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1.0 INTRODUCTION

1.1 Overview

The Jupiter/Carlin Shore Protection Project commenced in the spring of 1995, with an initial
nourishment of the beach south of Jupiter Inlet. A major renourishment followed in the winter of 2001. In
addition to these beach fills, numerous smaller projects added beach quality material to the project area.
In keeping with permitting regulations, regular beach monitoring tracked the beach’s response to the
nourishment. The monitoring data document the effects of the combined nourishment projects on the fill

placement areas, reference areas north and south of the project, and the borrow area.

This report documents the 36-month monitoring results of the 2001/02 Jupiter/Carlin Shore
Protection Project in northern Palm Beach County. Project monitoring consisted of data collection and

analysis from the project fill placement area and north and south reference areas.

Taylor Engineering analyzed profiles to develop volume comparisons between the 2005 survey
and 2001, 2002, 2004 pre-hurricane, and 2004 post-hurricane surveys. Following the summer 2004
survey, the project suffered severe erosion from Hurricanes Frances and Jeanne in September 2004. In

addition, Taylor Engineering also compared 2001, 2003, 2004 and 2005 hardbottom coverage.

This 36-month post-project monitoring report, prepared for Palm Beach County’s Department of
Environmental Resources Management (ERM), the Florida Department of Environmental Protection’s
(FDEP) Bureau of Beaches and Coastal Systems (BBCS), and the United States Army Corps of Engineers
(USACE), complies with FDEP construction permit monitoring requirements for the shore protection
project (FDEP permit # 0163093-001-JC). ERM authorized Taylor Engineering to perform the work

described herein.

1.2 Report Organization

Following this introduction, Chapter 2.0 reviews the nourishment history of the project beach
segment, FDEP permit requirements, and available monitoring data and provides details (e.g. date and
coverage) of the beach and borrow area surveys. Chapter 3.0 documents the analysis of the effects of the
beach fill placement on beach profiles, shoreline positions, and beach volumes in the fill placement and
reference areas over the monitoring period. Chapter 4.0 describes the hardbottom analysis. Chapter 5.0

summarizes and concludes this study and Chapter 6.0 provides a list of references.



Appendix A contains beach profile plots of all relevant surveys. Appendix B contains 2005 aerial
photos overlaid with surveyed MHW contours. Appendix C contains selected aerial and ground level

photos of the project area since 2001. Appendix D contains fill material sediment characteristics.



2.0 DATA COLLECTION

2.1  Nourishment History

Three government entities routinely place sand along the project beach between Jupiter Inlet and
Carlin Park. ERM sponsors the federal Jupiter/Carlin Shore Protection Project (subject of this report). The
Florida Inland Navigation District (FIND) disposes of material from routine Intracoastal Waterway
(ICWW) maintenance dredging in the vicinity of Jupiter Inlet along the project shoreline. Finally, the
Jupiter Inlet District (JID) — acting as local sponsor of Jupiter Inlet — periodically dredges a sand trap
located in the inlet throat. Each entity placed material on the project beach during the monitoring period

covered in this report.

Initial construction of the Jupiter/Carlin Shore Protection Project, completed in the spring of
1995, extended approximately 1.05 miles from Jupiter Inlet’s south jetty to Carlin Park (FDEP
monuments R-13 to R-19) in Palm Beach County, Florida (Figure 2.1). TL James placed approximately
603,800 cubic yards (cy) of beach quality sand excavated from Jupiter Inlet’s ebb tidal shoal.
Approximately seven years after initial construction, the first renourishment occurred between December
2001 and March 2002. Great Lakes Dock and Dredge Company (GLDD) placed 625,000 cy of beach

quality sand from a borrow area approximately 2 miles northeast of Jupiter Inlet.

In addition to the initial construction and first renourishment projects, several smaller scale
projects added sand within the study area during the monitoring period. Between nourishment and
renourishment projects (1995 and 2001), the following nourishment activities occurred. In the winter of
1995, as part of routine inlet maintenance, JID contracted Lake Michigan Contractors to dredge
approximately 72,000 cy from the sand trap located within the inlet throat. In 1996, FIND placed 190,000
cy from the ICWW. The JID subsequently performed regular sand trap maintenance dredging in 1997,
1999, 2000, and 2001, in which 32,000, 85,000, 56,000, and 83,000 cy (256,000 cy total) were placed on
the south beach adjacent to the inlet.

In the winter of 2001/2002, JID performed routine sand trap inlet maintenance dredging shortly
after the 2001 renourishment project. JID contracted with Postco Construction to dredge approximately
44,000 cy from the sand trap. Immediately following the JID project, Postco Construction dredged
approximately 120,000 cy of ICWW sand under contract to FIND. For both projects, Postco placed the
dredged material on the beach (above mean high water) between the south jetty and R-14. FIND's latest
ICWW contract through the USACE dredged 114,115 cy in 2004. JID contracted Lake Michigan

Contractors to dredge approximately 60,000 cy and 78,000 cy from the inlet sand trap in 2004 and 2005,
3



respectively. Table 2.1 on the next page summarizes the nourishment history from 1995 to 2006. Notably,
this report pertains to the renourishment beach monitoring from 2001 to 2005, therefore the information

provided prior to 2001 and the 2006 Subaqueous Services, Inc. dredging for JID serve as reference only.
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Figure 2.1 Location Map, Palm Beach County, Florida
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Table 2.1 Nourishment History

Volume Median
Year Project Sponsor Engineer Contractor Dredged Grain Size Construction
(CY) d50 (mm) Dates
1995 | Jupiter/Carlin ERM Coastal TL James 603,800 0.23 Spring 1995
SPP - Initial Planning &
Construction Engineering
1995 | Sand Trap JID Applied Lake 72,000 Contract award
Dredging Technology & | Michigan 3/1/95
Management Contractors
1996 | ICWW FIND USACE 110,500 11/5/1995 to
Dredging 2/21/1996
1997 | Sand Trap JID Applied Hendry 31,540 Contract award
Dredging Technology & | Corporation 11/20/96
Management
1999 | Sand Trap JID Robert Ludlum 85,000 Contract award
Dredging Cutcher Construction 9/29/98
2000 | Sand Trap JID Robert Hendry 56,200 Contract award
Dredging Cutcher Corporation 2/17/00
2001 Sand Trap JID Robert Southwind 82,900 Contract award
Dredging Cutcher Construction 2/24/01
2002" | Jupiter/ Carlin ERM Applied Great Lakes 625,000 0.38 12/01 to 3/02
SPP - 1¥ Technology & | Dredge &
Renourishment Management Dock
2002" | Sand Trap JID Postco 44,000 Contract award
Dredging Construction 2/18/02
2002 | ICWW FIND USACE Postco 120,000 Feb 2002
Dredging Construction
2004" | Sand Trap JID Taylor Lake 60,000 0.36 Contract award
Dredging Engineering Michigan 1/5/04
Contractors
2004" | ICWW FIND USACE 114,115 1/30/04 to 3/27/04
Dredging
2005" | Sand Trap JID Taylor Lake 78,000 2/14/05 to 3/2/05
Dredging Engineering Michigan
Contractors
2006 | Sand Trap JID Taylor Subaqueous 70,500 3/15/06 to 4/3/06
Dredging Engineering Services, Inc.

"Projects completed within monitoring period.




2.2 Survey History
2.2.1 Beach Profile Surveys

Palm Beach County has sponsored collection of beach profile survey data for monitoring purposes
since project inception. With the exception of a high density Laser Airborne Depth Sounder (LADS) survey
performed in October 2002, all survey data have been collected by traditional methods. The 12-month
monitoring report (ATM, 2004) provides an analysis of the LADS data with respect to the more traditional
survey data. Table 2.2 summarizes the timeline for the seven beach profile data sets available in the project
area. This report compares the 2005 survey with the earlier data (excluding the 2002 LADS survey and the
2003 data) to determine recent evolution of the project and reference areas. The 24-month monitoring report
(Taylor, 2005) indicates the 2002 6-month post-construction survey and the 2004 pre-hurricane survey
adequately describe beach evolution between the winters of 2001/2002 and 2003/2004. This report does not
directly compare the 2005 and 2003 surveys. Importantly, the upper portions of the 2004 post-hurricane
profile data represent conditions shortly after Hurricane Frances made landfall and before Hurricane Jeanne
impacted the area. The hydrographic portion of the post-hurricane surveys were completed approximately
four months later. Despite the lag in surveys, the alignment between the pre-Jeanne wading survey and the

post-Jeanne hydrographic survey is quite good and facilitates general comparisons.

Table 2.2 Survey History

Description Dates Surveyor
Pre-construction Summer 2001 Morgan & Eklund
6-month post- Oct 2002 Morgan & Eklund
construction
6-month post-
construction Oct 2002 Tenix LADS
(LADS)
12-month post- Summer 2003 Morgan & Eklund
construction
24-month post- July 6-20,2004 | Morgan & Eklund
construction
Beach portion:
Post-hurricane Sept 17-18, 2904 Morgan & Eklund
Hydrographic:
January 2005
36-month post- June 6 - August 23,
construction 2005 Morgan & Eklund




This report documents conditions in the beach fill placement area, a north reference area, and a
south reference area. From north to south, the beach monitoring areas are as follows: the north reference
area consists of a single profile at R-12 north of Jupiter Inlet; the beach fill placement area extending
approximately one mile between FDEP monuments R-13 and R-19 on the south side of Jupiter Inlet, and

a south reference area extending approximately 0.7 miles from R-19 to R-23 (Figure 2.2).
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Figure 2.2 Project and Reference Areas



Table 2.3 lists the control monuments associated with each profile surveyed for project
monitoring purposes. The monuments are part of an extensive network of survey controls originally
established by the Florida Department of Natural Resources (DNR) in the early 1970’s. These locations

serve as temporally consistent base points to originate beach profile surveys since that time.

Table 2.3 Control Table

Monument | Northing® Easting’ | Azimuth® | Elevation® Description
North
Reference R-12 950,183.68 958,738.44 75 8.89 DNR 1990
Area
R-13 949,339.90 958,518.30 75 11.08 *
R-14 948,470.45 958,739.74 75 7.97 PK& DISK ME *
Fill R-15 947,799.88 | 959,031.84 75 19.43 DNR DISK 1989
Placement
Area R-16 946,977.52 959,273.33 75 21.78 DNR DISK 1974
R-17 946,198.45 959,447.26 &5 20.56 DNR DISK 1989
R-18 945,280.80 959,626.11 85 14.90 *
R-19 943,958.48 959,812.07 &5 17.41 DNR DISK 1977
R-20 942,786.20 960,083.92 &5 23.80 *
South R-21 941,570.66 960,608.16 &0 12.14 DNR DISK 1989
Reference
Area R-22 940,578.69 960,742.38 80 23.11 DNR DISK 1977
R-23 939,580.34 961,072.50 75 23.88 DNR DISK 1977

'State Plane Feet, Florida East Zone, NAD 83

’Degrees clockwise from north

*National Geodetic Vertical Datum of 1929 (NGVD29)
*Monuments Relocated for 2005 survey

2.2.2 Ebb Shoal Surveys

Palm Beach County sponsored collection of three bathymetric surveys of the Jupiter Inlet ebb
shoal complex. The ebb shoal served as the borrow area for the original construction in 1995. The county
elected to move the borrow area to a different location for the first renourishment in 2001-2002. Table 2.4

lists information on the three ebb shoal surveys. There was no ebb shoal survey in 2005.




Table 2.4 Ebb Shoal Survey History

Dates Surveyor
July 2001 Morgan & Eklund
Summer 2003 Morgan & Eklund
January 2004 Morgan & Eklund

10




3.0 FILL PLACEMENT ANALYSIS

3.1 Overview

Project monitoring generally involves analyses to determine the evolution of beach fill over time.
Two parameters are of particular interest — changes to the shoreline position and the amount of fill
remaining within the project area. Shoreline positions are tracked by calculating the distance from a given
point (the survey monument) to a known elevation, in this case mean high water (MHW). Changes to the
MHW position between surveys indicate gross scale changes to the project. In addition, volume changes
are tracked between surveys to further refine our understanding of project evolution. Volume change can
be further segregated into compartments above and below the MHW elevation. Changes above MHW
represent variations to the subaerial or dry beach — the area typically considered by the public as the
beach. Below MHW changes — also called subaqueous changes — indicate material volume remaining

within the active profile, frequently in bar formations.

This chapter documents the effects of the initial renourishment and subsequent dredge projects on
beach profiles, shoreline positions, and beach volumes in the beach fill placement and north and south
reference areas, specifically during the 2005 monitoring survey period. Direct comparisons (i.e., changes)
between surveys indicate project performance during the period between surveys. For instance, a
comparison between the 2001 (pre-construction) and 2002 (post-construction) surveys reveal changes
brought about by project construction. Similarly, comparing the 2005 (36-month post-construction)
survey with the 2002 survey shows how the project has evolved over the first three years while
comparisons with the 2001 survey show how the beach has changed since before construction. Again, this

chapter deals with monitoring results from the 2005 survey when compared to prior surveys.

Appendix A contains beach profile plots for 2001, 2002, 2004, 2004-post hurricane, and 2005
surveys at each monument location listed in the beach fill placement and north and south reference areas
(Table 2.3). Notably, the 2001 beach profile survey data represent pre-fill conditions. Appendix A
contains two versions of the beach profile plots. One plot is the entire profile, the second is presented at a

scale to better show the profiles above MHW.

Finally, the project area received material from six smaller projects since the initial Jupiter/Carlin
SPP construction. As such, the following analyses represent changes attributable to the combined projects

as opposed to simply the Jupiter/Carlin project.

11



3.2 Shoreline Positions and Changes

Figure 3.1 presents the mean high water (MHW elevation = +1.93 ft-NGVD (Taylor, 2005))
shoreline position as a function of distance from each monument for every monitored beach profile.
Appendix B presents the mean high water shoreline position overlaid on 2005 aerials. Figure 3.2 presents
the change in MHW shoreline position. Figures 3.3 and 3.4 present the change in MHW shoreline
position relative to pre-construction and post-construction conditions. Tables 3.1 through 3.4 present data
for the plots. The following analysis addresses the three sections of shoreline: the beach-fill placement
area (R-13 through R-19), the north reference area (R-12), and the south reference area (R-20 through R-
23).

2001-2005
Comparing the 2005 monitoring survey to the pre-construction (2001) survey reveals the
condition of the beach three years after initial construction, e.g., the project’s effect on the beach when

compared to conditions before construction.

In the fill placement area, the MHW shorelines advanced 44 ft, on average, from 2001 (pre-fill) to
2005 (36-month post-fill). All beach reach averages are computed by distance-weighting the constituent
shoreline positions and position changes. The shoreline retreated almost 21 ft at R-19 but advanced nearly
143 ft at R-17. We attribute much of the larger shoreline advance south of the inlet (R-13 through R-18)
to periodic nourishment from smaller dredging projects (e.g. sand trap dredging) between 2001 and 2005.
South of the fill placement area, the shoreline advanced an average of 50 ft between R-20 and R-23. R-23
exhibited the largest advance (91 ft) while R-20 experienced the largest retreat (20 ft). Aerial photographs
suggest R-19 and R-20 may lie near a nodal point in the littoral transport along the Jupiter / Carlin study
area. A nodal point can develop at a location where the direction of longshore transport diverges.

Immediately north of the inlet, profile R-12 retreated almost 8 ft.

2002-2005

The 2002-2005 comparison indicates the project’s evolution since construction. In the fill
placement area, MHW shorelines retreated 81 ft, on average, from 2002 (6-month post-fill) to 2005 (36-
month post-fill). The shoreline retreated at every monument within the fill placement area with R-15
registering a maximum retreat of 147 ft. South of the fill area, the shoreline advanced an average of 24 ft,
ranging from a 4.5 ft advance at R-23 to a 58 ft advance at R-21. The combination of net retreat in the
project area and net advance south of the project area implies the beach fill has spread southward under

expected littoral drift. North of the inlet, profile R-12 retreated 59 ft.

12
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2004-2005

The 2004-2005 comparison shows beach fill evolution during the third year of the project.
Typically, the largest changes should occur during the first year as the steep construction profiles move
toward an equilibrium shape. Generally, we would anticipate the project to evolve more slowly during the
second and third years. As previously noted, the 36-mo report omits directly comparing the 2003 and
2005 surveys. The analysis of the 2003 and 2004 shoreline change is provided in the 24-month
monitoring report (Taylor Engineering, 2006) and indicates relatively little shoreline change. The lack of
substantial change during this period may be due, in part, to the absence of beach renourishment between
the winters of 2001/2002 and 2003/2004 and relatively quiet storm activity. In the fill placement area,
MHW shorelines retreated 39 ft, on average, from 2004 (24-month post-fill) to 2005 (36-month post-fill).
Shoreline change ranged from a 76 ft advance at R-17 to a 93 ft retreat at R-15. South of the project area,
the shoreline advanced up to 33 ft at R-21 and retreated as much as 72 ft at R-20 for an 8 ft weighted

average shoreline retreat from R-20 to R-23.

2004 hurricane-2005

During September 2004 both Hurricanes Frances and Jeanne impacted the Jupiter / Carlin study
area. The two hurricanes caused a net retreat of 3.5 ft within the project area and a net retreat of 0.5 ft
between R-20 and R-23. Palm Beach County commissioned a post storm survey to help determine
impacts from the 2004 hurricane season. We refer to this second 2004 beach survey during fall 2004 as
2004 hurricane. The 2004 hurricane-2005 comparison indicates post storm adjustment processes along the
subject beaches. Although several significant winter storms impacted the region during winter 2004/2005,
normal beach processes prevailed during this time. In the fill placement area, MHW shorelines retreated
35.5 ft, on average, from 2004 (post-hurricane) to 2005 (36-month post-fill). Shoreline change ranged
from a 53 ft advance at R-17 to an 83 ft retreat at R-19. South of the project area, the shoreline advanced
up to 48 ft at R-21 and retreated as much as 71.5 ft at R-20 for an 8 ft weighted average shoreline retreat
from R-20 to R-23.

In general, the analysis shows substantial variability in shoreline change throughout the study
area. Within the project area, most profiles indicate persistent shoreline retreat since the 2002 project
construction. Interestingly, only R-17 indicates general shoreline advance. Aerial photography indicates
R-17 is the point where the ebb shoal return bar welds back to the shoreline. South of the project area, the
survey data show persistent shoreline advancement at R-21, in front of the “Jupiter Reef Club” sea wall.

Historically, seas at high tide have reached the sea wall at this location; now dry beach usually persists.

17
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Table 3.1 Shoreline Positions

FDEP Reference Number

MHW Shoreline Position (ft from respective monument)

2001 2002 2003* 2004 2004 post- 2005
hurricane
North of Project Area
R-12 59.3 110.6 n/a 6.9 n/a 51.5
Project Area

R-13 152.0 237.6 298.9 264.5 275.7 201.2

R-14 211.7 355.5 3144 316.4 246.7 242.6

R-15 154.3 321.5 237.6 267.4 241.8 174.7

R-16 183.8 292.8 242.6 236.6 271.5 202.7

R-17 147.1 307.6 277.4 213.7 237.0 289.8

R-18 130.2 293.3 282.2 208.9 207.8 210.7

R-19 247.6 313.1 338.0 312.2 309.4 226.6

weighted average R-13 to R-19 177.7 302.5 288.2 260.7 257.2 221.5

South of Project Area

R-20 285.6 259.2 286.5 337.1 337.0 265.6

R-21 61.7 63.2 81.0 88.2 73.2 121.2

R-22 168.4 206.0 214.1 243.0 246.6 233.9

R-23 144.7 231.2 201.8 209.8 216.2 235.4

weighted average R-20 to R-23 170.1 196.1 203.0 228.6 228.4 220.1
weighted average R-12 to R-23 170.3 264.7 251.9 240.4 237.7 213.5

* From 24-Month Monitoring Report; not analyzed in this report.
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Table 3.2 Shoreline Change Relative to 2005

FDEP Reference Number

MHW Shoreline Change (ft)

2005 - 2001

36 month post —
preconstruction

2005 - 2002

36 month post —
6 month post

2005 - 2004

36 month post —
24 month post

2005 - 2004 post-
hurricane

36 month post —
hurricane monitoring

North of Project Area

R-12 -7.8 -59.1 44.6 n/a
Project Area
R-13 49.1 -36.4 -63.3 -74.6
R-14 30.9 -112.9 -73.8 -4.1
R-15 20.5 -146.8 -92.6 -67.1
R-16 18.9 -90.1 -33.8 -68.8
R-17 142.7 -17.9 76.1 52.8
R-18 80.4 -82.6 1.8 2.9
R-19 -21.0 -86.4 -85.6 -82.8
weighted average R-13 to R- 43.8 -81.1 -39.2 -35.7
19
South of Project Area
R-20 -19.9 6.4 -71.5 -71.4
R-21 59.4 58.0 33.0 48.0
R-22 65.5 27.9 -9.1 -12.7
R-23 90.7 4.3 25.6 19.2
weighted average R-20 to R- 50.0 24.0 -8.4 -8.2
23
weighted average R-12 to R- 43.2 -51.3 -27.0 -24.3

23
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Table 3.3 Shoreline Change Relative to Pre-construction (2001)

MHW Shoreline Change (ft)

FDEP Reference Number 2002 - 2001 2003 - 2001 2004 - 2001 2004 posébr(‘ﬁrr'ca”e - 2005 - 2001
North of Project Area
R-12 513 n/a 52,4 n/a 738
Project Area
R-13 85.5 146.9 112.5 123.7 49.1
R-14 1438 102.7 104.7 35.0 30.9
R-15 167.2 83.3 113.1 87.5 20.5
R-16 109.0 58.8 52.8 87.7 18.9
R-17 160.5 130.3 66.6 89.9 142.7
R-18 163.1 152.0 78.6 77.6 80.4
T-19 65.5 90.4 64.6 618 21.0
weighted average R-13 to 1249 1105 83.0 795 438
e . . . . .
South of Project Area
R-20 263 1.0 51.6 51.4 -19.9
R-21 1.4 19.3 26.4 115 59.4
T-22 376 45.7 74.6 78.2 65.5
T-23 86.5 57.1 65.1 715 90.7
weighted average R-20 to 26.0 328 58.4 58.2 50.0
T-23
weighted average R-12to 94.5 81.6 70.2 67.4 42

2001 data represents pre-construction (summer 2001)

2002 data represents 6-month post-construction (fall 2002)

2003 data represents 12-month post-construction (summer 2003)

2004 data represents 24-month post-construction (summer 2004)

2005 data represents 36-month post-construction (summer 2005)
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Table 3.4 Shoreline Change to Post-construction (2002)

MHW Shoreline Change (ft)
FDEP Reference Number 2003 - 2002 2004 - 2002 2004 post-hurricane - 2005 - 2002
2002
North of Project Area
R-12 n/a -103.7 n/a -59.1
Project Area

R-13 61.3 26.9 38.2 -36.4
R-14 -41.1 -39.1 -108.8 -112.9
R-15 -83.9 -54.1 -79.7 -146.8
R-16 -50.3 -56.3 -21.4 -90.1
R-17 -30.3 -93.9 -70.6 -17.9
R-18 -11.1 -84.5 -85.5 -82.6
T-19 25.0 -0.8 -3.7 -86.4

weighted average R-13 to T-19 -14.4 -41.9 -45.3 -81.1

South of Project Area

R-20 27.3 77.9 77.8 6.4
R-21 17.8 25.0 10.0 58.0
T-22 8.1 37.0 40.6 27.9
T-23 -29.4 -21.4 -14.9 4.3

weighted average R-20 to T-23 6.9 324 323 24.0

weighted average R-12 to T-23 -12.9 -24.3 -27.0 -51.3

2001 data represents pre-construction (summer 2001)

2002 data represents 6-month post-construction (fall 2002)

2003 data represents 12-month post-construction (summer 2003)
2004 data represents 24-month post-construction (summer 2004)

2005 data represents 36-month post-construction (summer 2005)




3.3 Beach Volume Changes

As discussed earlier in Section 3.1, beach volume changes also indicate project performance.
Inherently, volume change calculations require two surveys for comparison purposes. At each monument
location, Taylor Engineering calculated volume changes within two vertical compartments along each
profile — from the dune to MHW, and MHW to -30 ft--NGVD. The sum of both compartments yields the
overall profile volume change from the dune to -30 ft-NGVD. The -30 ft-NGVD depth was selected to
facilitate volume comparisons that include the substantive changes resulting from the 2004 hurricanes.
However, the surveys collected in 2002, 2004 and 2005 extend to approximately -24 ft--NGVD, -29 ft-
NGVD, and -29 ft-NGVD. For the surveys that do not extend to -30 ft-NGVD, we computed the volume
changes to the maximum depth available in the two profiles. Table 3.5 presents the maximum depth for

each comparison using data from 2002, 2004, and 2005.

Table 3.5 Maximum Depth for 2002, 2004, and 2005 Profile Surveys used for Volume Calculations
Maximum Depth ft-NGVD

Profile 2002 2004 2005
R-12 -23.9 -28.6 -30
R-13 239 282 -30
R-14 -23.9 282 -30
R-15 239 27.8 293
R-16 -23.8 -28.1 28.7
R-17 -23.8 287 273
R-18 -24.1 -29.0 -28.0
R-19 24.7 295 25.4
R-20 -25.1 29.9 -28.8
R-21 255 -30.0 -28.4
R-22 -25.9 -30.0 29.6
R-23 -26.1 -30.0 292

*All surveys in 2001 extended below -30 ft-NGVD.

Tables 3.6, 3.7, and 3.8 present beach volume changes between the 2005 monitoring survey and
the earlier surveys in the previously described compartments: dune to MHW, MHW to -30 ft-NGVD, and
overall (dune to -30 ft-NGVD). Figure 3.4 presents the beach volume changes above MHW for every
monitored beach profile. Figure 3.5 presents the beach volume changes between MHW and the -30 ft-
NGVD for every monitored beach profile. Importantly, the beach volume changes reported in the tables
have been rounded off (to whole numbers for cy/ft values and to 100s for cy values for each individual
beach profile); consequently some of the reported integrated values may not match exactly (e.g., the
summation of the dune to MHW change with the MHW to -30-ft NGVD change may not exactly equal
the reported dune to -30-ft NGVD change). Refer to Table 2.1 for the nourishment history between each

monitoring event.
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Table 3.6 Beach Volume Changes above MHW

€C

Volume Changes above MHW
2005 - 2001 2005 - 2002 2005 - 2004 2005 - 2004 post-hurricane
FDEP Reference Number 36 month post - pre 36 month post - 6 month | 36 month post - 24 month | 36 month post - 24 month post
post post hurricane
cy/ft cy cy/ft cy cy/ft cy cy/ft cy
North of Project Area
R-12 -12.3 -6,200 -20.6 -10,300 2.8 1,400 n/a n/a
Project Area

R-13 14.8 6,600 -38.4 -17,200 -8.9 -4,000 -3.6 -1,600

R-14 19.6 15,900 -17.2 -14,000 -12.1 -9,900 6.5 5,300

R-15 4.3 3,400 -48.9 -38,900 -31.9 -25,300 -12.6 -10,000

R-16 8.4 7,000 -30.6 -25,300 -6.7 -5,600 -1.3 -1,100

R-17 36.2 31,400 -13.0 -11,300 14.2 12,300 22.2 19,300

R-18 26.6 30,100 -31.6 -35,900 2.5 -2,800 7.3 8,200

R-19 -6.5 -4,300 -21.3 -14,200 -30.7 -20,500 -18.3 -12,200
Volume Change R-13 to R-19 90,100 -156,800 -55,800 7,900

South of Project Area

R-20 10.3 19,200 4.9 9,100 -17.8 -33,200 1.4 2,600

R-21 5.8 6,700 11.3 13,100 8.9 10,400 12.1 14,000

R-22 17.3 17,700 3.2 3,300 3.2 3,300 4.4 -4,500

T-23 20.8 10,900 11.6 6,100 6.4 3,400 4.0 2,100
Volume Change R-20 to T-23 54,500 31,600 -16,100 14,200
Volume Change R-12 to T-23 138,400 -135,500 -70,500 22,100

2001 data represents pre-construction (summer 2001)

2002 data represents 6-month post-construction (fall 2002)

2004 data represents 24-month post-construction (summer 2004)
2004 hurricane data represents 24-month post-hurricane (fall 2004)

2005 data represents 36-month post-construction (summer 2005)
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Table 3.7 Beach Volume Changes between MHW and -30 ft-NGVD

FDEP Reference Number

Volume Changes between MHW and -30 ft-NGVD

2005 - 2001

36 month post - pre

2005 - 2002
36 month post - 6 month post

2005 - 2004
36 month post - 24 month

2005 - 2004 hurricane
36 month post - 24 month post

post hurricane
cy/ft cy cy/ft cy cy/ft cy cy/ft cy
North of Project Area
R-12 -333.4 -167,000 -309.5 -155,000 -464.3 -232,600 n/a n/a
Project Area

R-13 -481.7 -216,100 -499.8 -224,200 -598.8 -268,600 -53.6 -24,000

R-14 -269.2 -219,300 -209.9 -171,000 -446.3 -363,600 106.2 86,500

R-15 -327.2 -260,000 -269.0 -213,800 -433.2 -344,300 -56.1 -44.,600

R-16 -88.0 -72,800 -46.2 -38,300 -105.1 -87,000 59.5 49,300

R-17 -88.9 -77,100 -70.6 -61,100 -114.9 -99,500 -35.0 -30,400

R-18 78.2 88,800 -214.5 -243,500 -1.8 -2,100 56.8 64,500

R-19 104.1 69,500 -203.2 -135,600 53.4 35,600 -12.9 -8,600
Volume Change R-13 to R-19 -687,000 -1,087,500 -1,129,500 92,700

South of Project Area

R-20 -10.6 -19,800 -243.5 -454.,200 -29.6 -55,300 58.1 108,400

R-21 -12.3 -14,300 -133.3 -154,900 -36.2 -42,100 22.6 26,300

R-22 -118.8 -122,000 -88.5 -90,800 -151.1 -155,100 53.0 54,400

T-23 -55.8 -29,300 -74.4 -39,100 -61.8 -32,500 94.9 49,900
Volume Change R-20 to T-23 -185,400 -739,000 -285,000 239,000
Volume Change R-12 to T-23 1,039,400 -1,981,500 -1,647,100 331,700

2001 data represents pre-construction (summer 2001)

2002 data represents 6-month post-construction (fall 2002)

2004 data represents 24-month post-construction (summer 2004)

2004 hurricane data represents 24-month post-hurricane (fall 2004)

2005 data represents 36-month post-construction (summer 2005)
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Table 3.8 Beach Volume Changes between Dune and -30 ft-NGVD

FDEP Reference Number

Volume Changes between Dune and -30 ft-NGVD

2005 - 2001

2005 - 2002

2005 - 2004

2005 - 2004 hurricane

36 month post - pre

36 month post - 6 month

36 month post - 24 month

36 month post - 24 month post

post post hurricane
cy/ft cy cy/ft cy cy/ft cy cy/ft cy
North of Project Area
R-12 -345.7 | -173,100 [ -330.0 -165,300 -461.6 -231,200 n/a n/a
Project Area

R-13 -466.9 | -209,500 [ -538.1 -241,400 -607.7 -272,600 -57.1 -25,600

R-14 -249.7 | -203,400 | -227.2 -185,100 -458.4 -373,500 112.8 91,900

R-15 -322.9 | -256,600 | -318.0 -252,700 -465.1 -369,600 -68.8 -54,600

R-16 -79.6 -65,900 -76.9 -63,600 -111.8 -92,600 58.2 48,200

R-17 -52.7 -45,700 -83.6 -72,400 -100.7 -87,300 -12.8 -11,100

R-18 104.8 118,900 | -246.1 -279,400 4.3 -4,900 64.1 72,700

T-19 97.7 65,200 -224.4 -149,800 22.7 15,100 -31.2 -20,800
Volume Change R-13 to T-19 -597,000 -1,244,400 -1,185,400 100,700

South of Project Area

R-20 -0.3 -600 -238.7 -445,200 -47.4 -88,500 59.6 111,100

R-21 -6.6 -7,600 -122.0 -141,800 -27.3 -31,700 34.7 40,300

T-22 -101.6 | -104,200 -85.2 -87,500 -147.9 -151,800 48.6 49,900

T-23 -35.1 -18,400 -62.8 -33,000 -55.3 -29,100 98.8 52,000
Volume Change R-20 to T-23 -130,800 -707,500 -301,100 253,300
Volume Change R-12 to T-23 -900,900 -2,117,200 -1,717,700 354,000

2001 data represents pre-construction (summer 2001)

2002 data represents 6-month post-construction (fall 2002)

2004 data represents 24-month post-construction (summer 2004)

2004 hurricane data represents 24-month post-hurricane (fall 2004)

2005 data represents 36-month post-construction (summer 2005)
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2001-2005

As described earlier in Section 2 (Table 2.1) the beaches south of Jupiter Inlet received
approximately 789,000 cy of sand in the winter of 2001/2002 from a variety of projects. In addition, the
project area received approximately 175,000 cy during the winter of 2003/2004.

In the fill placement area (R-13 to R-19), the 2005 survey indicates the entire project area
retained approximately 90,100 cy of sand above MHW when compared to pre-project conditions.
However, significant erosion dominated below MHW (-687,000 cy). Overall, volume changes between
R-13 and R-19 indicate substantially less sand than pre-project conditions (-597,000) with R-15 showing
the most significant decline of 260,000 cubic yards. Hurricanes Frances and Jeanne of 2004, and the
resulting changes to the ebb shoal and return bar, likely precipitated this accretion / erosion pattern
change. Appendix A beach profiles taken within the project area depict an offshore sand bar most
prominent adjacent to the south jetty. The 2005 survey shows this bar flattened and moved up to 1,000 ft
seaward (R-16).

South of the project area, more than 54,500 cy of sand remains on the beach above MHW
compared to pre-project conditions. Below MHW the calculations indicate substantial losses (-185,400

cy). The highest loss of sand was observed along the R-22 profile (-118 cy/ft or -122,000 cy).

North of the project area, monument R-12 eroded a total of 173,100 cy from dune to -30 ft-
NGVD. The MHW line recession at R-12 (Table 3.6) reflects the erosion on the upper beach face. The
2001 profile (Appendix A) indicates a pronounced offshore bar feature approximately 1,000 ft from the
monument location. The 2005 profile shows a flattened bar nearer to shore, about 500 ft from the R-12
monument. The variation in the bar’s shape and position accounts for much of the volume difference

between 2001 and 2005. The dynamic nature of the inlet greatly influences the volume changes.

Overall, the volume summation between 2001 and 2005 totals a loss of 900,900 cy between dune

and the -30 ft-NGVD within the study area.

2002-2005
The 2002-2005 comparison provides insight into the project evolution since initial construction.
Following the major renourishment in the winter of 2001/2002, the beaches south of Jupiter Inlet received

an additional 252,115 cy during the period from 2002 to 2005.

As expected, the beach volume analysis indicates a loss of material during this time period.
Within the project area the subaerial beach eroded 156,800 cy. Erosion varied from 13.0 cy/ft to 48.9
cy/ft. The subaqueous beach within the project area eroded a staggering 1,087,500 cy with the greatest
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erosion occurring adjacent to the inlet near R-13 (499.8 cy/ft). The overall project area eroded a net
volume of 1,244,400 cy between the dune and -30 ft-NGVD for 2002-2005. However, surface change
analysis indicates that much of the erosion is likely storm induced losses at the east portion of the ebb

shoal (or seaward portion of R-13) and possibly outside the influence of the project (Figure 3.6).

South of the project area, the overall transport pattern also indicated substantial erosion. This area
experienced a net erosion of 707,500 cy between the dune and -30 ft-NGVD. Breaking this down further:
31,600 cy accreted above MHW and -739,000 cy eroded below MHW. Again, the substantial volume
changes occur mainly in the offshore bar shown in profiles R-21, R-22, and R-23 (Appendix A).

North of the project area, monument R-12 eroded both above MHW (10,300 cy) and below
MHW (155,000 cy), yielding a total erosion volume of 165,300 cy.

This time period relates the beach just after the large winter 2001/2002 renourishment to the
study area following 2.5 years of only minor nourishments and detrimental weather events (i.e.

Hurricanes Frances and Jeanne).

2004-2005

The 2004-2005 comparison indicates project evolution during the third year following
construction. The beaches south of Jupiter Inlet received 78,000 cy of material during the time period
from 2004 (24-month post-fill) to 2005 (36-month post-fill) but suffered impacts from two significant
hurricanes (September 2004).

As with the 2002-2005 time period, the beach volume analysis predominately indicates a loss of
material from the system. Within the project area, the beach eroded 55,800 cy above MHW, with the
highest erosion occurring at R-15 and R-19 with 31.9 cy/ft and 30.7 cy/ft, respectively. Interestingly,
12,300 cy accreted between the dune and MHW at R-17, where the return bar welds to the shoreline. The
bulk of the erosion occurred within the subaqueous beach, with 1,129,500 cy lost. R-13, R-14 and R-15
exhibited the highest erosion (598, 446, and 433 cy/ft). Net erosion between dune and -30 ft-NGVD for
2004 - 2005 is 1,185,400 cy. Again, the substantial volume losses were mainly associated with changes to

the ebb shoal, return bar, and offshore bar.

South of the project area, the beach continued to show erosion. The overall loss between dune and
-30 ft-NGVD is 301,100 cy, divided between the 16,100 cy loss above MHW and 285,000 cy loss below
MHW.
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Net erosion also occurred north of Jupiter Inlet. However, the subaerial beach at R-12 accreted 1,400
cy. The large subaqueous erosion of 232,600 cy more than eliminated the small gain above MHW, resulting

in an overall loss of 231,200 cy from dune to -30 ft-NGVD.

2004 hurricane - 2005

The 2004 hurricane - 2005 comparison indicates project evolution during the portion of the third year
after construction that occurred after the landfalls of Hurricane Frances and Jeanne and the post-storm
response. The beaches south of Jupiter Inlet received 78,000 cy of sand during the 2004 - 2005 time period.
Notably, the dune to MHW portions of the survey were completed after Hurricane Frances, but before
Hurricane Jeanne, while the offshore survey was completed a few months after Hurricane Jeanne.

The beach volume analysis predominately indicates moderate levels of post-storm recovery. Within
the project area, the beach accreted a modest 7,900 cy above MHW, with R-17 registering the highest
accretion (22.2 cy/ft). High levels of accretion occurred over the subaqueous beach, with 92,700 cy gained.
Accretion and erosion varied substantially among the seven monuments. Net project area accretion between
dune and -30 ft-NGVD for 2004 hurricane - 2005 is 100,700 cy. The substantial natural and storm induced
changes in the beach profiles through the ebb shoal and return bar are visible in the profile plots (Appendix
A). Considering the 78,000-cy of sand placed on the beach and relatively quiet storm activity between the

surveys, these findings indicate rather modest natural storm damage recovery.

Accretion was much more pronounced south of the project area due to littoral drift moving material
out of the project area and into the south control area. The overall gain between dune and -30 ft-NGVD
totaled 253,300 cy which included 14,200 cy above MHW and 239,000 cy below MHW. The profiles
(Appendix A) indicate the large longshore bar that formed after the 2004 hurricanes migrated towards the
shoreline to some extent. The substantial accumulation of sand below MHW is noteworthy, particularly since

the area is likely isolated from direct ebb shoal sediment movement.

The 2004 hurricane survey did not include profile R-12.
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While the 2005 survey indicates less sand volume than prior to the 2002 nourishment, the
sediment losses are subaqueous between MHW and -30 ft-NGVD and largely within the ebb shoal and
return bar complex. Above MHW, the 2005 survey indicates more than 90,000 cy of sand present on the

beach compared to pre-nourishment conditions (Table 3.7).

3.7 Sediment Characteristics

Each nourishment event on the beach south of Jupiter Inlet contains a project-specific sediment
characteristic. Appendix D contains sediment characteristics for the 2002 renourishment and 2004 sand
trap projects. The appendix shows that the sand trap sediment is similar to the 2002 nourishment sediment
which implies that the sand trap sediment moves from offshore into the trap through inlet transport
processes. Although sediment data for the ICWW dredging project are unavailable, geological reasoning
suggests that sediment from interior waterways is finer than sediment from an offshore borrow area or
inlet sand trap. Finer beach fill sediment would diffuse more rapidly than coarse sediment and result in a
gentler beach profile. The variation in sediment grain characteristics for the various projects, in
conjunction with the weather conditions, may account for the differences in sediment diffusion and the

seaward extent of the beach fill equilibrium profile.
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4.0 EQUILIBRIUM TOE OF FILL AND HARDBOTTOM ANALYSIS

The equilibrium toe of fill (ETOF) represents the location at which nourished sand extends
offshore following profile equilibration. The ETOF differs from the depth of closure as the depth of
closure is unrelated to nourishment projects. The ETOF evolves as a function of the volume of material
placed on a beach, the physical characteristics of the material, and the wave and current conditions
experienced by the project. In time, the ETOF will approximate the depth of closure if the natural and

nourished sand are identical.

FDEP Permit No. 0163093-001-JC requires verification that the Jupiter/Carlin equilibrium toe of
fill does not impact nearshore hardbottom communities beyond those previously impacted by the 1995
initial nourishment project. The permit requires bathymetric monitoring conducted annually following

project completion for a minimum of three years.

As part of the original project design, CPE (1994) estimated the original ETOF locations fall
between 400-800 ft (-8 to -10 ft-NGVD) from the respective monuments. To determine the ETOF, CPE

assumed Dean’s equilibrium beach profile equation (Dean, 1990):
h= Ay%

(where h is depth, y is distance offshore, and A is a factor based on the nourished grain size). CPE applied

3 is 0.37 mm,

an A value of 0.21 ft'*. The corresponding sediment diameter for an A value of 0.21 ft
which is appropriate for both the 2002 renourishment and 2004 sand trap sediment (Appendix D). CPE
intersected the assumed equilibrium beach profile (for the nourished beach) with the existing (1989)
profile to determine design ETOF locations. The CPE analysis did not consider an influence of the return
bar on profile evolution. In addition, Dean’s method assumes the profile attains a true equilibrium in
terms of sediment, wave, and water level conditions. Such conditions rarely occur in the vicinity of highly
dynamic tidal inlets. Importantly, the measured profiles provide a historically-based, technically-
justifiable perspective for adjustments to future project design. With measured data now available, Dean’s
technique employed by CPE for the original nourishment project no longer represents the preferred

method to determine profile evolution. Due to the significant subaqueous changes to the profiles

following the 2004 hurricane season, we can no longer accurately determine the ETOF location.

In fulfillment of the first renourishment permit requirements, Palm Beach County performed
hardbottom monitoring surveys to assess changes in hardbottom exposure resulting from the

renourishment projects. Palm Beach County staff digitized the hardbottom coverage from color aerial
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photography verified by ground truthing. Figure 4.1 shows the nearshore hardbottom coverage for 2005
within the project area and Figure 4.2 shows the hardbottom coverage for 2000, 2001, 2003 and 2004.

Figure 4.2 shows that prior to the 2002 renourishment, substantial variability in the amount of
exposed hardbottom existed within the project area, with approximately 0.5 acres and 0.003 acres in 2000
and 2001, respectively. The majority of the hardbottom in 2000 is located between monuments R-13 and
R-14, with minor additional exposure in the vicinity of monuments R-15 and R-16. Poor water
conditions for the 2002 FDEP aerial photography precluded the hardbottom exposure analysis
immediately following the renourishment. One year following project completion (2003), approximately
1.1 acres of hardbottom became re-exposed, with the majority of the coverage present between R-13 and
R-14 (in a similar location to the 2000 coverage). The 2004 hardbottom mapping showed reburial of the
hardbottom with only 0.036 acres of exposure. In 2005, a substantial amount of hardbottom was re-
exposed with 1.4 acres mapped between R-13 and R-16 (Figure 4.1). The substantial erosion during the
2004 hurricanes has likely influenced the re-exposure of hardbottom. In contrast to previous surveys, a
large portion of the 2005 hardbottom is present in the vicinity of R-15. The changes in shoreline position
combined with the increase in hardbottom exposure near R-15 suggest an increase in erosion stress in this

area. These findings illustrate the ephemeral nature of the hardbottom within the area.

Of note, Palm Beach County constructed an artificial reef near R-23 to mitigate for impacts to
existing nearshore hardbottom from the original project construction in 1995. Since a negligible area of
hardbottom (0.003 acres) existed at the time of 2002 renourishment project, the project has not caused any

additional impacts to hardbottom communities.
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Insert pdf figure 4.1
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Insert pdf figure 4.2
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5.0 SUMMARY AND CONCLUSIONS

5.1 2005 Monitoring Summary

The 36-month post-construction monitoring data indicate the Jupiter/Carlin Shore Protection
Project is currently in fair condition. However, the future evolution of the project remains uncertain due to
the large offshore losses within the project area. While this report attempts to analyze the evolution of
Palm Beach County’s nourishment project, the additional sand from several small projects (inlet and
ICWW maintenance dredging) skew the results. As such, the report actually details the evolution of the

beach segment under the influence of all the projects.

Volumetric and shoreline position analyses reveal the condition of the beach during the 2005
monitoring survey period. On average, the shoreline within the project area is approximately 44 ft wider
than pre-project conditions. However, there is substantial variability among the profiles. South of the
project, the shoreline has advanced 50 ft. compared to pre-project conditions. Since project construction,
the project area shoreline has receded just over 81 ft, the south reference area shoreline advanced 24 ft.
Immediately north of the inlet the shoreline receded 59 ft. Volumetrically, the project area received a total
of roughly 1,041,000 cy since 2002. This total includes the Jupiter/Carlin project and several maintenance
dredging events sponsored by JID and FIND. The 2005 monitoring data show substantial losses in
volume below the MHW elevation compared to pre and post-project conditions. Dramatic changes have
occurred within the ebb shoal and return bar complex which, we suspect, have largely influenced the
sediment losses. Despite the damage sustained in the 2004 hurricanes, approximately 90,000 cy of sand
remains above the MHW elevation, compared to pre-project conditions. However, the large offshore
losses attributed to the 2004 hurricanes concern us as the potential exists for additional, and potentially
rapid, losses of subaerial material within the project area. In particular, the persistent erosion and lack of
storm damage recovery in the vicinity of R-15 warrants close monitoring. Importantly, without the
additional material placed by the small projects, we suspect the shoreline within the project area would be

significantly degraded.

The hardbottom analysis indicates the 2002 project evolution has not covered any additional
hardbottom from pre-project conditions. The county’s 2005 hardbottom coverage indicates more exposure
than prior to renourishment activities (2001). Hardbottom impacts — for all previously mapped

hardbottom throughout the entire project area — were mitigated for as part of the original 1995 project.
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5.2 Recommendations

According to Permit No. 0163093-001-JC, FDEP requires physical monitoring of the project for a
period of three years after project construction. This report serves as the final, 36-month post-construction
monitoring. While monitoring is no longer required, Taylor Engineering recommends continued

monitoring of the area to assess area changes and project performance.

The erosion near R-15 appears to have become more persistent and may be associated with other,
inlet-related, conditions. Since the erosion appears to be somewhat localized, a structural erosion control
approach would likely reduce the renourishment interval of the Jupiter / Carlin project. We highly

recommend continued monitoring of this area.

Future surveys should extend to -30 ft-NGVD or 1 mile offshore, whichever is further, in order to

assess storm induced sand movement.

Continued surveys of the ebb shoal would benefit future analyses of the ebb shoal and return bar

— particularly how these features correlate with beach response.

As discussed in previous reports, the data collected at R-12, north of Jupiter Inlet, do not appear
to provide any significant insight into the evolution and impact of the project. From a project monitoring
perspective we suggest the county request FDEP expand surveys to the north to include at least two
additional profiles (R-10 and R-11) to create a reasonably sized north reference or eliminate the data
collection requirement at R-12. Although these data remain important to regional long-term monitoring
and developing an understanding of the overall coastal processes occurring around the inlet, three years of
monitoring demonstrate the irrelevance of surveys at R-12 with respect to the Jupiter / Carlin beach

project’s evolution. Palm Beach County prefers eliminating the R-12 data collection requirement.

With measured data now available, Dean’s technique employed by CPE for the original
nourishment project no longer represents the preferred method to determine profile evolution. Future
iterations of the Jupiter / Carlin Shore Protection Project should continue to account for the measured

profiles as part of the design. Palm Beach County agrees with this approach.
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APPENDIX D

Borrow Area Sediment Characteristics



Table D. Borrow Area Sediment Characteristics

2002 Renourishment | 2004 Sand Trap
Mean Grain Size (mm) 0.38 0.36
% Gravel 1 0
% Coarse Sand 2 1
% Medium Sand 39 45
% Fine Sand 56 52
Sorting (phi) 1.1 1.08
Sorting Categorization Poorly Sorted Poorly Sorted
% Silt and Clay 2.2 0.96
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