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At Jupiter Inlet on the east coast of Florida, sand bypassing by hydraulic dredging has been 

used to maintain the navigation channel and nourish the downdrift beach. The basis for this 

procedure is a sand budget developed nearly two decades ago. The objective of the present study 

was to revisit the budget, and to assess the efficiency of the bypassing procedure. Based on an 

analysis of available and newly collected data, rates of sand transport and 

accumulation/depletion have been examined for the inlet and its central embayment. 

The peak flood flow velocity was found to be approximately 35% greater than the ebb flow 

velocity, which as a result caused more sediment to flow into the channel than out of it. This 

observation is supported by calculations of bed shear stresses from the velocity measurements.   

The increase in the frequency of dredging in the sand trap has resulted in a slight decrease 

in the volume of sand deposition in the ICWW relative to the JID trap. The 8 km long stretch of 

the beach north of the inlet has remained stable since 1974. Unit and total volume changes for 

the 1.2 km length of the beach south of the inlet reflect the difficulty inherent in choosing any 

particular period as being representative of a “mean” budget for the beach. In the 1993-1998 and 

the 1998-2004 periods, volume change rates were positive, indicating annual accretion. When 

the post-jetty reconstruction period was changed to 1998-2006, substantial rates of loss of sand 
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were found. These losses imply increased effect of wave activity on the erosion potential of the 

beach. An inference one can draw from these observations is that inlet sand budget must be 

examined each year based on data from the previous year to track the performance of the inlet. In 

order to increase the accuracy of future sediment budget analyses, beach profiles should be 

obtained over shorter spatial intervals than at present. 

The movement of sand in the western half of the Central Embayment is low because of 

low flow velocities. However, sand does move into the embayment at its eastern end under the 

FECRR bridge, at the rate of about 1,200 m3/yr. 
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CHAPTER 1 
INTRODUCTION 

1.1 Problem Statement 

Tidal inlets provide navigational access from the sea to bays for commercial and 

recreational purposes, and also allow for the necessary exchange of waters for maintaining bay 

water quality because the quality of water is poorer landward than in the sea. At sandy inlets, 

some of the littoral sediment is often trapped in the inlet channel during flood flow, and some 

sediment is transported offshore during ebb flow. The inland and offshore diverted material is 

therefore not retained as part of the littoral drift, as would occur in the absence of the inlet. Also, 

this interruption in the littoral sediment transport tends to cause recession of shorelines adjacent 

to the inlet. 

 At many inlets steps have been taken to reduce shoreline recession and to keep the inlet 

channel free from excessive sediment deposition, so that navigation is possible. Jupiter Inlet on 

the Atlantic Coast of southern Florida has also faced similar issues in past, and one of the major 

concerns there has been the erosion of sand from the beach south of the inlet. In 1993 the Jupiter 

Inlet District (JID), which is the custodian of the inlet’s role as a navigation channel, instituted a 

management plan to maintain the channel and mitigate shoreline erosion by regularly dredging a 

sand trap within the channel, and pumping the sand to the beach south of the inlet. A principal 

basis of this plan has been the budget of sediment in the inlet area, which indicates sand 

pathways, volumetric rates of sand transport and zones of sand accumulation or loss. A missing 

component in the budget was the rates of gain or loss of sand along the contiguous shorelines, 

because comprehensive beach surveys covering a sufficiently long time (years) and distances 

(several kilometers north and south of the inlet) were not available when the budget was 
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prepared. The present study was carried out to revisit the sand budget using more extensive and 

accurate surveys that have since become available. 

1.2 Objective and Tasks 

The objective of this study was to determine a sand budget for the Jupiter Inlet area, 

including its inner bay called the Central Embayment. The tasks undertaken to meet this 

objective included the following: 

• Collection of current velocity and suspended sediment concentration data for sand moving 
within the inlet channel. 

• Use of the numerical model EFDC, originally calibrated and validated by Alkhalidi (2005), 
along with collected data to estimate sand loads at selected transects in the inlet channel 
and the Central Embayment. 

• Reanalysis of data on beach profiles, sand accumulation and sand transfer in the inlet area 
compiled in Odroniec (2006), using additional data acquired since that study. 

• Updating the sand budget presented in Mehta et al. (1991) for the inlet area, and for the 
Central Embayment based on more recent studies (Mehta and Ganju, 2003; Patra 2003; 
Patra and Mehta, 2004; Alkhalidi, 2005) and the present work. 
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CHAPTER 2 
FIELD STUDY 

2.1 Site Description 

Jupiter Inlet has been in existence for over three centuries; however, it has been used as a 

waterway mainly in the past century. The Loxahatchee River empties into the Atlantic Ocean 

through this inlet, which is located in northern Palm Beach County on the southeast coast of 

Florida. The three main tributaries of the estuary are the Northwest Fork, the North Fork and the 

Southwest Fork. In addition, Jones Creek and Sims Creek, which are much smaller tributaries, 

also feed into the estuary through the Southwest Fork. Figures 2-1 and 2-2 show the general 

location map of the study area. The navigation channel (maintained by JID) runs westward from 

the inlet, under the FECRR (Florida East Coast Railroad) bridge, and through the Central 

Embayment approximately 14 km upstream of the inlet. The navigation channel has a bottom 

width of about 31 m and is maintained at -1.75 m (referenced to the National Geodetic Vertical 

Datum 1929, NGVD 29, or -2.21 m with reference to the North American Vertical Datum 1988, 

NAVD 88).  

Figure 2-3 shows the location of the sand trap. Mainly, coarser sediment is deposited in the 

trap, and lesser amount of smaller sediment is deposited elsewhere in the channel. The mean 

diameter of sediment collected in the sand trap is about 0.80 mm. The reason for the relatively 

large diameter in the trap is that normally the finer sediment remains in suspension due to the 

high flow velocities in the channel, and thus does not deposit in the trap.  

To estimate the rate of transport of sediment in suspension, data were collected in two 

different ways, at a fixed point and from a vessel underway. 
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2.2 Fixed-Point Data 

Fixed-point data collection involved two methods. One was using an Acoustic Doppler 

Current Profiler (ADCP), which measured the flow velocity at different heights above the bottom 

in three mutually perpendicular directions. Two types of ADCPs were used: (1) a Workhorse 

WH1200 from RD Instruments, and (2) Aquadopp current profiler from Nortek. The other 

method involved the use of a Niskin sampling bottle, which collected water samples (for 

determination of suspended sediment concentration) at four elevations above the channel bed. 

Current measurements using ADCP were carried out twice. The first period was from 10/13/05 

to 11/16/05, and the second from 02/16/06 to 03/02/06. Data using the Niskin bottle were also 

collected twice, on 11/17/05 and on 03/01/06 at Station 1 (Figure 2-4). 

2.2.1 Data Collection using ADCP 

ADCPs operate by measuring the reflection of an acoustic signal from particulate matter in 

water based on the Doppler-shift principle. While these instruments are primarily used to 

measure the velocity of such particles (and thereby deduce the speed of current transporting 

particles), they can also provide information on the concentration of particulate matter. 

Conventional ADCPs typically use a “Janus configuration” consisting of four acoustic beams, 

paired in orthogonal planes, where each beam is inclined at a fixed angle with the vertical 

(usually 20-30o). The sonar measures the component of velocity projected along the beam axis, 

averaged over a range-cell, whose along-beam length is roughly half that of the acoustic pulse. 

This information is measured in the form of the intensity of the received reflection, also referred 

to as the backscattering strength, backscatter intensity or signal amplitude (measured in decibels) 

(R.D. Instruments, 1989). The ADCPs used recorded this information in instrument-generated 

data files. 
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At the study site each ADCP was installed on a tripod attached to the bottom by three 

aluminum pipes jetted into the bed. The top of the instrument was 2 m above the bed, 

approximately 3 m below the mean water level. Figure 2-5 shows the design of the supporting 

structure.  

Each ADCP was oriented with respect to the geographic north, so that the velocity could 

be measured in two components, and the resultant velocity of water flowing into and out of the 

channel. The angular difference between the east-west direction and the axis of the inlet channel 

at the site was taken as 15o. The ADCPs transmitted a ping from the transducer element. The 

return echo was received at the instrument over an extended period, with echoes from shallow 

depths arriving sooner than the ones from greater depth ranges. Profiles were produced by range-

gating the echo signal, i.e., the echo was split into successive segments called depth-bins, which 

correspond to successively deeper depth ranges. The ADCP was configured to give the velocities 

at 11 elevations. The highest elevation was 1.8 m above the base of the tripod (taken as the 

nominal bed datum). The spacing between two consecutive bins was 0.2 m.  All acoustic current 

profilers have a region immediately in front of the transducers, called the blanking distance, over 

which no measurements can be made. This region is required for the transducer and electronics 

to recover from the high-energy transmitted pulse. The blanking distance for the instruments 

used was 0.2 m. There is also a zone close to the bed, from where data received are not stored 

due to their corruption by the presence of the bed. 

Only the top four elevations (1, 1.2, 1.4 and 1.6 m above datum) were usable because the 

presence of the supporting structure influenced, in a negative way, the acoustic signals from 

lower elevations. Velocities measured in the north-south and east-west directions were used to 

calculate the resultant velocities (vectors) of water into and out of the channel.  
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The first set of current observations was made during the period 10/13/05 to 11/16/05 

using both ADCPs, one at each station. The ADCP at Station 1 was not in operation at the time 

sampling using the Niskin bottle was carried out on 11/17/05. Despite this limitation, sampling 

was done assuming that current data would be recorded by the ADCP at Station 2. 

Unfortunately, that device was recovered damaged due to an undetermined cause. As a result, a 

second set of sampling with the bottle was carried out at Station 1 on 03/01/06, when the ADCP 

was there in operation. 

2.2.2 Analysis of ADCP Data for Station 1 

Based on the ADCP data at Station 1, Figure 2-6 shows the variation of velocity at four 

elevations above the bed (datum). The period covered is 9.5 hours on 10/13/05, which is also the 

duration over which water sampling was carried out.  In Figures 2-7 and 2-8, velocity profiles at 

flood flow and ebb flow, respectively, have been plotted at selected times. All profiles follow the 

log-velocity distribution characteristic of open channel boundary layer flows.  These yield the 

following values of the friction velocity u* and the bed shear stress bτ (using a density of 1,027 

kg/m3 for seawater) tabulated in Table 2-1. In general, the shear stresses are higher during flood 

than ebb, which correlates with the observation of net sand inflow from the Ocean into the inlet 

channel. 

2.2.3 Water Sampling 

The Niskin bottle is a 0.64 m long plastic tube (with a diameter of approximately 0.12 m) 

that is lowered into water while open at both ends. Its approximate volume is 2.37 liters. The 

bottle was mounted in a steel frame, which could be submerged in water by a tethered rope, and 

when the frame reached the desired depth, water could pass freely through the bottle. At that 
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point both ends were closed by hinged lids to capture a sample of water at that depth by sending 

a “messenger” weight down the rope to which the bottle frame was tethered. 

During each sampling study, the bottle was used to collect water samples at four elevations 

above the bed (0.3, 0.6, 0.9 and 1.2 m) at different times. The samples were filtered on site using 

standard coffee filters, and the sediment collected was stored in zip-lock bags along with the 

filters. The samples were then oven-dried for 48 hours in the laboratory. Each dried filter with 

the sediment was weighed in a Mettler balance, and the filter was also weighed without the 

sediment, after removing it from the filter. Thus the weight of sediment could be calculated. 

Sediment concentration was obtained by dividing the weight of the sediment by the volume of 

water of the sample in the bottle. 

2.2.4 Analysis of Niskin Bottle Data 

 Sediment flux flowing into or out of the channel was calculated by multiplying the 

suspended sediment concentration at an elevation at a time by the corresponding velocity. 

Synchronous velocity and concentration values were only available for the elevation of 1.2 m 

above the channel bed, so the time-series of flux for this elevation only was obtained. 

Sieve analysis was carried out for the sediment collected on the filters, using sieve sizes of 

0.50, 0.25, 0.125 and 0.0625 mm. Table 2-2 gives the d25, d50, d75 percentile diameters and the 

corresponding sorting coefficient o 75 2( /S d d= 5 )  for different times. Based on the well-known 

MIT classification, the sediment was found to fall in the range of fine to medium sand.  

Figures 2-10 and 2-11 show time-series of suspended sediment concentration (at different 

elevations) and depth-averaged velocity, respectively. It is observed that the concentrations are 

comparable at all elevations when the velocity is around 0.5 m/s. However, at peak velocities 

(0.8-1.0 m/s), concentrations at 0.3 and 0.6 m are about 150% of the values at the top two 
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elevations. This behavior suggests that at higher velocities, larger sand particles that otherwise 

would travel as bed load also came into suspension. 

The time-series of sediment flux at 1.2 m elevation using synchronous data on velocity and 

concentration is shown in Figure 2-12. Positive values of flux mean transport into the channel 

and negative values indicate transport out of the channel. 

2.3 Underway Data 

2.3.1 Data Collection 

An Aquadopp ADCP was used to collect the backscatter intensity data underway in the 

channel (Vik Adams, Coastal and Oceanographic Engineering Laboratory, personal 

communication). The device was mounted on the side of a 5.2 m long McKee boat and was 

submerged in water to a depth of 0.3 m. A closed polygonal path was predefined along which the 

vessel was navigated. While moving along that path, the vessel crossed the channel three times at 

three selected transects. Figure 2-13 shows the location of these transects. Backscatter intensity 

data from the ADCP were analyzed for times only when the vessel traversed a transect. From 

Transect 1 data from 17 different locations along the transect was taken. For Transects 2 and 3, 

data from 29 different locations were obtained. 

Backscatter intensity data were collected for each transect 21 times. Depth profile along 

each transect (for every one of these 21 sets of observations) was also recorded. Depth between 

the instrument and the channel bed was subdivided into 11 depth-bins for the first and second 

transects, and for the third transect into 7 bins. The spacing between two consecutive bin 

elevations was 0.5 m. 

2.3.2 Analysis of Underway Data 

Water sampling was also done using the Niskin bottle on 09/05/2006 at one location along 

the selected path of the vessel. The samples were collected in the same way as explained earlier, 
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but at two elevations, surface and mid-depth. Sediment concentrations were calculated using the 

procedure given in Section 2.2.3. Concentrations at different elevations were plotted against the 

corresponding backscatter intensity values (in decibels) recorded by the ADCP. The regression 

equation for the best-fit curve was used to calibrate for the concentration from the backscatter 

intensity values for all observation points. Figure 2-14 shows the plot between concentration and 

backscatter intensity values, and the best-fit equation. 

The calibration equation relating the suspended sediment concentration C (kg/m3) with the 

backscatter intensity B (db) is 

  (2-1) 9 0.15362x10 BC e−=

Where, and 0.1536 are the regression coefficients.  92x10−

 
Contours plots were obtained for concentration and velocity for the three transects. Given u 

as the velocity in the east-west direction and v in the north-south direction, Figure 2-15 shows a 

plot for u versus v and the angle α by which the u had to be rotated to calculate the resultant. 

Similar plots were obtained for Transects 2 and 3. 

The resultant velocity U at any position along a transect was calculated using the following 

equation 

 cos sinU u v= α − α  (2-2) 

For example: 

For Transect 1, bin 1, consider u = 0.683 m/s and v = -0.287 m/s. Therefore, 

  (0.683) cos(169) ( 0.287)sin(169)U = − −

 0.3725 m / s=  

For illustrative purposes, Figures 2-16 and 2-17 show cross-sectional distribution of the 

velocity at the time of maximum sediment influx, and outflux, respectively.  It was found that the 
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cross-sectional mean velocity of water flowing in was approximately 35% higher than the 

corresponding velocity of water flowing out. Figures 2-18 and 2-19 illustrate distributions of 

maximum flux (kg/m2 s) over the cross-section (Transect 1) for water flowing in and out, 

respectively. 

Figure 2-20 shows time-series of cross-sectional average suspended sediment flux at each 

transect. It is observed that a higher cross-sectional mean flux of sediment occurred when water 

moved into the channel compared to when it moved out. This difference is explained by 

sediment deposition that takes place inside the channel.  

 

Figure 2-1 Location map of the study area (Source: www.live.com). 
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Figure 2-2 Jupiter Inlet, Central Embayment and tributaries (adapted Google image) 

 

Sand trap 

Figure 2-3 Location of sand trap in Jupiter Inlet channel (adapted Google image). 
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Figure 2-4 Fixed-point sampling Station 1 (26’56’41.28” N and 80’04’36.68” W) and Station 2 
(26’56’44.04” N and 80’04’36.34” W) (adapted Google image). 

 

Figure 2-5 Supporting structure for the ADCP. 
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Figure 2-6 Current velocities recorded at four elevations on 03/01/06 at Station 1. 

 

Figure 2-7 Velocity profiles at selected times during flood flow on 03/01/07.  
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Figure 2-8 Velocity profiles at selected times during ebb flow on 03/01/07. 
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Figure 2-9 Depth-averaged resultant velocity recorded between 02/16/06 to 03/02/06 at Station 
1. 
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Figure 2-10 Suspended sediment concentration time-series at Station 1 on 03/01/06. 
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Figure 2-11 Depth-averaged velocity time-series at Station 1 on 03/01/06. 
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Figure 2-12 Suspended sediment flux time-series at 1.2 m elevation at Station 1 on 03/01/06. 

 

Figure 2-13 Three transects for underway data collection (Courtesy:  Professor Arnoldo Valle-
Levinson). 
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Figure 2-14 Calibration curve of sediment concentration versus backscatter intensity at Jupiter 
Inlet. 
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Figure 2-15 Plot of u versus v and the rotation angle α = 169o to calculate the resultant velocity at 
Transect 1. Positive values denote flood flow.  
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Figure 2-16 Velocity distribution at Transect 1 for water flowing in at 8:00 pm on 05/09/06. At 
that time the incoming suspended sediment flux was maximum. 

 

Figure 2-17 Velocity distribution at Transect 1 for water flowing out at 2:30 pm on 05/09/06. At 
that time the outgoing suspended sediment flux was maximum. 
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Figure 2-18 Suspended sediment flux distribution at Transect 1 at 8:00 pm on 05/09/06, when 
incoming cross-sectional mean flux was at its peak.  

 

Figure 2-19 Suspended sediment flux distribution at Transect 1 at 2:30 pm on 05/09/06, when 
outgoing cross-sectional mean flux was at its peak. 
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Flux vs Time at three transects
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Figure 2-20 Time-series of cross-sectional averaged flux at three transects based on 
measurements on 05/09/06. 

Table 2-1 Shear stress at ebb flow and flood flow 
Time 
(hr) 

Flow stage u*
(m/s) 

τb  
(Pa) 

8:00 Ebb 0.20 43.0 
9:00 Ebb 0.15 23.2 
12:00 Flood 0.17 30.9 
13:00 Flood 0.26 68.2 
14:00 Flood 0.27 75.5 
15:00 Flood 0.23 56.0 
16:00 Flood 0.20 41.7 
18:00 Ebb 0.17 31.1 
19:00 Ebb 0.21 44.8 
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Table 2-2 d25, d50, d75 and So values for different times on March 01, 2006 
Time 
(hr) 

d75
(mm) 

d50
(mm) 

d25
(mm) 

So

8:00 0.100 0.135 0.089 1.05 
9:00 0.165 0.120 0.082 1.41 
10:00 0.160 0.120 0.082 1.39 
11:00 0.120 0.090 0.078 1.24 
12:00 0.185 0.155 0.105 1.32 
13:00 0.120 0.090 0.078 1.24 
14:00 0.120 0.090 0.078 1.24 
15:00 0.115 0.089 0.076 1.23 
16:00 0.110 0.087 0.075 1.21 
17:00 0.100 0.085 0.074 1.16 
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CHAPTER 3 
SEDIMENT LOAD ESTIMATION 

3.1 Introduction 

Environmental Fluid Dynamic Code model setup for the Central Embayment was carried 

out by Alkhalidi (2005), who also calibrated and validated the model using sand trap 

accumulation data for a 30-day period from September 17 to October 16, 2000. The original 

setup is summarized; details are found in Alkhalidi (2005). In the present study, suitable 

modifications were made to that setup. These modifications, specifically with respect to the 

seaward boundary condition for sediment transport, are described in this chapter. 

3.2 Model Setup 

The model was setup in the following way: 

• Grid generation for the model was done using EFDC-Explorer (a Microsoft Windows 
based pre-processor and post-processor) developed by Craig (2004). To generate the grid, 
the grid type, cell size, number of water and sediment layers, time step, and the topography 
and domain of the water body were specified through input files. Figure 3-1 shows the grid 
generated by the Explorer. Grid numbers were specified in the input file. 

• The initial conditions for the water column (specified in Explorer) included the number of 
size-classes and the grain size representing each size-class, the initial fraction of each size-
class, bed porosity, and bed bulk density for every cell in the input files. Boundary 
conditions were assigned using a concentration time-series as explained in Section 3.3. The 
seaward boundary condition at Jupiter Inlet was assigned from underway data collection at 
Transect 1 as explained in Section 3.3. Suspended sediment concentrations were measured 
along that transect (Chapter 2). 

• The hydrodynamic model calculates the water surface elevation, velocity, and shear stress 
(and shear velocity). Then, the mode of sediment transport (bed load or suspended load) is 
determined at the center of every cell using the approach of van Rijn (1984). When the bed 
shear velocity calculated by the model is less than the critical shear velocity, which is also 
calculated by the model in the same time-step, no bed erosion takes place and there is no 
bed load transport.  Sediment in suspension under this condition will deposit onto the bed. 
When the bed shear velocity exceeds the critical shear velocity, but is less than the settling 
velocity calculated by the model, sediment is eroded and transported as bed load. Sediment 
in suspension under this condition will deposit onto the bed. When the bed shear velocity 
exceeds both the critical shear velocity and the settling velocity, bed load transport ceases 
and the eroded sediment is transported as suspended load. Thus, after the model calculates 
the bed shear velocity, critical shear velocity and the settling velocity, it compares the three 
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quantities and checks for the above three conditions. After determining the transport mode, 
the magnitudes of bed load and the suspended load are calculated. The governing equations 
of the sediment transport model are solved to determine rates of erosion/accumulation, new 
bed level, and new bed composition. Finally, the outputs of the hydrodynamic and the 
sediment models are used as initial conditions for the next time-step calculations. 

The bed roughness coefficient in the model is composed of two components, a fixed 

component, which was set to 0.02 m everywhere on the model grid, and a variable component 

that took into account the presence of seagrass. The variable component was set to 0.035 m in 

the seagrass area (Chow, 1976), and 0 everywhere else.  

 The hydrodynamic boundary conditions at the six boundaries were specified by Alkhalidi 

(2005) as follows: 

• Boundary (1): Water surface elevation at inlet. 

• Boundary (2): Water surface elevation at south ICWW. 

• Boundary (3): Water surface elevation at north ICWW. 

• Boundary (4): Water discharge at Southwest Fork. 

• Boundary (5): Water discharge at Northwest Fork. 

• Boundary (6): Water discharge at North Fork. 

The following sediment boundary conditions were specified by Alkhalidi (2005): 

• Boundary (1) at the Jupiter Inlet entrance, as described later. 

• Boundary (5) at the upstream end of the Northwest fork (relationship between discharge 
and suspended sediment concentration derived from hydrologic data). 

• At boundaries (2), (3), (4) and (6) the suspended sediment loads were assumed to be 
negligible. 

3.3 Seaward Sediment Boundary Condition 

Table 3-1 gives the constant concentration values initially used by Alkhalidi (2005) at the 

inlet boundary in different layers, for different particle sizes. These concentrations were adjusted 

until an agreement was obtained between the calculated and measured dredging volume rates.  
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In the present study it was found that the sediment flux values generated by the model at 

Station 1 were not compatible with results from water sampling, but were considerably larger. In 

order to correct for this discrepancy, the seaward boundary condition was specified by using 

underway data for Transect 1. 

 The new boundary condition was specified as follows: 

• Suspended sediment concentrations at 11 elevations and 17 observation points were 
selected along Transect 1 (Figure 2-10), which was close to the seaward boundary of the 
model. 

• Since sampling was done 21 times along Transect 1 from 12:30 pm to 11:00 pm on May 
09, 2006, concentration values could be determined 21 times. Contour plots for 
concentration were then obtained for the cross-sectional area covered by the ADCP. The 
area was divided into 16 cells of a 4X4 grid. Using the mean concentration for each cell for 
all 21 repetitions, 16 time-series were obtained. These time-series are shown in Figures 3-
2, 3-3, 3-4 and 3-5. 

• Based on these concentration time-series, obtained from the analysis of backscatter data 
collected at Transect 1, time-averaged concentration values in Table 3-2 were determined. 
Figure 3-6 plots these values. 

• The time-averaged concentrations for the 16 cells were used to specify the spatial variation 
in the concentration relative to (or as a function of) the cross-sectionally averaged 
concentration across the boundary.  That is, the concentration in each cell was specified as 
a certain percentage of the cross-sectionally averaged concentration. The cross-sectionally 
averaged concentration was varied as a function of the time-derivative of the predicted 
water surface elevations at transect 1 over the model simulation period. The time-varying 
concentration in each of the 16  was obtained by multiplying the time-varying cross-
sectionally averaged concentrations by the respective percentage difference. 

Although the ADCP did not cover the entire cross-section at Transect 1 width-wise, due to 

limitations imposed by the draft of the vessel, the device did cover approximately 85% of depths 

in the channel.  

It should be pointed out that the 16-cell grid was dimensionless, with the thickness of each 

layer equal to a quarter of the local depth. Accordingly, it was assumed that the cross-sectional 

area covered by the ADCP was considered to be “stretched” in order to represent the actual 

channel boundary. It should also be pointed out that the movement of particles was low near the 
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banks of the channel because of lower flow velocities arising from boundary friction. Therefore, 

the error introduced in the total sediment load calculations due to the absence of sediment data 

close to the banks was likely to have been small. 

3.4 Model Operation 

The model was set by Alkhalidi (2005) to give the results for the year 2000 from Julian 

day 243 (August, 30th 2000) until day 365 (December, 31st 2000). On the other hand, in the 

present study, suspended sediment sampling was carried out on March 1, 2006. Therefore, a day 

was selected in the 243-365 Julian day range of 2000 modeling which had a tidal range similar to 

that on March 1, 2006. Figures 3-7 and 3-8 show tides for September 30, 2000 and March 1, 

2006 at the FECRR bridge inside Jupiter Inlet. The model was thus calibrated to yield sediment 

fluxes for different transects (Figure 3-9) for March 1, 2006 (based on the similarity in tidal 

conditions between March 1, 2006 and September, 30 2000). 

The model was run for a 30 day “cold-start” period, beginning approximately 30 days prior 

to the desired time of “hot-start” period. This was necessary because, according to the required 

procedure, results obtained at the end of the cold-start period are used as the initial condition for 

the next, hot-start, period. The time-step for the numerical simulation was selected to be 4 s.  

Table 3-3 gives concentrations obtained from the model and those measured. Also given 

are percent differences between prediction and measurement.  Errors of this magnitude are not 

surprising because, as shown in Appendix A, sediment mobility at the inlet is strongly dependent 

on the waves near the inlet mouth, whose effect was not included in the model. Given the likely 

variability in concentration introduced from this factor, it was concluded that concentrations 

generated by the model could be used in a post-processing program of EFDC to predict sediment 

fluxes (and loads) across selected transects in the Loxahatchee grid. Figure 3-9 show these 

transects (C, D, F and H). 
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3.5 Sediment Loads 

Suspended and bed loads were generated by the model for every cell and every time step. 

However, because the model took approximately 30 days to stabilize to give accurate results, 

values generated over the last tidal cycle were accepted. The model gave sediment mass rates 

(loads) based on sediment fluxes across each transect with known cross-sectional area. These 

loads were plotted against time and the net sediment load was calculated using the trapezoidal 

rule. As an example, Figure 3-10 shows the plot for load versus time for Transect C. From the 

net load, the annual volumetric rate (m3/yr) of sediment transport across the transect was 

calculated as shown below with an example. 

For example, the calculations for Transect C are as follows: 

Net mass rate flowing over one tidal cycle (12 hr) = 0.03546 kg/s. 

Total sediment flowing into the embayment over one tidal cycle = 3,063 kg. 

Assume the wet bulk density of sand = 1,920 kg/m3. 

Annual volumetric rate of sediment into the embayment = 1,164 m3/yr. 

In the above example, positive sign indicates sediment transported into the Central 

Embayment. The volumetric rates of sediment transport across the four transects are given in 

Table 3-4. Sediment mass rates for Transects D, F and H were found to be negligible.  
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Figure 3-1 Loxahatchee estuary in Cartesian grid with six flow boundaries and seagrass (green 
areas). 
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Figure 3-2 Concentration time-series for cells in column 1 (south end of Transect 1) at the 
seaward boundary on 05/09/06. 
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Figure 3-3 Concentration time-series for cells in column 2 at the seaward boundary on 05/09/06. 
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Figure 3-4 Concentration time-series for cells in column 3 at the seaward boundary 05/09/06. 
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Figure 3-5 Concentration time-series for cells in column 4 (north end of transect 1) at the 
seaward boundary on 05/09/06. 

 

Figure 3-6 Contour plot of time-averaged concentrations used to specify seaward boundary 
condition. Color scale represents concentration in mg/L. Depth and width of grid are 
dimensionless.  
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Figure 3-7 Tidal plot for September 29 - September 30, 2000 at FECRR bridge (Source: 
www.mobilegeographics.com). 

 

 

Figure 3-8 Tidal plot for February 28 - March 1, 2006 at FECRR bridge (Source: 
www.mobilegeographics.com). 

47 

http://www.mobilegeographics.com/
http://www.mobilegeographics.com/


 

 

Figure 3-9 Transects C, D, F and H where sediment fluxes and loads were calculated. Color scale 
represents depth in meters. 
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Figure 3-10 Total load versus time plot for Transect C generated by model over one tidal cycle. 
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Table 3-1 Concentrations and grain sizes (d) used by Alkhalidi (2005) as inlet boundary 
condition in the 16 boundary cells.  

Sediment concentration (mg/L) 
Layer 

0.188d =  mm 0.375d =  mm 0.750d =  mm 

1 7.50 5.40 0.10 

2 2.27 0.50 0.00 

3 0.80 0.07 0.00 

4 0.12 0.01 0.00 

 

Table 3-2 Time-averaged concentrations for seaward boundary condition in kg/m3

Layer no. Column 1 
(South side) 

Column 2 Column 3 Column 4 
(North side) 

1 0.00040 0.00070 0.00065 0.00150 
2 0.00040 0.00050 0.00080 0.00180 
3 0.00045 0.00050 0.00110 0.00210 
4 0.00048 0.00053 0.00180 0.00250 

 

Table 3-3 Results from model compared with sampling data of March 1, 2006 
Time (am) Concentration(Cp) 

predicted from model 
(kg/m3) 

Concentration (Cs) 
observed through 

sampling 
(kg/m3) 

Percent 
difference 

(Cs-Cp)/CpX100 

7:55 0.178 0.139 -22 
8:02 0.133 0.141 6 
8:10 0.116 0.144 24 
8:34 0.105 0.151 43 
8:41 0.089 0.153 71 
8:46 0.095 0.154 63 
8:54 0.102 0.156 53 
9:00 0.278 0.158 -43 
9:08 0.123 0.161 31 
9:14 0.295 0.162 -45 
9:20 0.105 0.164 57 
9:26 0.088 0.166 88 
9:32 0.621 0.168 -73 
9:40 0.093 0.170 83 
9:47 0.120 0.172 43 
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Table 3-3 Continued 
Time (am) Concentration(Cp) 

predicted from model 
(kg/m3) 

Concentration (Cs) 
observed through 

sampling 
(kg/m3) 

Percent 
difference 

(Cs-Cp)/CpX100 

10:00 0.133 0.176 32 
10:04 0.122 0.177 45 
10:06 0.555 0.178 -68 
10:11 0.103 0.179 74 
10:42 0.135 0.188 39 
10:46 0.131 0.189 44 
10:53 0.242 0.191 -21 
10:57 0.157 0.193 23 
11:03 0.126 0.194 54 
11:10 0.153 0.196 28 
11:14 0.114 0.197 73 
11:21 0.120 0.120 66 
11:30 0.110 0.202 83 
11:34 0.164 0.203 24 
11:41 0.148 0.205 39 
11:49 0.127 0.208 64 
12:00 0.110 0.211 92 
12:04 0.113 0.212 88 
12:12 0.124 0.214 73 
12:16 0.120 0.216 79 
12:27 0.133 0.219 65 
12:32 0.130 0.220 69 
12:38 0.130 0.222 71 
12:46 0.144 0.224 56 
13:30 0.180 0.237 32 
13:32 0.175 0.238 36 
13:39 0.139 0.240 73 
13:45 0.163 0.242 48 
14:00 0.159 0.246 55 
14:03 0.182 0.247 36 
14:06 0.192 0.248 29 
14:13 0.144 0.250 73 
14:30 0.131 0.255 94 
14:32 0.137 0.256 86 
14:36 0.467 0.257 -45 
14:40 0.192 0.258 34 
15:00 0.170 0.264 55 
15:02 0.162 0.264 63 
15:05 0.179 0.265 48 

50 



 

Table 3-3 Continued 
Time (am) Concentration(Cp) 

predicted from model 
(kg/m3) 

Concentration (Cs) 
observed through 

sampling 
(kg/m3) 

Percent 
difference 

(Cs-Cp)/CpX100 

15:32 0.222 0.273 23 
15:35 0.199 0.274 38 
15:39 0.239 0.275 15 
15:42 0.228 0.276 21 
16:00 0.210 0.281 34 
16:02 0.206 0.282 37 
16:10 0.273 0.284 4 
16:10 0.186 0.284 53 
16:29 0.120 0.290 45 
16:31 0.240 0.290 21 
16:35 0.237 0.292 23 
16:39 0.202 0.293 45 
17:00 0.194 0.299 54 
17:02 0.247 0.299 21 
17:06 0.169 0.301 78 
17:09 0.182 0.302 66 
17:30 0.212 0.308 45 
17:33 0.224 0.309 38 
17:34 0.216 0.309 43 
17:38 0.252 0.310 23 
17:58 0.222 0.316 42 
18:00 0.231 0.316 37 
18:02 0.206 0.317 54 
18:05 0.185 0.318 72 

 

Table 3-4 Volumetric rates of sand transport in Central Embayment  

Transects 

Volumetric rate of 
suspended load 

moving into Central 
Embayment  

(m3/yr) 

Volumetric rate of 
bed load moving 

into Central 
Embayment (m3/yr) 

Net volumetric rate 
of sand moving into 
Central Embayment 

(m3/yr) 

C 2092 -927a 1164 
D 0 0 0 
F 0 4 4 
H 0 0 0 

a positive sign indicates sediment transported landward. 
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CHAPTER 4 
SAND BUDGETS 

4.1 Introduction 

In this chapter, sand budgets are presented for Jupiter Inlet and the Central Embayment.  

The estuary is conveniently divided into an eastern zone, which includes Jupiter Inlet, and a 

western zone consisting of the Central Embayment. Figure 4-1 shows the two zones. The 

(volumetric) transport rate components of each budget account for sediment loads entering, 

depositing within, and leaving, the two zones. 

4.2 Sand Budget for Eastern Zone 

Volumetric rate components characterizing sand budget for the eastern zone are indicated 

in Figure 4-2. Table 4-1 gives the definitions of these quantities. 

The rate components in Table 4-1 were obtained as follows: 

• Sand accumulation rates Vud and Vdd were calculated with algorithms used in Rodriguez 
and Dean (2005). Beach profiles measured along different transects were used as input 
files, and beach volume changes per meter of shoreline (m3/m) between two consecutive 
survey periods were calculated. From these quantities, the volumetric rate of change per 
year for the selected beach segment was obtained by multiplying the mean volume change 
per meter by the beach length, and dividing the quantity thus obtained by the period 
between the surveys (in years). These calculations were repeated for every consecutive 
survey interval, and from it, mean annual rates (m3/yr) for each selected long-term 
intervals were determined. The same long-term intervals were also used in estimating the 
following rate components: 

• Accumulation rates Vst and Vic, which were taken from data supplied by the Jupiter Inlet 
District. 

• The net littoral drift moving south was assumed to be constant based on a previous study 
on Jupiter Inlet by Mehta et al. (1991). 

• Transport rate Qs, which was obtained by subtracting from Qnet , the rate of sand entering 
the channel Qi, and sand lost to the Ocean Ql. 

• The rate of sand entering the inlet Qi was calculated by adding the rate of sand 
accumulated in the trap Vst, the rate of sand accumulated in the ICWW Vic, the rate of sand 
transport to the northern and southern reaches of the ICWW Qic, and the rate of sand 
transported to the Central Embayment Qc. 
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• The rate of sand transported southward after leaving the channel Qis was assumed to be 
8.3% of the sediment entering the channel, Qi, based on estimation by Mehta et al. (1991). 
This percent was determined in that report from sand transport studies before the south 
jetty was extended seaward in 1998. The present percent is likely to be somewhat lower 
than the pre-jetty-extension estimate. However, the difference is unknown. 

• The rate of sand lost to the Ocean Ql, was also assumed to be 3.8% of sand entering the 
inlet Qi (Mehta et al., 1991). This percent was determined from estimates of ebb delta 
volume changes prior to 1991. Surveys of the offshore region for years 2000 and 2001 
mentioned in Chapter 2, when carried out over a longer time period, e.g., 5 years if done 
annually, should enable a reassessment of Ql.  Pre-2000 data are not systematic in terms of 
survey region covered, and are of poor quality for deciding if the 3.8% value has changed 
since 1991. 

• Sand transport rate to the ICWW channel north of inlet Qic, was taken from the report of 
Patra and Mehta (2004). 

• Sand transport rate towards the Central Embayment Qc was also taken from the report of 
Patra and Mehta (2004). Since Qic and Qc are small relative to the littoral drift, they have 
not been evaluated since the rough estimates reported in Mehta et al. (1991), and employed 
by Patra and Mehta (2004). However, compilation of dredging history in the ICWW by the 
U.S. Army Corps of Engineers (Freda Zifteh, Jacksonville District, personal 
communication, December 20, 2006) makes it feasible to revisit these rates, especially 
because they can be used to obtain realistic boundary conditions at the north and south 
junctions of ICWW and the Loxahatchee estuary. In the present analysis, sediment loads at 
these junctions were taken to be nil. 

4.3 Data Sources 

4.3.1 Types of Data 

The following two types of data were used to develop the sand budget: 

• Shoreline data, and 

• Beach nourishment and dredging data. 

These data are described below. 

4.3.1.1 Shoreline data  

Beach profiles used to calculate shoreline and beach volume changes were obtained from 

the Bureau of Beaches and Coastal Systems of FDEP, Palm Beach County website and from JID. 

For the selected 30-year long-term period (1975-2004), there were three FDEP surveys each, for 
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Martin and Palm Beach Counties.  Unfortunately, matching FDEP survey dates were not 

available for the two counties. Surveys found to be closest in dates were a 1976 survey for 

Martin County and 1974 for Palm Beach County, 1982 for Martin County and 1990 for Palm 

Beach County, and 2002 for Martin County and 2001 for Palm Beach County (Odroniec, 2006).  

Table 4-2 lists the survey dates for each county as well as the beach profile type for each survey. 

A beach profile is considered wading if its offshore length is limited by the distance to 

which the surveyor can wade or swim, which is typically up to a depth of about 1.5 m.  In 

contrast, a long profile is taken by a survey vessel and is typically longer than the distance at 

which the depth of closure occurs. In the present study, long profiles were used for calculating 

updrift and downdrift beach volume changes, which in turn were used to obtain average beach 

volume changes for the long-term period 1974-1986 and for 1986-2002. The FDEP surveys were 

based on the NGVD29 tidal datum, whereas the JID surveys were based on NAVD88. The 

FDEP survey data were converted to NAVD88 by subtracting 0.46 m from the reported 

elevations.

The step-by-step calculation procedure was as follows: 

• Beach profile data files included northing, easting (state-plane coordinates) and elevation 
(with respect to MLLW, which is 0.8 m below NAVD 88). From these data, each long 
profile was represented as distance from the monument and depth at that point. 

• At each monument, the area between two consecutive profiles was calculated. This area 
gave the unit volume change at that monument between two consecutive surveys. Volume 
change calculations began at closest shoreline point for all the surveys and ended at the 
depth of closure estimated to be 3.1m by Odroniec (2006). 

• The unit volume changes were averaged over the length of the beach to obtain the mean 
volume change for that beach. The beach segment north of the inlet covered approximately 
8 km from the inlet up to monument R-112 in Martin County, and the segment south of the 
inlet covered approximately 7 km from the inlet up to R-36 in Palm Beach County. The 
choice of R-112 was based on two criteria: (1) at that profile there is a slight reorientation 
of the shoreline of Jupiter Island such that the shoreline between the inlet and that point 
forms a single stretch of a somewhat straight beach; and (2) most of beach nourishment 
north of the inlet is believed to have taken place north of R-112. Nourishment dates and 

54 



 

volumes are given in Table 4-3. The choice of R-36 was based on separating the stretch of 
beach nourishment by JID, which is north of R-36, and by the Palm Beach County, which 
is south. 

• The volume change for the length of beach was divided by the time in years between two 
consecutive surveys to obtain beach volume change per year (Table 4-4).  

The JID profiles (taken by Lidberg Land Surveying of Jupiter, Florida), were mainly south 

of the inlet, up to R-21 in Palm Beach County. Most profiles began at R-13 and ended at R-17, a 

distance of 1.21 km. As a result, the effect of nourishment down to R-36 could not be determined 

using these data. The nine surveys are indicated in Table 4-5. Profile data for February 1993 and 

March 1994 were provided as blue-printed sheets, and those for the period May 1995 to April 

2004 were in the digital format. The blue-printed data were digitized manually. 

Figures 4-3 and 4-4 show the along-beach extents for which the beach volume changes 

were calculated for the FDEP and JID budgets, respectively. 

4.3.1.2 Beach nourishment 

Sediment dredged from the JID trap between 1952 and 2006 has been placed as 

nourishment on the downdrift beach. Volumes of sand dredged from the trap (including adjacent 

channel east of the trap) and the ICWW, and the volumetric amount placed as nourishment are 

given in Table 4-6. The combined JID trap and ICWW annual volume is plotted against year in 

Figure 4-5.  The mean volume is 46,170 m3/yr, and the standard deviation is 47,270 m3/yr, 

indicating significant variability in placed quantities. 

4.4 Sand Budget Analysis 

The first inlet sand budget, for the 1952-88 period, is reported in Mehta et al. (1991).  

Components of that budget are given in Table 4-7, and shown pictorially in Figure 4-6. The 

budget was based on nourishment volumes from the trap and the ICWW, without knowledge of 

synchronous beach volume changes, as beach profiling began only in 1974. 
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Based on data presented in Tables 4-8, 4-9, 4-10 and 4-11, budgets for four time periods, 

two using the FDEP surveys from 1974 to 1986 and from 1986 to 2002, and two using the JID 

surveys from 1993 to 1998 and 1998 to 2006 were developed. Since the extension of south jetty 

was completed in 1998 (Michael Grella, JID, personal communication), the budget for the 1998-

2006 period can be expected to include effects of the jetty.   

Figures 4-7, 4-8, 4-9 and 4-10 pictorially show the budgets for the years 1974-1986 (FDEP 

data), 1987-2002 (FDEP data) and 1993-1998 (JID data) and 1998-2006 (JID data), respectively. 

As an example, steps are given below for the way in which each component of the budget for 

1974-86 was determined in the following way: 

• Qnet was taken to be 176,000 m3 per year based on Mehta et al. (1991). 

• Qi = Vic + Vst + Qic + Qc = 56,000 m3/yr. 

• Ql = 3.8Qnet = 7,000 m3/yr. 

• Qs= 176000-56000-7000=113,000 m3/yr 

• Qis = 0.083Qi = 5,000 m3/yr. 

• Vic = 21,000 m3/yr is the average value for the period 1974-1986, from Table 4-7. 

• Vst = 32,000 m3/yr is the average value for the period 1974-1986, from Table 4-6. 

• Qic = 2,000 m3/yr from Patra and Mehta (2004). 

• Qc = 1,000 m3/yr from Chapter 3 (rounded to the nearest thousand m3). 

The 1974-1986 and the 1993-1998 budgets correspond to the periods before the jetty 

reconstruction, whereas the 1986-2002 budget covers both pre- and post-jetty construction 

periods. Finally, the1998-2006 budget solely includes the period after reconstruction. Beach 

volume accretion rates in the 1974-1986 and 1986-2002 budgets are identical; being 1,000 m3/yr 

for the north beach, and 7,000 m3/yr for the south beach.  Also, the rate of sand entering the inlet 

remained nearly constant (45,000 m3/yr for 1974-1986) and (47,000 m3/yr for 1986-2002). There 
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was a slight decrease in the rate of sand accumulation in ICWW relative to the JID trap, as seen 

in Table 4-12. It is uncertain if any statistical significance can be attached to this change. If so, 

the cause may be attributed to a steady improvement in inlet management practices (Grella, 

1993).  

Volume change data for the 1.2 km length of the beach south of the inlet are given in Table 

4-13. The unit volume change and total volume change values reflect the difficulty inherent in 

choosing any particular period as being representative of a “mean” budget for the beach. For 

instance, in the 1993-1998 and the 1998-2004 periods the unit volume change and the total 

volume change are both positive, indicating annual accretion. The pre-jetty period is limited to 

1993 as the earliest date when JID surveys were first made. If the post-jetty reconstruction period 

is increased by two years to 1998-2006, substantial rates of loss of sand are found.  Given the 

gains during ~5 year long 1993-1998 period and the nearly equal 1998-2004 period, these losses 

must be attributed to increased wave activity along the beach of such nature as to cause sand 

loss. Since no long term wave gage data in the proximity of the inlet are available prior to 2006, 

one must tentatively attribute sand loss to the severity of wave activity in the region since 2004, 

which was marked by unusually significant sea storms during Summer and Fall.  An inference 

one can draw is that sand budgets must be examined each year based on data from the previous 

year to track the performance of the inlet. As far as JID’s management plan is concerned, it 

would appear that the only necessary action should be to maintain the navigable depth and place 

the sand on the beach, with minimal losses of sand to the interior region, which is discussed next.   

4.5 Sand Budget for Western Zone 

Figure 4-11 identifies different components of the budgets for the western zone, which 

are given in Table 4-14. 

The components of the budget are calculated in the following way: 
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• Volumetric rate of sand flowing into the Central Embayment from the NW Fork (QNW) is 
obtained for Transect F, Table 3-4.  

• Volumetric rate of sand flowing into the Central Embayment from the SW Fork (QSW) is 
obtained for Transect H, Table 3-4. 

• Volumetric rate of sand flowing into the Central Embayment from the North Fork (QN), is 
obtained for Transect D, Table 3-4. 

• Volumetric rate of sand flowing out of the Central Embayment flowing across the FECRR 
bridge (QF) is obtained for Transect C, Table 3-4. 

An analysis of the sand movement in the western zone was also done by Patra and Mehta 

(2004). There, the main accumulation feature is the sandy flood shoal. Generally, a flood shoal 

develops when an inlet is opened and sediment begins to enter the bay.  The effective date of 

opening of Jupiter Inlet is 1947, when it was widened permanently by dredging and stabilized 

with jetties (Patra and Mehta, 2004). Carr de Betts (1999) estimated the shoal volume in the 

Central Embayment to be 7.55x105 m3 in 1983. Much of this volume is believed to have arrived 

from the Ocean when the inlet was opened initially, and after the construction of C-18 Canal in 

1957/58, a major portion is believed to have come soon thereafter from the SW Fork. The 

present rate of accumulation in the Central Embayment was estimated to be of the order of 3,000 

m3/yr (Patra and Mehta, 2004). The present rate of transport of sand from the eastern end of the 

bay (FECRR bridge) is about 1,200 m3/yr (Chapter 3). The difference, 1,800 m3/yr, arrives from 

the NW Fork during river floods (which were not modeled in the present study). Figure 4-12 

shows the components of budget for the western zone. During normal, non-flood conditions, 

sand load contribution from the NW Fork is negligible (Chapter 3). The North Fork and the SW 

Fork do not contribute sand to the embayment.  
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Figure 4-1 Approximate boundaries of eastern and western zones for sand budget analysis. 

 

Figure 4-2 Volumetric rate components characterizing sand budget for eastern zone.  
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Selected length of beach 
for FDEP surveys 

Figure 4-3 Length of north beach selected for FDEP budgets.  

 

Selected length of beach 
for JID surveys 

Figure 4-4 Length of south beach selected for JID budget.  
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Figure 4-5 Combined JID trap and ICWW annual dredged volume against year of placement. 

 

Figure 4-6 Components of eastern zone sand budget for 1952-88 (based on Mehta et al., 1991). 
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Figure 4-7 Components of eastern zone FDEP sand budget for 1974-1986. 

 

Figure 4-8 Components of eastern zone FDEP sand budget for 1986-2002. 
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Figure 4-9 Components of eastern zone JID sand budget for 1993-1998. 

 

Figure 4-10 Components of eastern zone JID sand budget for 1998-2006.  
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Figure 4-11 Components of sand budget for the western zone. 

 

Figure 4-12 Volumetric sand transport rates in the western zone. 
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Table 4-1 Components of sand budget for the eastern zone 
Quantity 
(m3/yr)  

Definition 

Qnet Net littoral drift southward 
Vud Beach volume change rate updrift of inlet 
Vdd Beach volume change rate downdrift of inlet 
Vst Volumetric rate of sand accumulation in the trap 
Vic Volumetric rate of sand accumulation in the ICWW channel 
Qs Volumetric rate of sand flowing southward bypassing the inlet 
Qi Volumetric rate of sand entering the inlet 
Qis Volumetric rate of sand leaving the channel and flowing southward 
Ql Volumetric rate of sediment lost offshore 
Qst Volumetric rate of sediment flowing southward from the inlet 
Qic Volumetric rate of sand flowing into northern ICWW 
Qc Volumetric rate of sand flowing to the Central Embayment 

 

Table 4-2 FDEP surveys for Martin and Palm Beach Counties 
County Survey date Profile type 

1976 Wading profile every monument; long 
profile every third monument 

1982 Wading profile every monument; long 
profile every third monument Martin 

2002 Wading and long profiles every 
monument 

1974 Wading profile every monument; long 
profile every third monument 

1990 Wading and long profiles every 
monument Palm Beach 

2001 Wading and long profiles every 
monument 

 
Table 4-3 Jupiter Inlet updrift beach nourishment volumes (Odroniec, 2006) 

Year Nourishment 
volume 

(m3) 

Source of data 

1974 741,620 Aubrey and Dekimpe (1988) 
1977 366,990 Aubrey and Dekimpe (1988) 
1978 649,870 Aubrey and Dekimpe (1988) 
1983 108,410 Michael Grella (personal communication, 2006) 
1983 764,560 Aubrey and Dekimpe (1988) 
1986 116,920 Michael Grella (personal communication, 2006) 
1987 1,704,960 Aubrey and Dekimpe (1988) 

1995/1996 1,330,330 Beaches and Shores Resource Center 
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Table 4-4 Volume change rates updrift and downdrift of Jupiter Inlet 

Period Vud
(m3/yr) 

Vdd
(m3/yr) 

1974-1986 6,600 7,00 
1986-2002 6,900 1,000 

Change  + 300 +300 
Change % + 4.3 + 30 

 

Table 4-5 JID surveys in Palm Beach County 
Date Length of survey Original format 

February 1993 R-13 to R-17 Sheets 
March 1994 R-13 to R-17 Sheets 
May 1995 R-13 to R-17 Digital 

November 1995 R-13 to R-17 Digital 
March 1996 R-13 to R-17 Digital 

November 1996 R-13 to R-17 Digital 
March 1997 R-13 to R-17 Digital 
March 1998 R-13 to R-17 Digital 
March 1999 R-13 to R-17 Digital 
March 2000 R-10 to R-21 Digital 
May 2001 R-10 to R-21 Digital 

October 2002 R-10 to R-21 Digital 
April 2004 R-13 to R-17 Digital 

August 2005 R-13 to R-17 Digital 
November 2006 R-13 to R-17 Digital 
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Table 4-6 Jupiter Inlet trap dredging and placement volumes, 1952-1995 

Year 
Sand trap 
dredging 

(m3) 

ICWW 
dredging 

(m3) 

Nourishment 
from sand trap 

and ICWW 
(m3) 

Nourishment 
from other 

sources 
(m3) 

1952 55070 22920 77990 0 
1954 0 45840 45840 0 
1956 32090 53480 85570 0 
1958 34460 32090 66550 0 
1960 34380 34380 68760 0 
1962 34380 0 34380 0 
1964 93970 0 93970 0 
1966 31040 0 31040 0 
1968 39810 0 39810 0 
1969 0 38580 38580 0 
1970 58830 0 58830 0 
1972 58450 33460 91910 0 
1975 78390 117660 196050 0 
1977 71810 0 71810 0 
1979 71050 90760 161810 0 
1981 57300 0 57300 0 
1983 45840 23910 69750 0 
1985 58060 0 58060 0 
1986 0 17280 17280 0 
1987 50040 0 50040 0 
1988 52950 66470 119420 0 
1990 64940 0 64940 0 
1991 43430 0 43430 0 
1992 0 106200 106200 0 
1993 47000 0 47000 0 
1994 54640 0 54640 0 
1995 55010 84420 139430 461460 
1996 24100 0 24100 0 
1998 64940 0 64940 0 
2000 42940 27180 70120 0 
2001 63340 49530 112870 0 
2002 33620 0 33620 477500 
2004 45840 84040 129880 0 
2005 59590 0 59590 0 
2006 53860 0 53860 0 

a NA Not available.  
b Source of additional sand not known. 
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Table 4-7 Annual sand transport rates near Jupiter Inlet, 1952-1988 (Mehta et al., 1991). 
Transport from/to Volumetric rate 

(m3/yr) 
Net southward littoral drift (Qnet) 176,000 
Entering the channel from littoral drift (Qi) 46,000 
Bar-bypassed around the inlet (Qs) 128,000 
Volumetric rate of sand accumulation in the ICWW (Vic) 10,000 
Volumetric rate of sand accumulation in the trap (Vst) 23,000 
Tidally bypassed by entering and then leaving the channel (Qis) 4,000 
Ejected from the channel to offshore by ebb flow (Ql) 5,000 
Transported to ICWW channels north of inlet (Qic) 3,000 
Transported to Central Embayment (Qc) 2,000 

. 
Table 4-8 Annual sand transport rates in the eastern zone for 1974-1986 FDEP budget. 

Transport from/to Volumetric rate 
(m3/yr) 

Net southward littoral drift (Qnet) 176,000 
Entering the channel from littoral drift (Qi) 56,000 
Bar-bypassed around the inlet (Qs) 113,000 
Volumetric rate of sand accumulation in the ICWW (Vic) 21,000 
Volumetric rate of sand accumulation in the trap (Vst) 32,000 
Tidally bypassed by entering and then leaving the channel (Qis) 5,000 
Ejected from the channel to offshore by ebb flow (Ql) 7,000 
Transported to ICWW channels north of inlet(Qic) 2,000 
Transported to central embayment(Qc) 1,000 
Beach volume change rate updrift of inlet (Vud) 1,000 
Beach volume change rate downdrift of inlet (Vdd) 7,000 
 

Table 4-9 Annual sand transport rates in the eastern zone for 1986-2002 FDEP budget 
Transport from/to Volumetric rate 

(m3/yr) 
Net southward littoral drift (Qnet) 176,000 
Entering the channel from littoral drift (Qi) 54,000 
Bar-bypassed around the inlet (Qs) 115,000 
Volumetric rate of sand accumulation in the ICWW (Vic) 17,000 
Volumetric rate of sand accumulation in the trap (Vst) 34,000 
Tidally bypassed by entering and then leaving the channel (Qis) 5,000 
Ejected from the channel to offshore by ebb flow (Ql) 7,000 
Transported to ICWW channels north and south of inlet (Qic) 2,000 
Transported to Central Embayment (Qc) 1,000 
Beach volume change rate updrift of inlet (Vud) 1,000 
Beach volume change rate downdrift of inlet (Vdd) 7,000 
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Table 4-10 Annual sand transport rates in the eastern zone for 1993-1998 JID sand budget 
Transport from/to Volumetric rate 

(m3/yr) 
Net southward littoral drift (Qnet) 176,000 
Entering the channel from littoral drift (Qi) 58,000 
Bar-bypassed around the inlet (Qs) 111,000 
Volumetric rate of sand accumulation in the ICWW (Vic) 14,000 
Volumetric rate of sand accumulation in the trap (Vst) 41,000 
Tidally bypassed by entering and then leaving the channel (Qis) 5,000 
Ejected from the channel to offshore by ebb flow (Ql) 7,000 
Transported to ICWW channels north and south of inlet(Qic) 2,000 
Transported to Central Embayment(Qc) 1,000 
Beach volume change rate downdrift of inlet (Vdd) 4,000 

 

Table 4-11 Annual sand transport rates in the eastern zone for 1998-2006 JID sand budget 
Transport from/to Volumetric rate 

(m3/yr) 
Net southward littoral drift (Qnet) 176,000 
Entering the channel from littoral drift (Qi) 61,000 
Bar-bypassed around the inlet (Qs) 107,000 
Volumetric rate of sand accumulation in the ICWW (Vic) 18,000 
Volumetric rate of sand accumulation in the trap (Vst) 40,000 
Tidally bypassed by entering and then leaving the channel (Qis) 5,000 
Ejected from the channel to offshore by ebb flow (Ql) 7,000 
Transported to ICWW channels north and south of inlet(Qic) 2,000 
Transported to Central Embayment(Qc) 1,000 
Beach volume change rate downdrift of inlet (Vdd) -9,000 
 

Table 4-12 Rates of accumulation in JID sand trap and ICWW 

Period 

Rate of 
accumulation  

in JID trap 
(m3/yr) 

Rate of 
accumulation  

in ICWW 
(m3/yr) 

ICWW rate  
as a fraction of  
JID trap rate 

1952-1988 27,000 16,000 0.6 
1974-1986 32,000 21,000 0.6 
1986-2002 34,000 17,000 0.5 
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Table 4-13 Jetty pre- and post-extension volume changes on 1.2 km of south beach 

Period Jetty  
Status 

Unit volume 
change 

(m3/yr m) 

Total volume 
change 

(m3) 
1993-1998 Pre-extension +2.92 +17,526 
1998-2004 Post-extension, pre-storms +13.16 +126,310 
1998-2006 Post-extension, post-storms -7.46 -71,689 

 
Table 4-14 Definitions of components of western zone sediment budget. 

Component Definition 
QNW Volume rate of sediment flowing into the 

Central Embayment from the 
North West Fork 

QSW Volume rate of sediment flowing into the 
Central Embayment from the 
South West Fork 

QN Volume rate of sediment flowing into the 
Central Embayment from the 
North Fork 

QF Volume rate of sediment flowing into the 
Central embayment across the 
FECRR bridge. 

VC Volumetric rate of accumulation in the 
Central Embayment 

 

Table 4-15 Annual mean sand transport rates in the western zone. 

Transport from/to or accumulation Volumetric rate 
(m3/yr) 

From Northwest Fork (QNW) 1,800 
From Southwest Fork (QSW) 0 
From North Fork (QN) 0 
To Central Embayment past FECRR bridge (QF) 1,200 
Accumulation in Central Embayment (VC) 3,000 
 

 

70 



 

CHAPTER 5 
SUMMARY AND CONCLUSIONS 

5.1 Summary 

Due to the presence of Jupiter Inlet, the potential for beach erosion has always existed 

along the downdrift beach, especially since the late 1940’s when the inlet navigation was 

stabilized by robust jetties and sand dredging from the channel.  The management of the sand 

resources within the inlet area is dependent on rates of sand inflow, outflow and accumulation 

(or erosion). The objective of this study was to determine a new sand budget for the inlet area, 

including its inner bay called the Central Embayment. Tasks undertaken to meet this objective 

were: (1) collection of current velocity and suspended sediment concentration data for sand 

moving within the inlet channel, (2) use of a numerical model along with collected data to 

estimate sand loads at selected transects in the inlet channel and the Central Embayment, (3) 

analysis of data on beach profiles, sand accumulation and sand transfer in the inlet area, and (4) 

development of sand budgets for the inlet and the Central Embayment. 

5.2 Conclusions 

Based on the above mentioned tasks, the following conclusions can be derived: 

• The peak velocity of the water that flows in was found to be approximately 35% more than 
the velocity of water that flows out, which as result causes more sediment to flow in to the 
channel than out of it. This observation is supported by calculations of bed shear stresses 
from the velocity measurements, which were higher during flood flow than during the 
subsequent ebb flow.  

• The majority of sediment supply from the seaward end of the inlet is as suspended load. 
Suspended sediment mobility just offshore of the mouth is dependent on wave-induced 
bottom stresses (Appendix A), as can be (partially) verified from the fact that the 
movement of sand from the beaches increased significantly between 2004 and 2006 due to 
storm wave activity. 

• The movement of sand in the western half of the Central Embayment is low because of 
low flow velocities. However, sand does move into the Central Embayment at its eastern 
end under the FECRR bridge at the rate of about 1,200 m3/yr. This value is in order of 
magnitude agreement with 1,000 m3/yr estimated by Patra and Mehta (2004).  
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• The increase in the frequency of dredging in the sand trap has resulted in a slight decrease 
in the volume of sand deposition in the ICWW relative to the JID trap. The ICWW-to-trap 
ratio of annual volume dredged decreased from 0.6 during 1974-1986 to 0.5 during 1986-
2002.  

• The 8 km long stretch of the beach north of the inlet has remained stable since 1974, 
gaining only 1,000 m3/yr, a negligible amount during 1974-2002. The south beach, of 7 km 
length, has gained 7,000 m3/yr during the same period. 

• Unit volume change and total volume change values for the 1.2 km length of the beach 
south of the inlet reflect the difficulty inherent in choosing any particular period as being 
representative of a “mean” budget for the beach. For instance, in the 1993-1998 and the 
1998-2004 periods the unit volume change and the total volume change are both positive, 
indicating annual accretion. The pre-jetty period is limited to 1993 as the earliest date 
when JID surveys were first made. If the post-jetty reconstruction period is increased by 
two years to 1998-2006, substantial rates of loss of sand are found. Given the gains during 
~5 year long 1993-1998 period and the nearly equal 1998-2004 period, these losses must 
be attributed to increased wave activity along the beach of such nature as to cause sand 
loss. Since no long-term wave gage data in the proximity of the inlet are available prior to 
2006, one must tentatively attribute sand loss to the severity of wave activity in the region 
since 2004, which was marked by unusually significant sea storms during Summer and 
Fall. 

• An inference one can draw from the above observations is that inlet sand budget must be 
examined each year based on data from the previous year to track the performance of the 
inlet. 

• Most of the erosion at the beach in the vicinity of the inlet (FDEP monuments R-13 to R-
17) appears to be due to the immediate presence of the inlet. For instance, the shoreline at 
location R-15 has oscillated between – 74 m to +63 m during 1993-2006, relative to 
shoreline position in February, 1993 (Appendix B). The same beach segment is also the 
immediate beneficiary of nourishment provided by hydraulic transfer of sand from the 
inlet.  

5.3 Recommendations for Further Work 

In order to increase the accuracy of future sediment budget analyses, the following 

recommendations should be considered:  

• Beach surveys should cover the R-13 to R-21 reach annually. R-10 through R-12 may be 
surveyed every three years. Consideration must be given to profiling every 500 ft (152 m) 
between R-14 and R-16, as opposed to the present 1,000 ft (304 m) distance. 

• For applying the technique described in Appendix C to assess shoreline changes south of 
the inlet from aerial images, the trajectory of excursion of the camera must remain 
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constant, i.e., its setting must not be changed for the time when the observations are being 
made. 
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APPENDIX A 
WAVE-INDUCED SAND MOBILITY 

A.1 Wave Data 

Waves combined with a current increase the effective bed shear stress over merely current 

flow. This may increase sediment mobilization and thus transport into or out of Jupiter Inlet. 

Thus, an estimation of how frequently waves mobilize sediment at the inlet mouth can provide 

an indication of their importance in making additional sediment available for transport, over and 

above transport due to tide.  

This analysis is carried out in the following two parts:  

• Prediction of bed shear stresses for specified waves and currents.  

• Estimation of how these stresses affect sand mobilization.  

For the stress computations, the measured tidal currents were assumed to be applicable to 

the mouth area.  

There are no wave gauges in the immediate vicinity of Jupiter Inlet. However, good 

records are available from the closest nearshore gauge at Melbourne Beach. Because waves 

arriving at Jupiter from the southeast are sheltered somewhat by the Bahamas Bank, the 

Melbourne Beach record can be expected to indicate slightly larger wave heights than at Jupiter 

Inlet. However, the general wave climate along the Melbourne Beach to Jupiter Inlet coast can 

be considered to be similar, and the Melbourne Beach gauge is believed to be a reliable source of 

wave information for this stretch of the beach. Thus, data from this gauge will used it to calculate 

wave-induced orbital velocities for bed shear stress estimation. To estimate the sediment 

transport regime from bed shear stress, the well known Shields criterion will be used.  

 
Figure A-1 shows measured wave records from 2003-2005, which includes several 

hurricane events. The record is almost complete and can be expected to give a good picture of 
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the overall wave climate. Calculated statistics of wave height and period are shown in Figure A-

2. These show a moderate wave climate, with most probable wave heights around 0.6 m and 0.15 

Hz frequency (7 s period). These values are in agreement with other estimates of wave 

characteristics on Florida’s Atlantic Coast. Wave properties were then transformed from the 8 m 

depth contour, where measurements were taken, to the representative depth of 3 m at the inlet 

mouth, taking into account wave shoaling and dissipation (Prof. Andrew Kennedy, personal 

communication). 

 

Figure A-1 Measured time-series of significant wave height off Melbourne Beach in 8 m depth.  

 
Figure A-2 Joint probability density for wave height and frequency in 8 m, showing typical wave 

height of around 0.6 m and frequency of 0.15Hz (7 s wave period). 
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A.2 Sediment Movement 

 
The Shields parameter is defined as 

dSg
x

)1( −
=Ψ

ρ
τ

      (A.1) 

where τb is the bed shear stress, g is gravitational acceleration, ρ is the fluid density and S and d 

are the specific gravity and median diameter d50 of the sediment, respectively. For low Shields 

parameters, there is no sediment mobilization (or transport), and the amount of mobilized 

sediment increases with increasing Ψ. The bed shear stress will be estimated for combined wave-

current flows using use the method of Soulsby et al. (1988). In addition to the sediment 

parameters, this method requires basic wave and current characteristics.  

To transform measured wave characteristics at 8 m to the 3 m depth near the inlet mouth, a 

simple one-dimensional model was used 

 ( )g dEC
x

∂
=

∂
ε  (A.2) 

where E is the wave energy, Cg is the shoreward component of the wave group velocity and εd is 

the breaking-induced dissipation, calculated using the method of Thornton and Guza (1982). 

This model was run for all relevant combinations of wave height and period, using a 

characteristic bed slope of 0.020. Knowing the frequency of occurrence for each offshore wave 

condition, the wave climate at 3 m depth was determined as shown in Figure A-3. Note the 

maximum significant wave height at this depth does not exceed around 1.9 m, as larger offshore 

waves will break and reduce wave heights to this value. 
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Figure A-3 Cumulative probability that significant wave height will be less than a given value at 

depth 3 m.  

 
The statistical distribution of wave heights and periods at this location was then used to 

estimate the statistical distribution of bed shear stress τb over a typical tidal cycle with peak flood 

flow velocity of 1 m/s using the method of Soulsby et al. (1988). This bed shear stress was then 

used to calculate the statistical distribution of Shields parameter using assumed value of 

“suspendable” sediment diameter d50  = 0.2 mm and specific gravity S = 2.65.  

 
The Shields parameters were then used to estimate the sediment transport regime using the 

criteria in Table A-1, and the statistical probabilities were used to estimate their frequencies of 

occurrence. As seen in Table A-1 and Figure A-4, waves and currents are large enough that there 

are almost no occasions when sediment is not mobile. Eight percent of the time, there will be 

minor bed load transport which probably contributes little to the overall net transport; larger bed 

load transport with some suspended load is likely around 23% of overall conditions, while there 

is strong bed load and suspended load the remainder of the time, around 69%. An examination of 

Figure A-4 further shows that very high Shields parameters of Ψ > 2 are likely 12% of the time, 

which would further increase sediment mobilization and assist in transporting sediment into the 

inlet. 
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Table A-1 Types of sediment transport and frequency of occurrence at the inlet in 3 m depth 

Frequency of 
occurrence 

Shields 
parameter 

Sediment transport behavior 

Wave-
Current 

(%) 

Current 
Only 
(%) 

Ψ <  0.05 No sediment motion 0 17 
0.05 < Ψ < 0.5 Some bed load transport, rippled beds 8 49 

0.5 < Ψ < 1 Bed load and some suspended load, rippled beds 23 34 
Ψ > 1 Strong bed load and suspended load, sheet flow 69 0 

 

 
Figure A-4 Cumulative probability that Shields parameter will be less than a given value for 

combined wave-current flow; (b) Some bed load transport, rippled bed (c) bed load 
and some suspended load, rippled bed; (d) Strong bed load and suspended load, sheet 
flow. The category of no sediment motion is to the left of dashed line in category (b). 

 
These large bed shear stresses may be compared to the current-only bed shear stresses 

induced from pure tidal motion. Figure A-5 and Table A-1 show the Shields probability 

distributions for pure current flow, and may be compared to results for combined wave-current 

motion in Figure A-4. Sediment mobilization decreases dramatically, with no occasions of strong 

sediment mobilization with Ψ > 1, and 17% occurrence of no sediment mobilization at all. Thus, 

sediment transport into the inlet will be increased significantly by waves mobilizing sediment at 

the inlet mouth. This mobilized sediment is likely to be deposited further in the inlet as the wave 
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climate decreases, e.g., in the sand trap. The gross sediment mobilization (Figure. A-6) is 

obtained using the following equation       

 
1 3
2(( 1) ) . .8.( ) .mQ S gd d= − ψ − ψ 2 b  (A.3) 

where b is the width of the channel. 
 

 
Figure A-5 Cumulative probability that Shields sediment mobility parameter will be less than a 

given value for pure tidal current flow. Labels are identical to Figure A-4. 

 
 

 
 
Figure A-6 Gross sediment mobilization time-series for 2003-2005 at Jupiter Inlet mouth. 
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APPENDIX B 
SHORELINE AND BEACH VOLUME CHANGES 

This appendix includes shoreline changes and beach volume changes obtained from beach 

profiles at monuments R-13 through R-17. Figures B-1 through B-5 covering profiles from 

February 1993 to March 2006, are based on data provided by JID (and taken by Lidberg Land 

Surveying of Jupiter, Florida), Figures B-6 through B-10, including profiles from July 2001 to 

August 2005, were taken from the Palm Beach County website (http://www.co.palm-

beach.fl.us/erm/enhancement/beachreports.asp). Unit volume changes and the shoreline changes 

between consecutive surveys are given in Figures B-11 and B-12, respectively. Figures B-13 

through B-17 show the shoreline position for R-13 through R-17. 
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Figure B-1 JID Beach profiles at R-13. 
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Figure B-2 JID Beach profiles at R-14. 

-15

-10

-5

0

5

10

0 200 400 600 800 1000 1200 1400 1600 1800

Distance (m)

D
ep

th
 (m

)

Feb-93
Mar-94
May-95
Mar-96
Mar-97
Mar-98
Mar-99
Mar-00
May-01
Oct-02
Apr-04
Aug-05
Nov-06

 

Figure B-3 JID Beach profiles at R-15. 
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Figure B-4 JID Beach profiles at R-16. 
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Figure B-5 JID Beach profiles at R-17. 
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Figure B-6 County beach profiles at R-13. 
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Figure B-7 County beach profiles at R-14. 
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Figure B-8 County beach profiles at R-15. 
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Figure B-9 County beach profiles at R-16. 
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Figure B-10 County beach profiles at R-17. 
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Figure B-11 Shoreline changes for 1993-2006 (R-13 to R-17). 

 

Figure B-12 Unit volume changes for 1993-2006 (R-13 to R-17). 
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Figure B-13 Shoreline position at monument R-13 starting February, 1993. 
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Figure B-14 Shoreline position at monument R-14 starting February, 1993. 
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Figure B-15 Shoreline position at monument R-15 starting February, 1993. 
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Figure B-16 Shoreline position at monument R-16 starting February, 1993. 
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Figure B-17 Shoreline position at monument R-17 starting February, 1993. 
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APPENDIX C 
ESTIMATION OF SHORELINE CHANGE FROM AERIAL IMAGERY 

Rectification of aerial photographs involves the establishment of ground control points that 

link each image to its corresponding aerial coverage on a digital orthophoto quarter quad 

(DOQQ), which serves as the base map. Points are chosen on the image that can be matched to 

points on the DOQQ. Road intersections and other cultural features are preferred as reference 

points rather than natural features. However, in many cases cultural features are absent and 

features such as trees, shrubs, and the edges of water bodies are used. Where possible, points are 

evenly spaced across the image, with special emphasis on the edges of the image, and on areas 

near to the shoreline. 

Thus, for calculating the shoreline changes south of Jupiter Inlet, aerial imagery was used. 

For an illustration of the method, we will consider Figures. C-1 and C-2, which show images for 

November 30, 2004 (10:10 am) and April 07, 2006 (1:15 pm), respectively, as obtained from a 

camera mounted on the Ocean Trails condominium south of the inlet. The rectangle marks the 

area which had control points. Figures C-3 and C-4 are the images showing the control points 

north and south of the camera, respectively, on the south beach. Table C-1 gives the coordinates 

(latitudes and longitudes) and elevation (meters above sea level) for the control points shown 

pictorially in Figures. C-3 and C-4.  

After the ground control points were established near the beach, two images were rectified 

using a computer program developed by Prof. Andrew Kennedy. Ten of the points from Figure 

C-4 were selected for analysis, as rectification required at least 8 of the 10 points. After 

rectification was complete, the image was made semi-transparent and overlain on the DOQQ. 

Figure C-5 show plots for shoreline changes prepared by comparing the two images. Figures C-6 

and C-7 give the tidal data for the two dates when the images were taken. These indicate that the 
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images were obtained at different stages of tide; the 2004 image was at high tide and the 2006 

image at low tide. Given this discrepancy, the shorelines in Figure C-5, both of which have the 

same orientation, cannot be compared with regard to beach width. 

 

Figure C-1 Shoreline on November 30, 2004 (10:10 am). 

 

 

Figure C-2 Shoreline on April 07, 2006 (1:15 pm). 
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Figure C-3 Beach imaging control points north of camera. 

 

 
Figure C-4 Beach imaging control points south of camera. 
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Table C-1 Coordinates and elevations of the control points. 
Points Latitude Longitude Elevation (m) 

1 2656.422593 8004.282727 3.101 
2 2656.424095 8004.284790 3.591 
3 2656.424352 8004.283473 3.599 
4 2656.429943 8004.284474 2.922 
5 2656.445124 8004.293226 2.705 
6 2656.414737 8004.272036 5.035 
7 2656.416346 8004.268788 5.031 
8 2656.417721 8004.269640 5.030 
9 2656.416361 8004.272451 5.046 
10 2656.273841 8004.221734 4.480 
11 2656.272311 8004.221251 4.974 
12 2656.267373 8004.221245 4.841 
13 2656.263371 8004.222644 4.360 
14 2656.263723 8004.220953 6.945 
15 2656.265210 8004.221443 6.965 
16 2656.269529 8004.216125 6.948 
17 2656.272940 8004.207913 5.328 
18 2656.273786 8004.204519 1.766 
19 2656.245712 8004.211376 4.846 
20 2656.230963 8004.206619 5.110 
21 2656.218549 8004.197241 7.168 
22 2656.221408 8004.184580 3.848 
23 2656.216380 8004.213872 0.512 
24 2656.188789 8004.191339 5.839 
25 2656.168808 8004.173882 4.894 
26 2656.356848 8004.239158 3.733 
27 2656.356970 8004.242266 4.362 
28 2656.354013 8004.246407 4.024 
29 2656.352355 8004.247356 3.914 
30 2656.309336 8004.242825 46.529 
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Figure C-5 Comparison between shoreline positions in 2004 and 2006. 

 
Figure C-6 Tide on November 30, 2004 corresponding to Figure C-1 (2.25 ft above MLLW).  
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Figure C-7 Tide on April 7, 2006 corresponding to Figure C-2 (0.5 ft above MLLW). 
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APPENDIX D 
BASIS FOR THE LENGTH OF SOUTH JETTY EXTENSION 

D.1 Introduction 

The purpose of extending the south jetty was two-fold: (1) to improve conditions for 

navigation in the channel, and (2) to increase the retention time of sand placed on the south 

beach.  

  Improvement in navigation would mean: (a) streamlining flood and ebb tidal flows, (b) 

reducing the impact of oblique waves on vessels, and (c) improving the self-cleaning capacity of 

flow in order to maintain channel depth over the ebb delta. 

  Increase in the retention time of sand was to be achieved by: (a) increasing beach 

protection from storm waves from the northwest, (b) reducing the return flow of sand into the 

inlet. 

 For the present study the second purpose is relevant, as it pertains to the efficacy of the 

sand placement protocol before and after jetty reconstruction. The placement of any structure 

perpendicular to the shoreline, such as a groin or a jetty, disturbs the littoral sand drift and causes 

erosion downdrift of the structure. It follows that longer the structure the deeper the erosion. 

There is equivalent accretion on the updrift side. In Figure D-1 the progression of downdrift 

erosion and updrift accretion are modeled at a shoreline at which a shore-normal structure is 

placed. The structure and wave conditions modeled were representative of conditions at Jupiter 

Inlet. Erosion is seen to extend in depth and distance with years. After a very long time and 

theoretically, the downdrift shoreline can be expected to recede by a distance equal to the 

protruding length of the structure. Accordingly, this modeling exercise can be used to show that 

lengthening the structure will reduced the rate of progression of erosion, but that the depth of 

erosion will increase. This is an important observation as it shows that in the final selection of 
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the length of the structure, these two aspects of beach erosion (depth versus distance) must be 

balanced.    

Two equal-length and parallel jetties at a narrow inlet (such as Jupiter) can be thought of as 

a single structure impacting the shoreline as in Figure D-1. Once the shoreline is modified by the 

jetties, the “no-inlet” shoreline can be theoretically determined by modeling shoreline changes 

following jetty construction. In practice one can also make a judgmental choice based on the 

known orientations of the shorelines far from the inlet. 
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Figure D-1 Simple model-based results of progression of erosion and accretion as a result of a 
shore-normal structure. 

Since the main agent for downdrift shoreline erosion is wave action, in order to reduce the 

rate of erosion a sheltered area must be created. At Florida’s east coast inlets sand drift occurs 

northward in summer and southward in winter as the wave direction changes from NW to SW. 

The annual net drift is southward due to the higher energy waves in winter. Nevertheless, 

because the drift occurs in two directions, downdrift erosion rate can be reduced by extending 

and reorienting the south jetty. However, erosion cannot be stopped entirely unless other 
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measures, such as beach nourishment, are taken. Nourishment is essential to maintain the 

downdrift shoreline in the “shadow” zone of the jetty. 

To revise the configuration of the jetties, tests were carried out in a fixed-bed hydraulic 

model at the Coastal and Oceanographic Engineering laboratory of the University of Florida. A 

summary of these tests is given in DelCharco (1992) and results are discussed in Mehta et al. 

(1992) for an assessment of the downdrift impact of the modified jetties relative to then existing 

configurations. This assessment was based on quantitative criteria related a balance between the 

wave-sheltering effect of the jetties and their beach erosion potential. The longer the jetties, the 

greater the sheltering effect of the (immediately) downdrift region against severe northeasters. 

However, this would also mean greater long-term recession of the shoreline. A shelter was 

desired by JID against episodic erosion immediately downdrift of the inlet. It was feared that 

“flanking” of the narrow barrier could take place, i.e., breaching of the barrier island would 

occur just south of the south jetty. Severe erosion at the site of a parking lot close to the south 

jetty did occur at the end of October, 1991. 

D.2 Outcome of Hydraulic Modeling Tests 

Hydraulic model tests indicated that any significant extension of the north jetty would 

further divert the net littoral drift away from the south beach. Therefore, only extensions of the 

south jetty in various configurations were considered. The configuration most likely to succeed 

was one including a linear extension followed by a curved extension (Figure D-2). 

 

100 



 

0 100 200 ft

N

Atlantic Ocean 

Jupiter Inlet 

A
B

C L 

 

Figure D-2 Jupiter Inlet with south jetty extension segments A (linear) and B (curved). 

Among the results there were some noteworthy outcomes. One in particular was that a 

configuration with A = 0 and B = 100 ft would have an overall beneficial effect (reduced wave 

action in the lee of the jetty and no significant extension of erosion downstream). However, tests 

also showed that A = 0 and B = 200 ft would not be beneficial, as downstream erosion would be 

high. Similarly, a comparable configuration with A = 100 ft and B = 50 ft (bent more sharply 

southward) would not be beneficial.  While from these three cases the clear conclusion would be 

that the choice of extension was a 100 ft extension at most, an examination of all test results 

taken together pointed to the likelihood that the outcomes were dependent on the weighting 

factors used in the chosen criteria for evaluation. This meant that the so-called quantitative 

criteria were in fact somewhat subjective. Also, limitations inherent in the use of a fixed-bed 

model to make assessments of the effect of jetty configuration on sand transport were felt to be 

ambiguous. Finally, as shown in Figure D-3, the effect of jetty was determined from flow and 

wave measurements close to the jetty, whereas the effect of erosion was expected to be over a 

much longer down stream distance (and not amenable to assessment in a fixed-bed model). In the 
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final analysis it was decided that the addition of a curved segment would be beneficial, but that 

an independent approach was required to determine the overall length of the jetty. 

D.3 Assessment of Jetty based on Shadow Effect 

 Figure D-4 shows the Jupiter Inlet shoreline (which has generally remained stable over 

the past two decades), with an attempt made to determined the “zero” line of Figure D-1. The 

direction of undisturbed littoral drift would be parallel to this line.  On that basis a south jetty 

extension of A = ~250 ft and B = ~ 150 ft would seems permissible, as even with this extension 

the south jetty would be in the shadow of the north jetty with respect to net drift.  

 A prototype case where a significant extension of the south jetty had successfully 

protected the beach immediately south of the inlet from severe erosion is Baker’s Haulover Inlet 

at the north end of Miami Beach (Figure D-5).  The south jetty extension was considerably 

intrusive with respect to the flow of littoral sand; however, the modification has been successful 

in eliminating shoreline erosion immediately downdrift of the jetty.  

As noted in Mehta et al. (1992), the final length of the south extension was A+B = 175 ft.    

 

Figure D-3 Inlet flow patterns for existing condition and a modification (flood and ebb).  
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Figure D-4 A qualitative assessment of no-inlet shoreline. 
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Pre-jetty  extension 
shoreline 

Figure D-5 Baker’s Haulover Inlet. 
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