed above, the shoreline fluctuations observed at Singer Island coastline 

appear to be a very complicated case involving complex sediment movement in both 

cross-shore and long-shore directions, coupled with influences caused by the perched 

beach and the natural headland.   
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Engineering applications using artificial headland control including nearshore 

breakwaters have been successfully carried out in many cases.  Engineering 

experience with other headland projects has shown that nearshore breakwaters and 

other artificial headland structures can effectively control short-term shoreline 

fluctuations.  

 

To stabilize hotspots along the Singer Island coast, a number of shoreline stabilization 

alternatives are described and discussed in the following section.  In developing these 

alternatives, the concept and functionality of artificial headlands has been considered.  

The long-term updrift and downdrift effect of the artificial headlands, which is a key 

issue in many beach stabilization projects, has been numerically simulated and studied 

using the calibrated LITLINE model.  
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5.0 – SHORELINE STABILIZATION ALTERNATIVES 
 

5.1 General 
The majority of Singer Island shoreline appears to be stable over the long term, with a 

few hotspots undergoing erosion and/or short-term fluctuations.  Three hotspots have 

been identified at R-57, R-62, and R-67 respectively. The shoreline fluctuation at R-57 

is of relatively small magnitude, and should be closely monitored in the future without 

the need of any stabilization structure at the present time.  At R-62, the sand dune at 

the toe of the condominium has been severely eroded recently, resulting in an exposed 

seawall and greatly reduced storm protection to upland structures.  Between R-67 and 

R-68, shoreline fluctuation is substantial and the nearby structures are potentially at risk 

of being damaged by severe storm waves.  To further protect the upland properties and 

to create a wider, more stable beach for recreational purposes at these two hotspots, 

shoreline stabilization is needed.  Three alternatives for the hotspot at R-67 and for the 

hotspot at R-62 have been developed, which are discussed in the following sections.   

 

In the numerical simulation of these alternatives, a LITLINE model with a fine grid 

spacing of 3.3 ft. (1 m) was set up and used.  The digitized shoreline for 2000 was 

treated as the initial shoreline, a 10-year shallow water wave climate time series was 

generated from the previously calculated annual average shallow water wave climate, 

and the 10-year (and, in some cases, 5-year) time-history of shoreline evolution was 

simulated using the LITLINE model. 

 

It is noted that, as the natural headland at R-67 was represented by a groin in the 

LITLINE model, the LITLINE results showed an abrupt discontinuity in the vicinity of this 

location.  Thus in evaluating the numerical modeling results, revisions were made to the 

predicted shoreline based on the parabolic bay theory.  These revisions, termed as 

“Estimated Shoreline”, are represented as a dashed line in Figures 15 – 21, in contrast 

to the LITLINE results which are represented as solid lines. 
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5.2 Alternatives for Hotspot at R-67 
Three alternatives for the hotspot at R-67 were proposed and assessed.  These 

alternatives are: 

•  Alternative 1A: Do nothing; 

•  Alternative 1B: Nearshore breakwaters; 

•  Alternative 1C: Nearshore breakwaters with beach nourishment. 

 

5.2.1 Alternative 1A – Do Nothing 
Without any shoreline stabilization structure, the LITLINE model predicted long-term 

erosion between R-67 and R-69 for a 10-year period, as shown in Figure 15 in 

Appendix B. The predicted average erosion rate is approximately 20 ft/yr.  However, in 

the absence of any coastal improvements, it is expected that the area will continue to 

experience short-term fluctuations, and that the actual erosion rate will vary significantly 

from year to year.  

 

It is noted that, as observed in the past, the shoreline between R-67 and R-69 may 

retreat to a position where severe storm waves could impact the upland structures 

located near R-68.  Extra storm protection to these structures may be needed in such 

events, including revetments and/or emergency beach fill. 

 

There is no immediate cost associated with this alternative. But the cost due to the 

storm damage to the upland structures at R-68 and/or the cost of emergency storm 

protection of the structures may be very high.  Property owners at the three vulnerable 

structures can be expected to eventually apply for revetment permits with associated 

construction costs of approximately $500,000.  Loss of beach at the park will essentially 

remove any tourism/recreational value associated with the property. 

 

5.2.2 Alternative 1B – Nearshore Breakwaters 
This alternative includes the installation of three nearshore breakwaters between R-67 

and R-69.  Each breakwater is approximately 100 ft. long, and the gap between each 

breakwater is approximately 460 ft.  These three breakwaters are placed very close to 
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the existing shoreline, and will “lock” the beach sand in between them, and thus reduce 

the magnitude of shoreline fluctuation.  The numerical simulation results for a ten-year 

period are shown in Figure 16 in Appendix B.  It is seen that salients will form in the lee 

of the breakwaters, and the erosion between R-67 and R-68 is significantly reduced 

compared to Alternative 1A (do nothing).  Downdrift impacts include a slight recession 

of the shoreline south of the structures from the 2000 shoreline.  However this shoreline 

is a significant distance seaward of the 1993 shoreline, which represents the worst case 

shoreline.  Additionally, the downdrift impact is localized to the first 400’ south of the 

structures, beyond which the predicted shoreline maintains the 2000 position.   

 

The cost to design, permit and construct this alternative is estimated at $550,000.  The 

details of this cost estimate are shown in Appendix C.  

 

5.2.3 Alternative 1C – Nearshore Breakwaters with Beach Pre-fill 
This alternative includes approximately 300,000 cubic yards of beach pre-fill between R-

67 and R-70, and the installation of three nearshore breakwaters between R-67 and R-

71.  Each breakwater is approximately 130 ft.  long, and the gap between each 

breakwater is approximately 980 ft.  The purpose of this alternative is to increase the 

beach width between R-68 and R-71 for additional storm protection and recreational 

benefits.  The numerical simulation results for a ten-year period are illustrated in Figure 

17 in Appendix B. It is seen that salients are formed in the lee of the breakwaters, the 

beach is widened and maintained in position, and the potential long-term erosion 

between R-67 and R-68 is significantly reduced.  Downdrift impacts due to the prefilling 

of the structures are insignificant, the predicted shoreline is maintained in a position that 

is seaward of the 2000 location.   

 

The cost to design, permit and construct this alternative is estimated at 6.1 million 

dollars.  The details of this cost estimate are shown in Appendix C. 

 

5.3 Alternatives for Hotspot at R-62 
In evaluating shoreline stabilization alternatives for the R-62 Hotspot, several attempts 
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to incorporate breakwaters were made in the LITPACK model.  The test results showed 

that in order to prevent significant downdrift impacts to the narrow beaches to the south, 

a series of nearshore breakwaters had to be installed from R-61 to R-66.  This solution 

would be would be very costly to install, making the breakwater option infeasible.  Thus, 

the following alternatives are presented in this report for the hotspot at R-62: 

•  Alternative 2A: Do nothing; 

•  Alternative 2B: Beach nourishment; 

•  Alternative 2C: Beach pre-fill with artificial headland control. 

 

5.3.1 Alternative 2A – Do Nothing 
Without any stabilization structures, the 10-year numerical simulation results show that 

the beach between R-60 and R-67 is generally stable, as seen in Figure 18 in Appendix 

B.  However, engineering experience indicates that for a natural beach to be able to 

recover from erosion caused by short-term storms, a healthy dune system is crucial.  

Unfortunately a number of condominiums were built on top of the dune along the 

coastline between R-60 and R-67, occupying the dune and taking away the natural 

buffer zone from the system, making this section of beach vulnerable to storms.  Thus 

even though the numerical model predicts a long-term stable shoreline at this location, 

we believe shoreline stabilization should be implemented at this location to improve the 

functionality of the storm protection. 

 

There is no immediate cost associated with this alternative. But the loss due to potential 

storm damage to the onshore structures and the hidden cost due to the decreased 

recreational benefit from a narrower beach would be high.  Periodic dune restoration 

would be required at a cost of at least $100,000 per event.  The owners of the 

vulnerable structures can be expected to seek permits for seawall construction at a cost 

of approximately $800 to 1200 per linear foot of property. 

 

It is noted that the Juno Beach nourishment project completed in February 2001 may 

have some positive impact to this hot spot.  This is discussed in Section 5.6. 
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5.3.2 Alternative 2B – Beach Nourishment 
This alternative includes approximately 450,000 cubic yards of beach nourishment 

between R-61 and R-66 over approximately one mile of shoreline.  The beach 

nourishment will increase the beach width by approximately 60 ft. at completion with a 

gradual shoreline taper starting from the both northern and southern ends.  Numerical 

simulation results of a gradual shoreline retreat are illustrated in Figure 19 in Appendix 

B, for a period of five-year and a period of ten-year respectively.  It is estimated that the 

service life for the beach nourishment is approximately 7 to 8 years, at which point re-

nourishment would be required.  It is noted that approximately 2 acres of hardbottom 

between R-61 and R-64 will be impacted by the sand from the nourishment.  Mitigation 

will be required to offset these impacts, most likely through artificial reef construction.  

Past experience in the county has demonstrated that hard-bottom mitigation costs are in 

the order of $500,000/acre.  

 

The cost to design, permit and construct this alternative is estimated at 5.4 million 

dollars excluding the cost of hard-bottom mitigation.  The details of this cost estimate 

are shown in Appendix C. 

 

5.3.3 Alternative 2C – Beach Pre-fill with Artificial Headland Control 
This alternative includes approximately 450,000 cubic yards of beach pre-fill between R-

61 and R-66 that is similar to Alternative 2B, along with the installation of an artificial 

headland a t R-67.  The beach pre-fill will increase the beach width by approximately 60 

ft. as described in the previous section. The artificial headland will extend seaward for 

approximately 60 ft. from the natural rocky headland at R-67.  The purpose of the 

artificial headland is to retain the beach fill between R-61 and R-67, and to prevent extra 

sand transport to the south.  Numerical simulation of this configuration for a ten-year 

period was conducted, and the results are shown in Figure 20 in Appendix B.  It is seen 

from the figure, in comparison with Alternative 2B shown in Figure 19, that the artificial 

headland successfully retains the beach fill for a longer period, and establishes a more 

stable beach.  Similar to Alternative 2B above, approximately 2 acres of hardbottom 
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impacts are anticipated with this alternative.  The associated mitigation costs are 

estimated at $500,000 per acre.   

 

The cost to design, permit and construct this alternative is estimated at 6.0 million 

dollars, excluding the cost for mitigation, as shown in Appendix C. 

 

It is noted that Juno Beach nourishment project may provide additional sand to this 

hotspot.  Potentially the headland could be installed without the pre-fill, in anticipation of 

the arrival of the end losses from Juno Beach, resulting in significant cost savings.  This 

is discussed in Section 5.6. 

 

Of concern by users groups in the area are the impacts of any alternative to the patch of 

hardbottom in Ocean Reef Park, and to the surf break offshore of the rock outcropping 

at R-67.  Recent bathymetric surveys identify that the surfbreak is located approximately 

300 feet offshore.  Therefore the extension of the headland by 60 feet seaward should 

not significantly affect the offshore break.  It is also noted that the installation of the 

artificial headland will likely cause some downdrift impacts.  To mitigate for these 

impacts, this alternative should be considered in combination with other beach 

stabilization alternatives proposed for the Ocean Reef Park area, such as Alternatives 

1B and 1C.  This leads to Alternative 3, a regional approach that combines Alternatives 

1B and 2C with some modifications to minimize environmental impacts, specifically to 

hardbottom. 

 

5.4 Alternative 3: Regional Alternative for Hotspots R-67 and R-62 
The hardbottom between R-61 and R-64 and at R-68 in Ocean Reef Park is an 

important environmental resource, which provides ideal snorkeling sites. To minimize 

the impacts to the hardbottom, modifications were made on the breakwater layout in 

Alternative 1B and the beach pre-fill in Alternative 2C to form a regional beach 

stabilization alternative. Alternative 3 includes approximately 210,000 cubic yards of 

beach pre-fill between R-64 and R-66 that will increase the beach width by 

approximately 60 feet, the installation of an artificial headland at R-67, and the 
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installation of two nearshore breakwaters between R-67 and R-69. Numerical simulation 

of this configuration for a ten-year period was conducted, and the results are shown in 

Figure 21 in Appendix B. It is seen from the figure, that although beach fill between R-

61 and R-64 is not implemented, the section of the beach still benefits with respect to 

the beach width and therefore storm protection in a long term from the southern beach 

pre-fill and the installation of the artificial headland.  Between R-67 and R-69, two 

nearshore breakwaters are positioned so that the R-68 hardbottom is located within the 

bay formed between the breakwaters, and will therefore be permanently uncovered.   

The numerical modeling results show that salients are formed in the lee of the 

breakwaters, and the beach is stabilized in the long term.  Direct hardbottom impacts 

are prevented with this alternative, and thus a cost for mitigation is not anticipated. 

 

The cost to design, permit and construct this alternative is estimated at 2.7 million 

dollars, as shown in Appendix C. 

 

5.5 Evaluation of the Alternatives 
The evaluation of the alternatives was conducted on the issues including cost 

estimates, storm protection, beach width, and hardbottom impact.  The results are 

summarized in the following table.  



  

  

Evaluation of the Alternatives 
 

No. Locatio
n Description Cost 

Estimate 
Storm 

Protection Beach Width Hardbottom Impact 

1A R-67 Do nothing --- Poor Narrow in storm 
events N/A 

1B R-67 Three nearshore 
breakwaters $550,000 Good Stable in storm 

events 
Hardbottom buried 
between R-67 and R-68 

1C R-67 
Three nearshore 
breakwaters and 
beach nourishment

$6,100,000 Very Good Wide and stable in 
storm events 

Hardbottom buried or 
partially buried between R-
67 and R-69 

2A R-62 Do nothing --- Poor Narrow in storm 
events N/A 

2B R-62 Beach 
nourishment $5,400,000 Good for 

short-term 
Wide and stable in 
short-term 

Hardbottom partially buried 
between R-61 and R-64 

2C R-62 
Beach 
nourishment and 
artificial headland 

$6,000,000 Good Wide and stable Hardbottom partially buried 
between R-61 and R-64 

3 R-62,  
R-67 

Beach 
nourishment, 
artificial headland 
and two nearshore 
breakwaters 

$2,700,000 Good 

Wide and stable 
between R-61 and R-
67, stable between 
R-67 and R-69 in 
storm events 

Minimal impact 
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5.6 Impact of Juno Beach Nourishment 
The one million cubic yards beach nourishment project completed in February 2001 at 

Juno Beach will have positive impact to the Singer Island shoreline in the near future in 

terms of beach width and storm protection.  The Juno Beach nourishment project will 

provide additional sand to the area, and due to end losses, may cause increasing 

southward littoral drift from the upcoast.  As this additional sand passes the Singer 

Island coast, part of it may deposit and cause temporary accretion of the shoreline.  It is 

noted that without any shoreline stabilization structures on the Singer Island coast, the 

foreseen shoreline accretion will be short-term only, as the upcoast littoral drift will 

eventually decrease as the Juno Beach nourishment project approaches its design life.  

 

There is a significant advantage to installing the headland control proposed in 

Alternative 2C or Alternative 3 prior to the arrival of the end losses from the Juno Beach 

nourishment. The artificial headland will hold part of the Juno sand surplus and cause 

gradual shoreline accretion from R-67 northward.  This implies that the beach pre-fill in 

Alternatives 2C or 3 may not be necessary, resulting in significant savings in cost.  In 

this scenario, the timing of the installation of the artificial headland and the Juno sand 

movement is critical.  Therefore, to take advantage of the Juno Beach nourishment, it is 

highly recommended that the Juno Beach sand movement be closely monitored along 

the coastline to estimate the timing of its arrival to the project site. 
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6.0 – CONCLUSIONS AND RECOMMENDATIONS 
 

The state-of-the-art numerical model LITPACK package was applied to study the Singer 

Island shoreline evolution and to predict the impacts of proposed shoreline stabilization 

alternatives.  The numerical model was calibrated against the historical wave and 

shoreline data.  The short-term fluctuation, which is beyond the ability of LITPACK 

simulation, was also studied and the mechanisms were explored.  Finally, shoreline 

stabilization alternatives for two hotspots were examined and evaluated using LITPACK. 

 

The numerical model simulated the eight-year shoreline change from February 1985 to 

March 1993 very well.  The simulated results were compared with the observed 

shoreline data.  The correlation and regression analysis, in addition to the t-test on the 

residuals at the 1% significance level indicates that the LITLINE model is reliable. 

 

The mechanism of short-term fluctuation in the vicinity of R-57 and R-67, which is 

beyond the ability of one-line numerical model LITPACK or GENESIS, was examined.  

It was found from the historical aerial photographs and the cross-shore profiles that the 

short-term fluctuation at these hotspots was due, at least in part, to: (a) onshore-

offshore sediment transport interacting with the perched beach that is formed by the 

hardbottom; and (b) unsteady upcoast littoral drift and the complicated two-dimensional 

sediment movement near the headland. 

 

Beach stabilization alternatives were developed based on the engineering experience 

with other breakwater and headland projects.  Long-term effects of these beach 

stabilization alternatives were examined using the LITLINE calibrated model.  At the 

hotspot between R-67 and R-70, three shoreline stabilization alternatives were 

evaluated with the numerical model simulation. Alternative 1A, “Do Nothing”, would 

allow the beach between R-67 and R-70 to continue to fluctuate.  This fluctuation may 

also jeopardize the nearby upland structures and minimize beach width for recreation.  

Alternative 1B included the installation of three nearshore breakwaters very close to the 

shoreline.  Alternative 1C included beach pre-fill, and the installation of three nearshore 
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breakwaters.  The numerical model results demonstrated that Alternatives 1B and 1C 

were able to mitigate erosion and stabilize the shoreline.  It is noted that both 

alternatives have some impact to the nearshore hardbottom.  

 

At the R-62 hotspot, three shoreline alternatives were examined.  Alternative 2A, “Do 

Nothing”, would keep the beach at existing condition, which is vulnerable to short-term 

storms. Alternative 2B constituted a beach nourishment program at an interval of 7 to 8 

years.  Alternative 2C included a one-time beach pre-fill with the installation of an 

artificial headland.  The advantage of Alternative 2C was its ability to hold beach sand in 

position for a much longer period, however this increased the likelihood of downcoast 

erosion.  These alternatives provide storm protection to the upland structures, but may 

have some impacts to the nearshore hard bottom between R-61 and R-64. 

 

A regional beach stabilization alternative for Hotspots R-62 and R-67, Alternative 3, was 

proposed with additional effort made to reduce hardbottom impacts.  This alternative 

included beach pre-fill between R-64 and R-66, the installation of an artificial headland 

at R-67, and the installation of two nearshore breakwaters between R-67 and R-69. The 

numerical simulation results show that this alternative provides long-term stable beach 

and storm protection between R-61 and R-69, while at the same time has minimal 

impact to the nearshore hardbottom.  From the perspectives of cost-benefit and minimal 

environmental impact, this alternative is preferred. 

 

It is estimated that the Juno Beach nourishment project will improve the Singer Island 

coastline condition in the short term.  It is possible to take advantage of the sand 

surplus from the upcoast by installation of an artificial headland at R-67 –prior to the 

arrival of the sand surplus from the Juno Beach.  This will cause significant cost savings 

as the beach pre-fill in Alternatives 2C or 3 would be no longer needed.  However, 

timing of the installation of the artificial headland and the Juno sand movement is 

critical.  The Juno Beach sand movement should be closely monitored as it migrates 

through Singer Island. 
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The accuracy of all shoreline numerical models is limited by the availability of 

bathymetric and wave data.  In the future more accurate models can be developed if a 

more extensive wave and bathymetry collection program is adopted.  Present plan for 

nearshore wave gauges proposed by the state and a county sponsored LIDAR/LADS 

survey of the area would be a starting point for such a collection program.  

 

It is also suggested that shoreline at Juno Beach be included in the future numerical 

modeling studies.  The complete shoreline between Jupiter Inlet and Lake Worth Inlet 

forms a cell with much better boundary conditions, which will improve the accuracy of 

the numerical modeling results.   
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Table 1  
Lake Worth Inlet Sand Transfer Plant Pumping Record 

 
 

Year 
Volume 

(cy) Year Volume (cy) 
1958-1959 51,000 1980-1981 163,350 
1959-1960 80,475 1981-1982 108,075 
1960-1961 39,150 1982-1983 101,775 
1961-1962 39,150 1983-1984 55,200 
1962-1963 93,600 1984-1985 70,125 
1963-1964 60,075 1985-1986 102,300 
1964-1965 32,700 1986-1987 76,200 
1965-1966 29,250 1987-1988 105,750 
1966-1967 23,700 1988-1989 77,100 
1967-1968 66,300 1989-1990 71,550 
1968-1969 69,900 1990-1991 0 
1969-1970 105,900 1991-1992 0 
1970-1971 89,550 1992-1993 0 
1971-1972 143,850 1993-1994 0 
1972-1973 110,400 1994-1995 0 
1973-1974 54,150 1995-1996 92,125 
1974-1975 89,850 1996-1997 222,500 
1975-1976 114,600 1997-1998 66,125 
1976-1977 151,650 1998-1999 64,500 
1977-1978 107,550 1999-2000 220,250 
1978-1979 930,150 2000-2001 219,750 
1979-1980 77,850

 

  
 

 



  

  

Table 2 
Deep Water Wave Statistics – Percentage Occurrence (WIS Station 13, 1976 – 1995) 

 
Hmo (ft) Angle 

0.8 2.5 4.1 5.7 7.4 9.0 10.7 12.3 13.9 15.6 17.2 18.9 20.5 22.1 23.8 25.4 27.1 Sum 
0 0.086 0.277 0.318 0.198 0.080 0.038 0.033 0.014 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.045 

10 0.045 0.409 0.455 0.209 0.094 0.068 0.024 0.021 0.012 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.342 
20 0.046 0.279 0.395 0.164 0.062 0.043 0.022 0.014 0.002 0.014 0.007 0.000 0.000 0.000 0.000 0.000 0.000 1.047 
30 0.317 1.350 1.510 0.792 0.358 0.121 0.067 0.029 0.022 0.009 0.003 0.002 0.000 0.000 0.000 0.000 0.000 4.580 
40 0.356 2.000 2.240 1.270 0.734 0.428 0.178 0.091 0.046 0.015 0.007 0.000 0.000 0.000 0.000 0.000 0.000 7.365 
50 3.810 10.900 6.850 3.050 1.390 0.693 0.226 0.089 0.048 0.015 0.003 0.002 0.000 0.000 0.000 0.000 0.000 27.076
60 1.040 4.720 3.660 1.810 0.938 0.452 0.175 0.094 0.055 0.027 0.015 0.012 0.003 0.000 0.000 0.000 0.000 13.002
70 2.780 7.590 4.550 1.980 0.659 0.260 0.147 0.031 0.021 0.007 0.007 0.002 0.000 0.000 0.000 0.002 0.000 18.034
80 0.532 1.100 0.804 0.484 0.240 0.111 0.031 0.019 0.010 0.005 0.003 0.000 0.000 0.000 0.000 0.000 0.000 3.339 
90 0.522 1.370 0.791 0.313 0.168 0.079 0.024 0.012 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 3.282 

100 0.358 1.140 0.650 0.293 0.140 0.036 0.015 0.015 0.002 0.002 0.002 0.000 0.002 0.000 0.000 0.000 0.000 2.655 
110 0.275 0.601 0.370 0.161 0.053 0.012 0.005 0.002 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.484 
120 0.385 0.852 0.459 0.207 0.070 0.024 0.003 0.007 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.009 
130 0.370 0.957 0.498 0.190 0.087 0.031 0.014 0.014 0.009 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.169 
140 0.479 0.696 0.400 0.221 0.110 0.060 0.024 0.005 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.997 
150 0.390 0.481 0.222 0.104 0.063 0.022 0.007 0.005 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.298 
160 0.277 0.642 0.441 0.217 0.111 0.045 0.015 0.010 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.760 
170 0.202 0.542 0.359 0.156 0.096 0.029 0.026 0.007 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.422 
180 0.135 0.409 0.265 0.156 0.062 0.033 0.021 0.005 0.007 0.002 0.003 0.000 0.000 0.000 0.000 0.000 0.000 1.097 
190 0.060 0.164 0.101 0.036 0.022 0.017 0.002 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.404 
200 0.036 0.084 0.038 0.012 0.005 0.000 0.002 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.180 
210 0.046 0.106 0.089 0.007 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.253 
220 0.058 0.110 0.041 0.012 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.226 
230 0.057 0.060 0.058 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.176 
240 0.027 0.051 0.019 0.007 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.108 
250 0.031 0.062 0.029 0.012 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.135 
260 0.031 0.072 0.014 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.120 
270 0.012 0.087 0.034 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.137 
280 0.017 0.099 0.038 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.159 
290 0.009 0.084 0.046 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.144 
300 0.015 0.077 0.118 0.014 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.229 
310 0.003 0.091 0.149 0.017 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.267 
320 0.012 0.098 0.171 0.022 0.017 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.320 
330 0.010 0.077 0.121 0.024 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.232 
340 0.005 0.082 0.178 0.033 0.005 0.002 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.306 
350 0.041 0.110 0.216 0.130 0.046 0.017 0.002 0.002 0.003 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.569 
Sum 12.875 37.828 26.697 12.319 5.638 2.619 1.061 0.486 0.252 0.110 0.055 0.021 0.005 0.000 0.000 0.002 0.000 100.00 

 



  

  

Table 3 
Deep Water Wave Statistics – Average Wave Period (WIS Station13, 1976 – 1995) 

 
Hmo (ft) Angle 

0.8 2.5 4.1 5.7 7.4 9.0 10.7 12.3 13.9 15.6 17.2 18.9 20.5 22.1 23.8 25.4 27.1 
0 4.72 4.92 5.26 5.78 6.4 7.18 7.84 8.13 8 - - - - - - - - 

10 4.54 5.09 5.59 5.99 6.69 7.35 7.86 8.5 9.29 9.33 - - - - - - - 
20 3.89 5.18 5.9 6.15 6.92 7.48 7.92 8.75 8 9.75 10.5 - - - - - - 
30 6.7 7.04 7.27 7.87 8.22 8.56 8.51 9.24 9.54 10.8 11 12 - - - - - 
40 6.59 7.17 7.88 8.33 8.63 9.38 9.57 9.45 11.15 13.11 11 - - - - - - 
50 10.69 10.7 10.56 10.59 10.71 11.2 11.46 11.06 11.29 10.67 11 14 - - - - - 
60 11.75 12.25 12.21 12.58 13.13 13.69 13.74 15.96 16.06 15.69 15 18 20 - - - - 
70 9.17 9.71 10.45 10.59 10.5 9.64 11.2 9.28 10.75 9.5 10.25 10 - - - 11 - 
80 6.87 5.17 5.43 6.26 7 7.83 8.11 8.82 9.83 9.33 10 - - - - - - 
90 5.93 5.09 5.32 6.18 7.08 7.74 7.93 8.57 - - 11 11 - - - - - 

100 5.82 4.98 5.25 6.18 6.98 7.76 8.11 8.11 9 11 9 - 10 - - - - 
110 4.42 4.48 5.19 6.05 6.84 7.14 7.33 8 9 10 - - - - - - - 
120 4.68 4.23 5.18 6.13 6.73 7.36 8 8.25 - 9 - - - - - - - 
130 4.71 4.39 5.27 6.14 7.02 7.67 8.13 8.75 8.8 - - - - - - - - 
140 5.01 4.26 5.38 6.26 7 7.83 8.36 8.67 - 9 - - - - - - - 
150 4.92 4.37 5.29 6.33 7.05 7.54 7.75 8.67 9 9 - - - - - - - 
160 3.81 4.34 5.41 6.43 7.03 7.5 8.33 8.33 9 - - - - - - - - 
170 3.48 4.56 5.64 6.55 7.14 7.76 8.13 8.75 8.67 - - - - - - - - 
180 3.22 4.5 5.62 6.21 6.92 7.42 8.08 8.67 8.75 9 9.5 - - - - - - 
190 3.06 3.92 5.08 5.71 6.77 7.3 7 - - - - 10 - - - - - 
200 3.05 3.86 4.45 5.57 7 - 7 7 7 - - - - - - - - 
210 3 3.55 4.37 5.75 5 - - - - - - - - - - - - 
220 3 3.38 4.25 5.14 6 - - - - - - - - - - - - 
230 3 3.46 4.09 5 - - - - - - - - - - - - - 
240 3 3.27 4.09 5.25 5 - - - - - - - - - - - - 
250 3 3.25 4.06 4.86 5 - - - - - - - - - - - - 
260 3 3.38 4.13 5 - - - - - - - - - - - - - 
270 3 3.16 4 5.5 - - - - - - - - - - - - - 
280 3 3.31 4.14 4.33 - - - - - - - - - - - - - 
290 3 3.49 4.15 4.67 - - - - - - - - - - - - - 
300 3 3.64 4.1 5 5.33 - - - - - - - - - - - - 
310 3 3.79 4.16 5 5 - - - - - - - - - - - - 
320 3 3.7 4.16 5 5.1 - - - - - - - - - - - - 
330 3 3.76 4.13 5.07 - - - - - - - - - - - - - 
340 3 3.79 4.18 5.05 5.67 7 - - - 8 - - - - - - - 
350 3.96 4.08 4.97 5.47 6.37 6.9 8 7 9 - 9 - - - - - - 

 



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G YangCost Estimate Summary - Option 1B

Item Description Cost Comments

Construction Costs
1 Northern Breakwater 90,789$            Limerock Boulders
2 Middle Breakwater 90,789$            Limerock Boulders
3 Southern Breakwater 90,789$            Limerock Boulders

Contractor Costs
4 Mobilization 75,000$            
5 Overhead and Profit (10%) 27,237$            

Total Construction Cost 374,605$          

Design and Permitting
6 Engineering Design 37,460              
7 Permitting Fees 74,921              *
8 Construction Admininstration 14,984$            

Total Fees 127,366$          

9 Contingency (10%) 50,197$            

Total Project Cost 552,168$          

* Permit application submittals estimated at 15k to 20k.  The balance includes an estimate of permit processing fees pending regulatory review.

(02-04-26)Singer Cost Estimate.xls_1bsummary



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Breakwater

Breakwater Geometry
Unit Comment

Length 100.00 ft From center of head to center of head
Representative Depth 4.00 ft
Crest Width 9.00 ft
Freeboard 5.00 ft
Side slope 2.00 Horizontal to 1 Vertical

Material Quantities
Toe to Toe Length 145.00 ft
Width at Bottom 45.00 ft
Footprint 6525.00 sf
Cross-section Area 243.00 sf
Volume 29767.50 cuft
Solid Volume 19944.23 cy ASSUME 67% POROSITY

Armor Stone Density 130.00 pcf

Breakwater Tonnage 1296.37 tons

Cost of Breakwater 
Quantity Unit Price Extended Price

Armor Stone 1296.37 tons 65.00$     /ton 84,264.35$        
Filter Fabric 725.00 sy 9.00$       /sy 6,525.00$          

Total Installed Cost 90,789.35$        

(02-04-26)Singer Cost Estimate.xls_1bbreakwaters



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G YangCost Estimate Summary - Option 1C

Item Description Cost Comments

Construction Costs
1 Northern Breakwater 517,066$          Granite Boulders
2 Middle Breakwater 517,066$          Granite Boulders
3 Southern Breakwater 517,066$          Granite Boulders
4 Beach Fill 2,400,000$       From Offhshore Borrow Site

Contractor Costs
5 Mobilization 675,000$          
6 Overhead and Profit (10%) 395,120$          

Total Construction Cost 5,021,316$       

Design and Permitting
7 Engineering Design 250,000$          
8 Permitting Fees 250,000$          *
9 Construction Admininstration 50,000$            

Total Fees 550,000$          

10 Contingency (10%) 557,132$          

Total Project Cost 6,128,448$       

* Permit application submittals estimated at 15k to 20k.  The balance includes an estimate of permit processing fees pending regulatory review.

(02-04-26)Singer Cost Estimate.xls_1c summary



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Breakwater

Breakwater Geometry
Unit Comment

Length 140.00 ft From center of head to center of head
Representative Depth 13.00 ft
Crest Width 12.00 ft
Freeboard 5.00 ft
Side slope 1.50 Horizontal to 1 Vertical

Material Quantities
Toe to Toe Length 206.00 ft
Width at Bottom 66.00 ft
Footprint 13596.00 sf
Cross-section Area 702.00 sf
Volume 121446.00 cuft
Solid Volume 81368.82 cy ASSUME 67% POROSITY

Armor Stone Density 165.00 pcf

Breakwater Tonnage 6712.93 tons

Cost of Breakwater 
Quantity Unit Price Extended Price

Armor Stone 6712.93 tons 75.00$     /ton 503,469.57$      
Filter Fabric 1510.67 sy 9.00$       /sy 13,596.00$        

Total Installed Cost 517,065.57$      

(02-04-26)Singer Cost Estimate.xls_1c breakwaters



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Sand Fill

Breakwater Geometry
Unit Comment

Length 2200.00 ft Along Shore without tapers

Cost of Breakwater 
Quantity Unit Price Extended Price

Sand Fill 300000.00 cy 8.00$       /cy 2,400,000.00$   
-$                   

Total Installed Cost 2,400,000.00$   

(02-04-26)Singer Cost Estimate.xls_1c Sand Fill



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G YangCost Estimate Summary - Option 2A

Item Description Cost Comments

Construction Costs
1 Beach Fill 3,600,000$       

Contractor Costs
2 Mobilization 575,000$          
3 Overhead and Profit (10%) 360,000$          

Total Construction Cost 4,535,000$       

Design and Permitting
4 Engineering Design 150,000$          
5 Permitting Fees 200,000$          *
6 Construction Admininstration 40,000$            

Total Fees 390,000$          

7 Contingency (10%) 492,500$          

Total Project Cost 5,417,500$       

* Permit application submittals estimated at 15k to 20k.  The balance includes an estimate of permit processing fees pending regulatory review.

(02-04-26)Singer Cost Estimate.xls_2a summary



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Sand Fill

Quantity Unit Price Extended Price
Sand Fill 450000.00 cy 8.00$       /cy 3,600,000.00$   

-$                   

Total Installed Cost 3,600,000.00$   

(02-04-26)Singer Cost Estimate.xls_2a Sand Fill



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G YangCost Estimate Summary - Option 2B

Item Description Cost Comments

Construction Costs
1 Headland 219,136$          
2 Beach Fill 3,600,000$       

Contractor Costs
3 Mobilization 675,000$          
4 Overhead and Profit (10%) 381,914$          

Total Construction Cost 4,876,049$       

Design and Permitting
5 Engineering Design 200,000$          
6 Permitting Fees 350,000$          *
7 Construction Admininstration 50,000$            

Total Fees 600,000$          

8 Contingency (10%) 547,605$          

Total Project Cost 6,023,654$       

* Permit application submittals estimated at 15k to 20k.  The balance includes an estimate of permit processing fees pending regulatory review.

(02-04-26)Singer Cost Estimate.xls_2b summary 



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Sand Fill

Quantity Unit Price Extended Price
Sand Fill 450000.00 cy 8.00$       /cy 3,600,000.00$   

-$                   

Total Installed Cost 3,600,000.00$   

(02-04-26)Singer Cost Estimate.xls_2b Sand Fill 



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Headland

Breakwater Geometry
Unit Comment

Length 150.00 ft From center of head to center of head
Representative Depth 6.00 ft
Crest Width 15.00 ft
Freeboard 5.00 ft
Side slope 2.00 Horizontal to 1 Vertical

Material Quantities
Toe to Toe Length 209.00 ft
Width at Bottom 59.00 ft
Footprint 12331.00 sf
Cross-section Area 407.00 sf
Volume 73056.50 cuft
Solid Volume 48947.86 cy ASSUME 67% POROSITY

Armor Stone Density 130.00 pcf

Breakwater Tonnage 3181.61 tons

Cost of Breakwater 
Quantity Unit Price Extended Price

Armor Stone 3181.61 tons 65.00$     /ton 206,804.69$      
Filter Fabric 1370.11 sy 9.00$       /sy 12,331.00$        

Total Installed Cost 219,135.69$      

(02-04-26)Singer Cost Estimate.xls_2b Headland



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G YangCost Estimate Summary - Option 3

Item Description Cost Comments

Construction Costs
1 Northern Breakwater 90,789$            Limerock Boulders
2 Southern Breakwater 90,789$            Limerock Boulders
3 Headland 219,136$          Limerock Boulders
4 Beach Fill 1,260,000$       From Near Jetty using Co. dredge

Contractor Costs
5 Mobilization 100,000$          Use Co. dredge to dredge sand
6 Overhead and Profit (10%) 166,071$          

Total Construction Cost 1,926,786$       

Design and Permitting
7 Engineering Design 250,000$          
8 Permitting Fees 250,000$          *
9 Construction Admininstration 50,000$            

Total Fees 550,000$          

10 Contingency (10%) 247,679$          

Total Project Cost 2,724,464$       

* Permit application submittals estimated at 15k to 20k.  The balance includes an estimate of permit processing fees pending regulatory review.

(02-04-26)Singer Cost Estimate.xls_3 summary



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Headland

Breakwater Geometry
Unit Comment

Length 150.00 ft From center of head to center of head
Representative Depth 6.00 ft
Crest Width 15.00 ft
Freeboard 5.00 ft
Side slope 2.00 Horizontal to 1 Vertical

Material Quantities
Toe to Toe Length 209.00 ft
Width at Bottom 59.00 ft
Footprint 12331.00 sf
Cross-section Area 407.00 sf
Volume 73056.50 cuft
Solid Volume 48947.86 cy ASSUME 67% POROSITY

Armor Stone Density 130.00 pcf

Breakwater Tonnage 3181.61 tons

Cost of Breakwater 
Quantity Unit Price Extended Price

Armor Stone 3181.61 tons 65.00$     /ton 206,804.69$      
Filter Fabric 1370.11 sy 9.00$       /sy 12,331.00$        

Total Installed Cost 219,135.69$      

(02-04-26)Singer Cost Estimate.xls_3a Headland 



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Sand Fill

Quantity Unit Price Extended Price
Sand Fill 210000.00 cy 6.00$       /cy 1,260,000.00$   

-$                   

Total Installed Cost 1,260,000.00$   

(02-04-26)Singer Cost Estimate.xls_3a Sand Fill



Coastal Systems Intl. Project: Singer Island
Job #: 145101

Prep'd: AM Shah
Date: 7/31/2002

Check'd: G Yang
Cost Estimate Breakwater

Breakwater Geometry
Unit Comment

Length 100.00 ft From center of head to center of head
Representative Depth 4.00 ft
Crest Width 9.00 ft
Freeboard 5.00 ft
Side slope 2.00 Horizontal to 1 Vertical

Material Quantities
Toe to Toe Length 145.00 ft
Width at Bottom 45.00 ft
Footprint 6525.00 sf
Cross-section Area 243.00 sf
Volume 29767.50 cuft
Solid Volume 19944.23 cy ASSUME 67% POROSITY

Armor Stone Density 130.00 pcf

Breakwater Tonnage 1296.37 tons

Cost of Breakwater 
Quantity Unit Price Extended Price

Armor Stone 1296.37 tons 65.00$     /ton 84,264.35$        
Filter Fabric 725.00 sy 9.00$       /sy 6,525.00$          

Total Installed Cost 90,789.35$        

(02-04-26)Singer Cost Estimate.xls_3a breakwaters



  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Appendix D 

 

 
 



Photo #6:  Hardbottom at R-68, looking to east.

Photo #5:  Rock outcroppings at R-67, looking to north.
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